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TERMS OF REFERENCE 

1.    Background and aim of the project 

The background of the project is as follows:    The Brazilian iron and steel 
industry, whose production by 1945 amounted to less than 200,000 tonnes per 
year, has since then expanded rapidly and in 1969 reached 4.95 million tonnes. 
Many studies and plans have been under considération by the Government and 
private firms in the last few years.  An important survey of the Brazilian 
iron and steel industry was carried out in 1966 by Booz, Allen and Hamilton 
Int. Inc., under the auspices of the World Bank and the Brazilian Government. 
On the basis of that work the Brazilian Government prepared a National Plan 
for the iron and steel industry, covering the period 1968 - 1977, with detailed 
recommendations for the period 1968 - 1972.   The projects recommended for 
the latter period are now being implemented.   Thus, the Brazilian steel 
production capacity, estimated to be 5.1 million tonnes of ingots in 1967, 
should be increased to 7.7 million tonnes by 1973 - 1974.   On the other hand, 
it is expected that the apparent steel consumption in the country will grow 
at a rate of at least 10.5 percent per year in the next decade.   This forecast 
is based on the minimum rate of growth of the GNP planned by the Government 
for the period of 7 per cent per year and on the elasticity of steel production 
relative to the GNP, which was 1.5 in the last 15 years on the average.   Accord- 
ingly, the apparent consumption of steel wliich amounted to approximately 
5.1 million tonnes of ingots in 1969, should increase to some 15.5 million 
tonnes by 1980. 

To satisfy this increasing demand an expansion of the Brazilian iron and 
steel industry will be required, beyond that contemplated in the plan already 
available.    This will be necessary not only because of the impossibility of 
importing steel in the amounts that will be required, but also because of the 
favourable conditions prevailing in Brazil for development of the steel industry, 
especially the well-known availability of some of the largest reserves of first 
quality iron ore in the world.   In fact, it is necessary to study the feasibility 
of expansion of the Brazilian iron and steel industry, not only to satisfy the 
local market but also for eventual export.   Accordingly, plans for expanding 
the steel production capacity may involve the addition of 10 - 15 million tonnes 
per year of new capacity until 1980, to reach an overall capacity of some 
20 million tonnes per year by 1980. 

i 
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The Government is concerned with the preparation of the corresponding 
studies and plans but, among other elements for decision, it will be necessary 
to have a good evaluation of technological trends for the world iron and steel 
industry and of the corresponding implications for the Brazilian iron and 
steel industry.   The information needed includes the technological and economic 
aspects of processes and equipment for iron ore preparation, reduction, steel- 
making, rolling, product-mix choice and quality control. 

The aim of the Project is to provide the Government with basic information 
which will in a short time lead to the full use of installed capacity through 
teclmological improvements; and which will be essential for planning the long 
range expansion of the Brazilian iron and steel industry along optimum 
technical and economic lines. 

The study will be concerned with the development of the primary steel 
industry, that is to say, the manufacture of primary rolled steel products 
and only such secondary products as tubes, forgings, coated sheets, which 
are normally made by works that produce the primary products.   The extraction, 
benefi elation, export and pre-reduction of iron ores will only be discussed 
insofar as it is related to the development of the Brazilian iron and steel 
industry. 

2.     Responsibilities of the contractor 

having in mind the Background and Aim of the Project as stated in 
article 1.1, the Contractor shall undertake and carry out the specific objectives 
and tasks stated below. 

A.    Technological survey and evaluation of the Brazilian iron and steel industry 

Under this Section A the Contractor shall: 

(i)  Make a survey and evaluation which shall cover the existing plants, 
proces.ses and products, as well as the planned expansions and the 
establishment of new ones, 

(ii) Assess from teclmological viewpoint, the types and characteristics 
of equipment, processes and products followed by the evaluation of 
their tccluiical and economic adequacy and performance, with 
comparisons with practices in use in the most modern and efficient 
plants elsewhere. 

(iii) Pay special attention to indices of performance and point out techno- 
logical shortcomings if any. 

This survey, assessment and evaluation shall be based on information, data and 
studies made available by the Government, complemented by direct sampling on 
a selective basis.   The end result shall be a clear presentation, analysis and 
evaluation of the teclmological status of the Brazilian iron and steel industry 
as it is now and based on existing plans, as it will be by 1975, with special 
attention to the possible increase of production and/or productivity and possible 
quality improvement, ina short time, by technological modifications. 
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Tlie Contractor shall provide under A (i), (ii) and (iii) of this section, 
a broad assessment of, and recommendations for, the iron and steel industry 
as a whole, rather than a detailed assessment of the individual works that 
make up the industry, although reference to these shall be made to illustrate 
situations and recommendations. 
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?1 __§tli<l^»_ Presentation and analysis of the main technological alternatives 
open to the modern iron and steel industry 

In this study the Contractor shall indicate the significant trends in the 
evolution of iron and steel technology, covering all processing, from ore to 
final steel industry products.   The analysis of technological possibilities and 
trends regarding nature, characteristics and applications of products of the 
iron and steel industry shall receive as much attention as is usually devoted 
to the consideration of problems related to reduction, steel-making, ingotting 
and rolling. 

Competition of 'non-steel' products shall be carefully considered. 

Such factors as technological options, size of installations, international 
trends in the location of installation, for pre-reduction and /or for steel- 
making, relative to sources of raw materials and to market, shall be considered. 

The potential for, and role of, developing countries in the future of the 
world iron and steel industry and trade, shall be pointed out. 

The economic aspects relevant to the comparison and evaluation of 
technological options shall be considered. 

Emphasis shall be placed on the study of factors and aspects of large 
tonnage iron and steel production and trade "big steel" but the role of "mini- 
steel" plants shall also be examined, it being understood that by "mini-steel" 
plants it is meant here the variety of smaller steel plants, of a capacity up 
to some 200,000 tonnes per year whose existence is justified to satisfy 
certain "speciality" markets for tool steels, alloy steels, special sections 
or certain limited local markets for winch supply from other sources proves 
to be difficult because of transportation costs, and keeping in mind that even 
in developed countries "mini-steel" plants have a very important role. 

C._^ JOdicatJon_and ifnalysi^s of_the_ñiipl^cations of the technological, financial 
and_econom]cJ_r_C2id_s_m the world's iron and steel industry for the long-"" 
term_planning_of the Brazilian iron and steel industry 

Tlie Contractor shall indicate and analyse the implications of the 
technological, financial and economic trends in the world's iron and steel 
industry for the long-term planning of the Brazilian iron and steel industry 
taking into account the factors of production such as raw materials, energy, 
transportation, equipment, refractories,  'know-how', man power; the various 
processes and equipment to be used; the intermediate and final products to be 
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delivered by the industry; the Brazilian export potential; the location and six« 
of new installations; the relevant financial and economic aspects; with particular 
recommendations for action. 

These recommendations shall be, in form and in essence, such that they 
will be useful to the Government and Brazilian enterprises to plan the expansion 
of their iron and steel industry up to 1980, and shall consider the Government 
targets ua indicated in article 1.1, it being understood that location and size 
of new installation, as well as the financial and economic aspect, can only be 
discussed and recommended in a preliminary way, pending further detailed 
and specific studies. 

The study under this Section C shall also include analysis and 
recommendations for action leading to the development of full local capability 
in iron and steel engineering, plant design, equipment design, equipment 
construction, research and development of new processes and products and 
training of specialists. 
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ABBREVIATIONS 

It should be noted that SI units have been used throughout this report 
except where convention dictates otherwise.   All costs have been given 
in US dollars. 

CONSIDER 
BISRA 
BSC 
OECD 

IBS 
ABM 
AISI 
API 
BSI 
ECSC 
EEC 
EFTA 
COMECON 
LAFTA 
PETROBRAS 
IRSID 
CRM 
NML 
USA 
US 
UK 
USSR 
W.Europe 
BF 
BOF 
BOI 
TFS 
DR TP 
QT 
PCQ 
CR GO 
EA 
SL-RN 
HyL 
D/R 
Semis 

R&D 
GDP 
GNP 
FOB 
BSS 
PVC 
DC 
DCF 

Conselho Consultivo da Industria Siderurgica 
British Iron & Steel Research Association 
British Steel Corporation 
Organisation for Economic Co-operation 

and Development 
Instituto Brasileiro de Siderurgia 
Associacao Brasileira de Matéis 
American Iron and Steel Institute 
American Petroleum Institute 
British Standards Institute 
European Coal and Steel Community 
European Economic Community 
European Free Trade Area 
Council for Mutual Economic Aid 
Latin American Free Trade Association 
Petróleo Brasileiro S.A. 
Institut   de Recherche de la Siderurgie, France 
Centre de Recherche Métallurgique, Belgium 
National Metallurgical Laboratory, India 
United States of America 
United States 
United Kingdom 
Union of Soviet Socialist Republics 
Western Europe 
Blast furnace 
Basic oxygen furnace (LD) 
Blast furnace output index 
Tin free steel 
Double reduced tinplate 
Quenched and tempered (steels) 
Plain carbon quenched (steels) 
Cold rolled grain oriented (sheet) 
Electric arc furnace 
Stelco Lurgi - RN Corporation (proprietary process) 
Hojalatay Lamina (proprietary process) 
Direct reduction 
Semi-finished products -  usually slabs, blooms 

or billets, sometimes also ingots 
Research & Development 
Gross domestic product 
Gross national product 
Free on board 
British Standards Specification 
Polyvinylchloride 
Direct current 
Discounted cash flow 
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approx. 
e. 
p.y. 
% 
cf. 
qtr 
$ 
i 
Cr$ 
mm 
m 
km 
ram* 
m2 
m^ 
Nm3 

g 
kg 
t 
lb 
tpy 
tpd 
kg/cm 
tonne/km 
mtpy 
MVA 
kVA 
MW 
kW 
kWh 
TI 
Gì 
MJ 
KI 
MN 
kN 
kcal 
hr 

C/H 
IR 
ICM 

approximately 
approximately 
per year 
percent 
refer to 
quarter (calendar) 
US dollars 
US cents 
Brasilian cruzeiros 
millimetre(s) 
metre(s) 
kilometre(8) 
square millimetre^) 
square metre(s) 
cubic metre(s) 
cubic metres at normal temperature and 

pressure 
gramme(s) 
kilogramme(s) 
tonne(s) 
pound(s) weight (Imperial measure) 
tonnes per year 
tonnes per day 
kilogrammes per square centimetre 
tonne kilometres 
million tonnes per year 
megavolt -amps 
kilovolt -amps 
megawatts 
kilowatts 
kilowatt hours 
terajoules 
giga joule s 
megajoules 
kilo joules 
meganewton s 
kilonewtons 
kilocalories 
hour 
horsepower 
degrees centigrade 
carbon to hydrogen ratio 
(State tax) 
Imposto de Custo Mercadoria (Federal tax) 
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PREFACE 

In June 1971 Atkins Planning were commissioned by the United Nations 
Industrial Development Organsiation to carry out a study of the implications of 
tecluiologlcal innovation for long range planning of the iron and steel industry 
in Brazil.    The terms of reference for the study are set out immediately 
preceding this Preface.    They state that the aim of the study is "to provide 
the Government with basic information which will in a short time lead to the 
full use of installed capacity though technological improvement, and which 
will be essential for planning the long range expansion of the Brazilian iron 
and steel industry along optimum technical and economic lines". 

The study was carried out by a team of planners with metallurgical, 
engineering and economics backgrounds working partly in Brazil and partly 
at tue Consultants' home office in Epsom.    In the UK, the team were able 
to make use of the resources of the British Steel Corporation's laboratories 
(formerly known as BISRA) for advice on new teclmologies and research and 
development.    At appropriate stages of the work the team was augmented by 
two 'top strategists' of international repute, Sir Maurice Fiennes and Mr. John 
L. Young, who have also continued to act as advisers throughout the preparation 
of the report. 

The study as envisaged in the terms of reference had three distinct phases: 
the first concerned with the evaluation of the present industry and its existing 
expansion plana; the second, the technological alternatives open to the modern 
iron and steel industry; and the third, the implications of technological and 
other trends for the long-term planning of the Brazilian iron and steel industry. 
The work on the first phase was carried out in Brazil where an interim report 
was produced on that aspect of the work.    At the same time the work on the 
second phase was in progress in the UK and interim reports were produced on 
these aspects also.    CONSIDER staff were closely associated with the work of 
both phases and a consultative committee including, among others, represen- 
tatives of the Instituto Brasileiro de Siderurgia and the Associated Brasileira 
de Metais, was set up to advise the team on the wider issues of the Brazilian 
steel industry.    The reports on both phases were presented in Brazil at a 
meeting with CONSIDER, the consultative committee and the top strategists. 
The conclusions of these reports were then further developed as part of the 
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third phase, and their implications for the Brazilian iron and steel industry 
and supporting industries were assessed and discussed at a second meeting 
in Brazil which was attended by CONSIDER, the top strategists and the tech- 
nical representative of UNIDO.    The subsequent work of producing a final 
report covering all these phases has been carried out at Epsom, again with 
active assistance from the top strategists. 

The report deals with the subject matter in the same order as the terms 
of reference stipulate for the study itself.    The opening chapters - Chapters 
1 to 6 - cover the Brazilian Steel Industry as it is today (mid 1971) and its 
existing plans for expansion.    Chapters 7 to 32 record the review of world 
technology.    The concluding chapters - Chapters 33 to 40 - deal with the 
implications of technology on the future planning of the Brazilian industry. 
In following tins arrangement, we have allowed conclusions and recommend- 
ations to arise naturally in the text as each facet of the subject is treated. 
To facilitate identification of these we have prepared a brief summary in 
which these conclusions and recommendations are highlighted and cross 
referenced with the relevant chapters and articles in the main body of the 
report.    The top strategists have prepared a foreword to the report in 
which they express some views on tne probable solution that the Brazilian 
steel industry will adopt as a result of rigorously planning their future 
expansions in the light of world technological developments. 

This Foreword and Summary together with the Preface, the Terms of 
Reference, and a list of abbreviations, form the introductory material to 
the report.    The main text of the report is supported by a number of 
appendices, dealing with details of certain aspects and including a list of 
references. 
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We were appointed as "Top Steel Strategists" to collaborate with Atkins 
Planning in the preparation of this report and, in addition to our two short visita 
to Brazil, we have helped wherever possible by commenting on the drafts which 
preceded the report as now submitted.   Reports of this nature necessarily run 
to considerable length and we thought it might be helpful, both to UNIDO and 
CONSIDER, if we were to prepare a foreword setting out our broad view of the 
situation covered by the Terms of Reference. 

While we do not think we have differed from Atkins Planning on any 
important issue of substance, we emphasize that the summary which follows 
represents our agreed personal view;   and it relates primarily to strategy - the 
aspect upon which we were presumably expected to advise. 

1.    General observations 

The effectiveness of a steel industry - or of any industry, for that matter - 
cannot fairly be judged solely by figures of capacity and output, supplemented by 
a cursory inspection of its plant and a few hours talk with the staff in a few 
locations.   It is also important to know whether the industry as a whole and its 
principal components earn a reasonable return on the investment, when 
operating at internationally competitive price levels and at wages levels which 
are socially acceptable;   and by a 'reasonable' return, we mean one which will 
stimulate the supply of new capital for further investment.   Information of this 
kind was not available to us and there was neither time nor opportunity to 
ascertain it.   Without sucli information judgements can be at fault.   We were 
required primarily to examine the technological status of the Brazilian iron and 
steel industry, but technology cannot be divorced from economics when 
considering whether a particular enterprise is efficient or not.   We make the 
point because future development, and investment decisions are unlikely to be 
better than the information on which they are lia sed, so that an organized flow 
to the centre of reliable and comparable data about the performance of die 
industry is of cardinal importance. 

Moreover, in considering the future of the steel industry, it is necessary to 
remember that the manufacture of steel is not an end in itself:   it is a means to 
an end, namely to provide the raw materials for a wide range of engineering and 
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consumer goods industries.   If these are to be competitive in the domestic 
market, as they must be, then steel must be available at competitive prices; 
and this, for a healthy steel industry, means competitive costs.   The same, of 
course, applies to exports, whether of steel or of engineering goods made with 
it.   Thus, in considering technological options, it is essential to have regard 
not only to what is possible, but to what is economic.   If to say this is to point 
the obvious, it is because some of the so-called new technology which is 
currently publicized is far from proven and may well be uneconomic in the 
Brazilian content if and when it is.   It is probable that, at least in Brazil's 
present stage of development, reliance on traditional processes which are well 
proved and established, but incorporating the most up-to-date engineering, will 
offer the best dividends. 

Finally, so far as these general observations are concerned, it should be 
recorded that while Brazil is exceptionally well endowed with iron ore, 
manganese, limestone and refractory materials, all of which are quite 
conveniently located, she is very short of good reductants which arc, of course, 
essential for smelting iron ore to liquid iron.   The bulk of the reductant must be 
imported unless or until new deposits are discovered and developed.  Also, the 
estimated availability of indigenous scrap (which is an important raw material 
source in most steelmaking processes) is such as to impose practical limitations 
on the extent to which Brazil's great electrical energy potential can be employed 
economically to expand steel production.   While ii is now practical to supplement 
scrap in the electric furnace by feeding pellets of metallized ore, i.e. reduced 
pellets, the economic price of such pellets is of major importance.   Their 
production in Brazil from Brazilian ore inevitably re-introduces the problem of 
importing suitable reductants at economic prices. 

These are among the main ingredients of the problem of designing a 
20 million tonnes per year steel industry for 1980.   It is only necessary to say 
that if some other countries much less well endowed can and do make steel 
economically, then the Brazilian problem is perfectly capable of solution. 
Indeed, there is no reason why she should not become one of die low cost 
producers of the world. 

2.    The flat product sector 

The Brazilian industry has already made its decisions to meet the demand 
situation expected by 1980, and there is little which Atkins can add which is of 
a strategic character.   The following observations are pertinent, however. 

(a)   Steps must be taken to improve blast furnace performance which, 
in general, is not up to international standards on the figures given 
to us.   Figures arc given in the report with practical suggestions on 
what should be done (Chapter 3, Article 3.3).   V/c think this should 
be treated as urgent liecause of the significant savings in Brazil's 
import bill for coking coal, quite apart from the potential savings 
in production cost.   Apart from this, most of the improvements 
which seem possible are operational matters which are the province 
of good management more than anything.   Steps are seemingly being 
taken to improve the information systems which lie at the root of 
good management.   The establishment of uniform costing systems is 
an important objective (Chapter 6, Article 6.2). 
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(b) The heavy investment in new wide plate mills will, of course, only 
pay off if continuous attention is given to the development and growth 
of the plate consuming industries, particularly shipbuilding. 

(c) it should be said that, although the developments at the strip mills 
(iron and stcclmaking as well as the mills themselves) would appear 
nearly adequate to meet the estimated demand for strip mill products 
in 1980, the total tonnage will be produced from three separate semi- 
continuous hot strip mills.    One modem fully continuous mill would 
be capable of rolling the lot and still have some capacity in hand.   It 
would also produce strip of better quality; and as the entire production 
would be centred in one plant instead of three, the conversion cost 
would be appreciably less.   The existing situation, which is not in line 
with that in industrialised countries, is, of course, historical and 
cannot now be changed, but it serves to show that a piece-meal 
approach to strip mill products is incompatible with the economic 
growth targets which Brazil lias set for herself. 

The next hot strip mill in Brazil must surely be a modern, powerful, 
fully continuous mill which is capable of exploiting the full possibilities 
of mill automation.   It may be required sooner than is generally 
realised if the demand for strip mill products accelerates as it has 
done in some other rapidly developing countries.    Additional capacity 
is, in any event, estimated to be necessary quite soon after 1980, 
which means that construction of a new mill should begin perhaps 
in 1977 or 78, Its planning should begin much sooner; and certainly 
not later than 1974 (Chapter 34, Article 34.1). 

As to the location it is certain that, in economic terms, it is better to 
expand existing steelplants to their maximum potential before building 
new ones.   It would seem that the fairly extensive switch of emphasis 
of both Usiminas and Cosipa to plates, plus some other limiting factors, 
preclude the further development of these plants as strip producers 
much beyond current plans.     There are, of course, many factors to 
be taken into account in any such decision but, prima facie, the 
balance of advantage would appear to support a policy of replacing 
the 26 year old hot strip mill at CSN by a modern mill on an adjacent 
site.    It is pertinent to observe that by 1980 the existing CSN hot mill 
will be about 34 years old and may well l>e due for retirement, 
notwithstanding the expenditure on it currently being incurred.   The 
full development of the new BO F shop to 3 x 200 tonnes - 2 melting, 
] re-lining - should produce about 4. 5 million tonnes of liquid steel 
per year.  A modern hot strip mill on normal average product mix 
should absorb this tonnage if well operated. 

The ironmaking facilities currently planned at CSN will also support 
steelmaking on this scale. 

(d) Of cold mills, it is only necessary to sav that any new mills will of 
course incorporate die most up-to-date engineering available at the 
time, and this also applies to the considerable range of auxiliary 
equipment - and it will be a matter for judgement to decide the extent 
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(e) 

(O 

to which, for example, batch annealing should be replaced by 
continuous annealing.   It seems likely that there will be a need 
by 1980 for further cold rolling and processing capability for 
sheet products as distinct from tinplate.   How and where this 
should be furnished is a matter for detailed study, and the 
planning must be done in plenty of time.   We can offer the 
general comment that these expensive assets are economic 
only when they are kept full of steel.   It is normally practical to 
transfer balancing tonnages of slabs or hot rolled coils from one 
plant to another with this object in view, and this should form 
one clement of the study. 

In the event that a new tinplate plant becomes necessary - and 
this seems likely, notwithstanding the impact upon tinplate of 
other packaging materials - it is not necessary to build it at the 
same site as the hot strip mill serving it.   It is entirely practicable 
to ship hot rolled coils to a convenient location, preferably 
accessible to major customers in the canning industry, for cold 
rolling and processing.   We think a new tinplate plant should 
incorporate facilities for the production of tin-free steel;   and 
probably also for double-reduced tinplate (Chapter 34, Article 34.1). 

Viewing the flat products programme as a whole, the major process 
decisions (e.g. new large blast furnaces, enlargement and new 
construction of BOFs, phasing out of open hearth shops etc.) are 
quite in line with modern practice elsewhere.  So is the decision 
to develop the continuous casting of slabs but, while continuous 
casting is undoubtedly here to stay for the production of plates. 
the position is rather different where strip mills are concerned. 
The reasons are given in the report, but it is sufficient to say 
here that 100 percent continuously cast siali feedstock for a hot 
strip mill is not yet generally considered feasible.   Most new 
strip plants recently built or under construction provide for a 
combination of ingot practice and continuous casting (Chapter 15). 

3.    Structural sections 

The consumption of these in relation to total steel consumption appears low 
in Brazil in relation to other countries.  It is clear that many Brazilian 
structures are of reinforced concrete, but there is room for conjecture on the 
extent to which this is due to relatively low availability of structural steel    At 
all events there is no heavy structural mill in Brazil ami the only medium ' 
structural (and rail) mill, which is at CSN, is really obsolete, although it was 
up-to-date when it was built about 26 years ago and diere are many such still 
in operation elsewhere.   This mill is not designed to roll universal beams, or 
H-beams and sections with parallel flanges, which are increasingly in demand 
for structural engineering.   If experience in other comparable countries is a 
guide (Canada, Australia, Mexico, South Africa, for example), there should be 
a place in Brazil for a universal beam and structural mill as a basis for a more 
extensive structural engineering indursi ryj and certainly its feasibility should be 
examined.   Prima facie, it would be difficult simply to replace the CSN mill with 
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another on the same site, and a universal beam mill should preferably form, 
part of a new steelmaking complex.   By the time this could be built, it may be 
that the whole of the steel make at CSN will be required to feed a new strip mill 
and it might then be found convenient to phase out structurais and rails from 
CSN and make them on a new modern mill elsewhere.   Such a mill might well 
be semi-continuous, and it should be so engineered that its output potential can 
be increased as demand grows.   Experience suggests that a mill of this type 
should be capable of rolling universal sections up to 500 mm or perhaps 600 mm. 
Sections over this size can be more economically made by welding plates, 
unless the market demand for them is large enough to warrant the substantially 
higher cost of a larger mill. 

However, fabricating heavy sections from plates cut from greater widths 
as rolled can be expensive in terms of yield.   A saving of 4 to 5 percent in yield 
can be achieved by fabricating universal plates, i.e. plates rolled accurately to 
controlled width and edge.   There is currently no universal plate mill in Brazil, 
and the case for one should be considered.   Experience elsewhere suggests that 
1,000 mm is the maximum economic width normally required for this purpose 
from universal plate, and this is wilhin the compass of a 2 -high mill.   Some 
such plate can, indeed, be rolled on a universal beam mill, although it is open 
to question whether this is the best way to utilize the mill. 

4. Tubes and pipe 

Most of Brazil's production has hitherto been seamless tube and although 
there was little information on the subject or opportunity to investigate, it seems 
fair to deduce that seamless tube has been used in many applications where 
cheaper qualities of pipe would be adequate.    The electro-weld tube plants now 
being installed at Mannesmann will go some way to correct this, but we were 
surprised to find that there is no continuous butt-weld pipe plant in Brazil or, 
apparently, planned.   Common steel pipe, usually produced by the Fretz-Moon 
process, forms a large part of the market in most steel producing countries; 
and whi lc the economics of this and other processes depend upon the volume of 
production, there is a case for a specific study of the whole tube and pipe market 
in Brazil, upon which a strategy should be based for the further development of 
this highly specialised sector of the industry.    Seamless tidies were the only 
category mentioned in the Technomctal report; and it is necessary to know what 
the future may be for other types, because the answer may well have an impact 
on the planning of billet and narrow slab production. 

5. Other non-liât sector products 

We have deliberately referred to structural sections, tubes and pipe before 
turning to the highly important remainder of the non-flat sector.    It is first 
desirable to distinguish between what are usually called 'special' steels on the 
one hand and 'common* steels on the other, even though the dividing line is not 
precise.    What we saw of the 'special' steels sector suggested that the Brazilian 
companies concerned with the non-flats part of it are efficient and, through their 
overseas connections, well advised.    It is reasonable to suppose that these 
companies will continue to do what their customers require of them.   They would 
be helped presumably by better arrangements for the collection, segregation and 
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processing of scrap and tins is dealt with fully in the report (Chapter 13, 
Article 13.4).   One area worth exploring is whether there would be benefit by 
pooling some of the activities of the alloy steel makers in such a way as to 
justify the installation of a high precision rod mill designed to roll relatively 
short runs of high value steel.   Such a development took place in the UK in 
recent years, and even if it is not immediately practical, it seems important 
to ensure that the alloy steel sector of the industry does not become too 
fragmented. 

As regards the non-flat common steel sector, there is much to be said. 
This sector has grown up as a result of natural forces which were often 
localised in character.   Plants have been built to serve local, short term 
needs;  and while it docs not necessarily follow that they are uneconomic on 
that account, they have not as a rule been established with the long term future 
of Brazil's rapidly expanding economy in mind.   In consequence, this sector is, 
by modern standards, much too fragmented and much of the equipment is 
obsolete.   The report recommends that the prospects of rationalising some of 
the smaller firms, especially around Sao Paulo, should be examined, but the 
potential benefits can only be assessed by a study in depth. 

The main question, of course, is what next? Virtually all die "common 
non-flats" pass through die stage of "semis", mostly billets, which arc then 
rolled or re-rolled on different types of finishing mills to produce different 
products, perhaps in different locations, e.g. merchant bars, specialised 
sections, wire rods, narrow strip, hoop or skelp for pipe-making etc.   A 
significant tonnage of billets will also go into forgings and stampings for a 
variety of trades.   We were not given sufficient information to make an accurate 
or reliable appraisal of the demand by 1980 for all these products, and it has 
therefore only teen possible to give die roughest indication of die finishing mills 
which may be required to produce them.   What is significant at tins stage is the 
likely demand for billets, because if the supply is inadequate there will be no 
point in building new finishing mills anyway, unless large tonnages of billets 
are to be imported. 

The figures given to us indicate that there will Ix; a need for a further 
2.3 million tonnes or thereabouts of billets over and ahove existing capacity by 
1980.   This equates to about 2.7 million tonnes of liquid steel (assuming 
85 percent yield) and the major question is to decide the technology route or 
routes which should be employed to produce it;   and it is important to have this 
figure in mind because the technological options for a production of 2.7 million 
tonnes are different from those suitable for, say, 0.27 million tonnes. 

As the report shows, the main stcelmaking process route options are : 

- blast furnace/BOF: 
- scrap based electric arc, possibly supplemented by a partial 

pre-reduced pellet feed, if available; 
- direct reduction iron making, followed by electric arc stcelmaking. 

The process options for converting liquid steel into billets are : 

- casting ingots and rolling to blooms and then to billets; 
- continuously casting blooms and rolling to billets; 
- continuously casting liquid steel direct to billet sizes. 
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It is not the purpose of this foreword to repeat what is written in the report, 
but without hesitation we recommend : - 

(1) That where, as apparently in North Eastern Brazil, there is an 
appreciable local arising of scrap, then that scrap should be used 
locally in so-called "mini" steelworks using electric arc furnaces 
to produce a strictly limited product range.   It would be wrong to 
transport such scrap over long distances, and right to use it locally 
to satisfy local demand where it exists.   It is important to realise 
that the economics of a "mini" steelworks rest on the availability 
of cheap scrap, which in turn means local scrap of which the price 
is not inflated by heavy transport costs.   Such a works must also 
produce a strictly limited product range, e.g. reinforcing bar; 
and diere must also be a local market so Jiat the price of the 
finished product is similarly not inflated by heavy transport costs. 

(2) That the great bulk of the required 2.7 million tonnes of steel should 
be made and converted into billets in a new steel plant on a green- 
field site, using Brazil's own natural metallic source through the 
blast furnace/BOF route. 

(3) That while it is possible a detailed feasibility study will produce a 
different economic answer, we are strongly attracted to the second 
of the process options above, for converting liquid steel to billets, 
i.e. casting blooms and rolling to billets.   Only by this option is it 
possible to combine : - 

(a) the economies of scale achievable by using iron produced in a 
large modern blast furnace to make steel in large, say 200 tonne, 
oxygen converters be they BOF or OBM; 

(b) the advantage of better yield from liquid steel to sale billet by 
the use of continuous casting radier than ingot practice;  and die 
scope for sequential casting where die order book is suitable; 

(c) the flexibility offered by rolling to the various sizes and shapes 
required by customers from what can we JI be a single bloom 
size. Frequent changes of moulds are inimical to the efficient 
operation and smooth flow of production from a continuous 
casting machine, and recent developments in the USA have 
shown the tremendous economic possibilities in large scale 
billet production by sequential casting from large BOFs through 
a four strand continuous caster, using a single mould size for 
blooms subsequently rolled to billet sizes.   It is known that the 
plant in question has already cast eighteen 200 tonne heats 
entirely into l\ inch (190mm) blooms representing a production 
of 3, 600 tonnes rolled into billets within a 15-hour period, and 
these figures may well have been exceeded by the time diis 
report is read (Chapter 15, Article 15.2). 

It should be possible to build such a plant in stages, if this proves 
necessary, and the detailed studies should indicate the possibilities in this 
respect. 
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»Again without attempting to repeat the report, wc offer the following 
summarised observations in support of these recommendations : - 

i)     If Brazil is to have an additional 2.3 million tonnes of billets by 1980, 
the plant must start operations not later than the beginning of 1978 at 
the latest.   Con si ruction would need to start early in 1975.   It may 
take at least two years to carry out the feasibility study, select the 
site, do a vast amount of engineering, organise finance, place 
contracts and make a host of decisions.   This work will need to 
start, therefore, early in 1973, that is within the next 6 months. 

ii)     Progress has l>een made in direct reduction of iron ore in recent 
years, but the plants so far designed are still on a relatively small 
scale and are only economic in the context of 400/500,000 tonnes 
per year outputs.   To achieve 2.3 million tonnes of billets by 1980 
through these routes would involve the construction of five to six new 
steelworks.   We do not believe this to be possible within the time 

»scale envisaged and, as shown in the report, the cost of steel would 
be higher. 

iii)     Willi the probable exception of HyL, most of the direct reduction 
processes are still involved in technical troubles and, without 
prejudice to their future, we do not believe that Brazil should at 
the present time commit her future wholesale to them.   To do so 
would be to take unacceptable risks. 

iv)     It remains to be seen how the SL/RN kiln at Piratini operates on local 
coals.   Even if satisfactory, the production of 2.7 million tonnes of 
liquid steel would require a total of 20 kilns or more.   It is known 
that the SL/RN process is involved in technical problems elsewhere. 

v)     Of the natural gas processes,it is necessary to point out that Brazil 
is short of that commodity, at least at present.   The true economics 
of reformed naphtha as a substitute can only be estimated at present, 
because no such plant is known to be in operation.   However, it would 

»seem that with naphtha at $3 a barrel, die cost of liquid steel would 
be increased by at least 13 percent in comparison with natural gas 
at the price at which Us iba expects to buy it - and even then about 
50 percent of die charge would be scrap. 

iv)     Of scrap, it is only necessary to say that the estimates suggest that 
the scrap arising in Brazil will be nowhere near enough to support 
steelmaking by the electric arc process on the scale envisaged.   It 
is possible, of course, to import scrap or to start or expand a ship 
breaking industry, but it seems absurd to adopt such a course when 
Brazil possesses her own metallic source - one of die largest group 
of deposits of high grade iron ore in the world.   While it is technically 
feasible to feed reduced pellets (metallized ore) to the electric arc 
furnace as a supplement to scrap, the economics to Brazil on a large 
scale have yet to be established. 

k Location 

" M It is not our province to recommend sites, but we can re-assort the dictum 

xvi 

m 



A 

that the economy of slcclmaking rests upon the ability to assemble high grade 
and cheaply won raw materials at low cost at a point which is accessible to 
markets.   In other words there is a fundamental problem of optimising transport 
costs;   and even then there will almost certainly be a need for compromises to 
reconcile the optimum with practical site availability, water and power availa- 
bility, and so on.   Prima facie, it seems to us that any new plant should be built 
either upon or adjacent to the iron ore mines, or on the coast at or near one of 
the iron ore export outlets.   The fact that coastal sites are popular in many 
countries is not necessarily a criterion for Brazil, because the basic reasons 
may be different.   In Brazil, it is necessary cither to haul coal by rail to an 
inland site, or iron ore, also by rail or slurry pipeline, to a coastal site. 
Prima facie, there would seem to be attractions in sea-borne coal meeting 
domestic ore on the coast if it proves possible to find a site in close proximity 
to one of die existing or developing iron ore export outlets.   Amongst other 
advantages, the ships which export ore can often return with foreign coking 
coal as currently happens in the Vitoria atea.       Such a situation would also 
be favourable to exports of steel if the harbour facilities are adequate or can be 
made so at reasonable cost;   but, of course, low transport cost accessibility to 
domestic markets is also a crucial factor.   In theory, one would think that 
Brazil's long coastline could be exploited in this context, and that to a consider- 
able extent an over-loaded internal transport system could be relieved by a well 
organised and economic coastal shipping system.   Also, shipping billets by sea 
to north-eastern coastal ports in support of potential local re-rolling mills may 
well be a sound way of helping to promote industrialization in those regions. 
Nevertheless, the internal transport links from a coastal steelworks to the 
existing main industrial areas of Brazil would require the closest scrutiny, as 
this would be an important element in any decision. 

The possibility of siting a new integrated steelworks in a remote area, with 
the object of stimulating industrial development in parts of Brazil where the 
economy is differently based, is a subject on which we cannot comment.   Such 
matters are mainly political, and we arc concerned in this report primarily with 
the economics flowing from technological options. 

Ì 

The cost 

The report gives figures for model steelworks (Appendix 3).   We cannot 
comment on diese, except to say that there can be so many variables that a 
detailed feasibility study is the only means of arriving at a reliable estimate; 
and the infrastructure costs - a highly important ingredient - can only be 
estimated for specific situations.   Widely differing global figures for construct- 
ing new steelworks on greenfieM sites have been quoted by various authorities 
in recent years, and perhaps ihey should all be treated with some reserve 
because they often relate to varying contents.   If, however, we take US$235 
per annual tonne of billets (equivalent to $200 per tonne of liquid steel converted 
to billets) as a figure for converting Brazilian iron ore to billets through the 
blast furnace/BOF route, casting blooms and rolling to billet size, then die cost 
of a 2.3 million tonne billet plant would be about $540,000,000 plus infrastructure 
costs.   There would, of course, lie a need for further investment in finishing 
mills, which can either be at the same site or elsewhere.   We believe, however, 
that if a new universal structural mill is to be built, there would be a good case 
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on general economic grounds for siting it within the billet complex as a parallel 
operation. 

H ven if the plant can be built for $180 per annual tonne of billets, equating 
to about $415,000, O00, the investment will still be very great.   The inter-action 
between the public and-privately owned sectors of Brazilian steel is not our 
business, but it docs appear to us that the money can hardly be raised without 
a very considerable degree of State backing and involvement.   In the event that 
a large part would need to be financed by foreign loans, such baeking would be 
indispensable,   ihe problems are well known in Brazil and do not call for 
advice from us.   It is possibly worth saying, however, that in countries like 
the UK, where there is a mixed steel industry structure, the fact that the 
nationalised sector is both a supplier (of semis) to, and a competitor (in some 
finished steel products) with the private sector, is a frequent source of friction. 
With this experience in mind, it may be helpful to suggest that if in Brazil the 
Stale is to become the major supplier of billets, perforce and perhaps 
unwillingly, then .he rolling and sale of finished products should be left to the 
private industry.   It has teen suggested that a new billet plant could be set up 
by the co-operative endeavour of a group of private steel companies.   This 
might well be a good solution, but it seems likely to hiigc on whether the 
financing of such a project is practical. 

Finally, so far as the common non-flat sector of the Brazilian steel 
industry is conçu rued, we regard it as urgently necessary to commission a 
full feasibility study of a 7.3 million tonne billet plant.   In doing so we tliink 
that CONSIDER, as the agent who would presumably commission the study, 
should indicate specific areas where practical sites should 1x2 investigated and 
should, as far as possible, limit the terms of reference to specific techno- 
logical options;   if tiie recommendations in this report are accepted, there is 
no point in doing the work all over again. 

6. Special quality Hat products 

Several countries today arc still suffering from the effects of insufficient 
vision when their stainless sheet facilities were first established.   The extent 
to which Brazil evades this trap depends upon her willingness to establish 
facilities with a long term future accepting that they may be uneconomic in the 
short term.   We think, however, that this problem can be mitigated, and that 
probably the cold rolling and heat, treatment plant should be installed at die first 
stage.   These can be fed by Brazilian ingots (or pressure cast slabs), hire 
rolled into hot rolled strip on Brazilian or foreign semi-continuous hot strip 
mills as opportunity offers, or contracts can lie arranged.   As the domestic 
market grows, Brazil should then install her own hot rolling facility, probably 
starting with a modern Steckel type reversing mill, with hydraulic gap control 
and automatic gauge control, with provision in the layout: to convert the mill 
into a semi-continuous plant as demand grows further.   Recent developments in 
the production of stainless steel ingots or slabs should be carefully evaluated, 
e.g. BOF or argon-oxygen de-carbonising in comparison with the hitherto 
conventional electric arc furnace process. 

7. Per i phcral subjects 

We certainly think that Brazil, with her ambitious plans and enormous future, 
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should put herself in a position to design her own steel plants, though we think 
it quite wrong that she should seek to make herself self sufficient in equipment 
design.   There is plenty of engineering ability already in Brazil, but in the last 
resort people only learn how to design a steelworks by actually doing it.   The 
investment in modern steelworks is so enormous, however, and the slakes so 
great, that there is really no substitute for experience;   and this is why we 
believe that Brazilian consulting engineering firms should be encouraged to ally 
themselves with overseas firms having the necessary experience. 

Equipment design is another matter.   As time goes on, it becomes even 
more international and no country can expect to start successfully on its own 
ab initio.   The obvious course, in our judgement, is to encourage the 
conclusion of licence agreements which make the most modern technology 
available to Brazil.    Let Brazil improve upon it if she can;  and sell her 
improvements to the rest of the world. 

The manufacture of iron and steclmaking equipment within the country is, 
of course, desirable as a general proposition, but once again it is necessary to 
distinguish between what is possible and wliat is economic.   We doubt, for 
example, whether it would be economic for Brazil to lay down the very heavy 
foundry and machine shop facilities which arc necessary for hot and cold strip 
mill stands.   It would be better to import these in the foreseeable future, since 
there is a considerable world over-capacity for their production, and Brazil 
has many claims upon her available stock of capital.   On the other hand, 
capacity for producing the less heavy types of rolling mills should be encouraged 
if it is at present inadequate;   and the same applies to structural engineering 
and the making of fabrications from heavy plate. 

The production of steel mill rolls was quite impressive, and we believe the 
present manufacturers are likely to expand their facilities as occasion demands. 

In conclusion, it may be said that the steel industries of most of the 
industrialized countries are a mixture of plants which are good, bad or 
indifferent;   so if the Brazilian industry contains some which are less than 
perfect, this need cause no serious dismay.   Every mich industry has evolved 
in the context of the political and economic environment existing at the time 
when the various investment decisions were made;   and most entrepreneurs 
would doubtless admit that, if they had their time over again, there are many 
things Ú\ey would do differently. 

With all the advantages of hindsight it appears to us (and we believe 
knowledgeable Brazilians might agree) that much of the existing steel industry 
in this vast and fascinating country has been based on too tentative and rather 
small scale premises.   This is very understandable in the context of the past, 
but we believe the future calls for a modified altitude.   With an economy which 
is now obviously being managed and directed by firm a,id skilful heads and 
hands, which have set ambitious targets for economic growth and are deter- 
mined to achieve them, and with some excellent resources available (although, 
alas, not apparently in reductants), the scope for a great surge forward in 
steelmaking becomes apparent.   So far as practical, therefore, there is now a 
need for a "maxi" rather than a "mini" approach, save in special situations. 
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Investment decisions must, of course, be prudent, but Brazil seems to us to be 
a maxi proposition in so many respects and must make her decisions with a 
corresponding degree of confidence in her future. 

We are glad and privileged to have been associated with this study, and we 
look forward to the next executive decisions with lively anticipation. 

Sir Maurice Fiennes 

John L. Young 

November, 1972 
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SUMMARY AND RECOMMENDATIONS 

Section A of this report is summarised in Article 1, Section B in Article 2 
and Section C in Article 3.    In order to make clear the context of the 
recommendations they have been included in this Summary and underlined;  the 
relevant main report references have also been given. 

1.    The existing indu «try, its performance and possible short 
term improvements (Section A) 

1.1 Structure oi the industry 

For the purposes of examining the implications for the long range planning 
of the iron and steel industry in Brazil, we are not only concerned with the 
industry as it exists today but also with developments which have been sanctioned 
(up to October 1971) and which will, therefore, be implemented in the next few 
years   -   say, by 1980. 

The present structure of the industry is broadly as follows:- 

Type of works Number of 
works 

Output in 
1971 (millions 
of tonnes) 

Non-integrated 6 

Semi-integrated 25 ) 
) 5.7  steel 

Integrated 16 ) 

Pig iron from small charcoal 
furnaces                                       a\ )prox.      65 0.7 iron* 

In terms of finished product output, 55 percent of the 1971 production was 
flat products, the remainder being non-flat.    The flat product output is produced 
by three large companies (CSN, Usiminas and Cosipa), whereas the non-flat 
output is produced by 44 works of capacities ranging from 4,000 tonnes per year 
to 500,000 tonnes per year.    In 1971,   97 percent of the industry's output was 

(* Output primarily used by foundry industry.) 
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produced in the "steelmaking triangle" of Sao Paulo, Belo Horizonte, and 
Rio de Janeiro. 

The existing (1971) finished product annual capacity of the industry is 
4.9 million tonnes and on the basis of the developments now sanctioned this 
will have increased by 1930 to 9 million tonnes.    The major part of this increase 
will take place in the flat product sector :- 

Capacity (millions finished tonnes) 

1971 by 1980 

Flats 2.3 5.3 

Non-flats 2L6 3.7 

Total: 4.9 9.0 

The Government has a majority shareholding in seven steel companies 
which includes the three flat product companies and four non-flat product 
companies (Acesita, Cofa vi, Cosini and AFP).    The rest of the industry is 
privately owned and the two biggest non-flat companies (Mannesmann & CSBM) 
have predominantly foreign ownership. 

The major part of the research and development activity at company level 
is carried out by CSN and Usiminas, whilst at national level it is carried out by 
Associacao Brazilcira de Matéis (ABM), and Instituto Bra/ileiro de Siderurgica 
(IBS), together with several universities.    Several companies have significant 
personnel training programmes and a number of the larger companies have 
technical "know-how" agreements with some major foreign steel producers. 

1.2 Ironmaklng 

There are at present some 6 modern slot-type coke oven plants and one 
"beehive" type.    These will be increased by 3 to a total of 10 by 1975.    The 
three flat producers will each have installed one new plant by 1975.    Coke is 
now produced from a blend of imported and domestic metallurgical coals (some 
20 to 30 percent).   The output achieved from the existing installations, at some 
0.7 to 0.8 tonnes per cubic metre per day, is close to the output achieved by 
world leading cokemakers.    The main opportunity for improvement in Brazil 
lies in reducing present cokemaking costs, by using selective preparation to 
permit the use of seme non-coking cools in che coal hi en ri   -_ up to 40 to 50 
percent has been used at some phnts.    Further investigai ions should be made 
into the maximum proportion that can be used under Brazilian conditions. 
(Chapter 3, Article 3.1). 

By 1975 Brazil will have some eleven sinter plants ranging from capacities 
of 100,000 tonnes per year to 2.5 million tonnes per year.    Seven of diese 
plants are of the continuous type fed with coke breeze and the remaining four 
are semi-continuous fed with charcoal fines.    The outputs of the continuous 
plants range from 23 to 3d tonnes per square metre per day and of the semi- 
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continuous, 12 to 27 tonnes per square metre per day;  of these the high outputs 
arc in line with good modern practice.    The lower output levels can he increased 
hy improving the si/;"; and mixing of the sinter plant feed.    (Chapter 3, 
Article 3.2). 

There are at present 27 blast furnaces in operation and by 1975 there will 
be 31.    In 1975 some 87 percent of the pig iron output will be from coke practice 
on larger hearth diameter furnaces (10 to 12.5 metres) and 13 percent from 
charcoal practice on smaller hearth diameters.     Present burdens use high grade 
indigenous lump ore and sintered fines.     The use of sintered fines will increase 
and soon oxide pellets will be included in burdens.    The blast furnaces operating 
on coke have blast furnace output indices ranging from 44 to 58, which compare 
unfavourably with gout! modern practice, whereby outputs of 100 arc achieved; 
they also have coke rates which lie between 460 and 635 kilogrammes per tonne 
of hot metal, which arc high by world best standards.   The blast furnaces operating 
on charcoal also have outputs which fall short of today's achievements. 

Improvements in the output indices of the coke practice furnaces may be 
achieved by :- 

(a) Removing fine materials of less than 10 mm from the burden, 
by providing adequate screening facilities prior to charging 
the furnace. 

(b) Carrying out: metallurgical tests to determine the optimum 
particle su,e of the burden materials, and applying the results. 

(c) Using 100 percent sinter burden. 

Reductions in coke rates may be achieved by :- 

(a) Using direct fuel oil injection, particularly since Brazilian 
fuel oil has ;i very low fnilphur content.    A rate of 60 kg per 
tonne of hot mei.al should be attempted. 

(b) Making provisions for the use of an oxygen enriched blast. 

(c) Using higher blast tern pera lures and top pressures. 

For charcoal practice furnaces the output indices can be increased by 
improvi Tig the comesi! ion and sb.ing of tin; burden, and charcoal consumption 
rates can be reduced by I'uei and charcoal hues injection. (Chapter 3, Article 3.3) 

1.3 Steelmaking 

In 1971 some 6.0 million ingot tonnes were produced.    On completion of 
the present development plan,  steelmaking capacity will be about 10.8 million 
tonnes per year, 67 pertu nt of tins capacity being BOF, 24 percent electric arc 
and the remainder open hearth.    The capacity increase in the flat sector will 
be by the HOF process whilst that in the non-flat sector will be primarily by 
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the electric arc process.    The electric arc plants will be able to use some 
sponge iron asa feedstock when the new SL/RN and HyL direct reduction 
plants come into production. 

The existing BOF plants achieve tap-to-tap times varying from about 
57 minutes for the 25 tonne vessels to 35 minutes for the 70 tonne vessel, 
although a 75 tonne vessel is operating on an 80 minute tap-to-tap time, 
primarily due to shortage of hot metal.    Oxygen consumption (ranging from 
70 normal cubic metres per tonne for small vessels to 50 cubic metres for 
large vessels) for the large vessels compares well with modern practice. 
Refractory consumption (some 3.75 kg per tonne and 400 heats per lining) could, 
because of the high intrinsic quality of the refractories, be reduced.    In order 
to achieve high performance levels the following should be ensured : - 

Satisfactory material flow through plant; 

adequate supplies of hot metal; 

adequate supplies of scrap; 

adequate suppii.ee; of oxygen; 

casting facilities capable of receiving maximum output 
of molten steel; 

improvement in quality of refractories. (Chapter 4). 

For the open hearth furnnces outputs are in general low (some 4 tonnes per 
hour for 20 to 60 tonne furnaces and 27 tonnes per hour for 200 tonne furnaces), 
primarily due to inadequate scrap handling and charging arrangements. These 
should be improved.    (Chapter 4). 

For the electric arc furnaces outputs range from 0.5 tonnes per hour for 
furnace capacities up to 4 tonnes to 8 tonnes per hour for 40 tonne capacity 
furnaces.    Outputs vary a great deal due to varying conditions in hot metal and 
cold scrap charge, plant layout and supporting ancillary services.     Power 
consumptions ranging from some 600 to 700 kWh per tonne are high by modern 
standards, primarily due to poor quality and low density scrap. 

Im provem cuts should be m ade in scrap purchasing, sorting and 
baling procedures, together with furnace charging procedures.   (Chapter 4). 

1.4 Casting and rolling 

The present predominant use of ingot casting will liave changed by 1975 
when the flat product sector will begin to produce a large tonnage of continuously 
cast slabs and the non-flat sector will considerably increase its production of 
continuously cast billets.    The number of machines installed will have increased 
from 3 to 9 and heat sizes will be some 150 to 200 tonnes instead of 15 to 40 
tonnes. 
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Tlic large flat product mills which roll both plate and strip operate 
significantly under capacity due to shortage of steel, leaving finishing equipment 
standing idle.    Over half the flat product mills were commissioned prior to 
1955. 

There are some 72 mills in total in the non-flat sector, including 41 primary 
mills, 30 general mill complexes and 1 medium heavy section mill.    Mill yields 
vary so much from one plant to another due to different product mixes and methods 
of operation that it is not possible to generalise about output achievements. 
Nevertheless, orn()^t»niri_ej_exi&;L^ojncrease outputs by minor investments in 
pilcar::, cooling ^^^'»J^^^aj^igjurnaces and rationalisation oTproduct mix - 
the area of investment depending on the paiiicular mill.   (Chapter 5, Article 5.2). 

1.5 Efficiency of plant and labour and quality control 

In general ironmaklng, steclmaking and rolling plant tend to operate at some 
40 to 80 percent of their rated capacity.    Since the data used was based on rated 
capacities assessed some time ago, plant efficiencies may have been overstated 
rather than understated.     Ml[ efficiencies could be improved by alterations in 
maintenance methods a"d_the pi'ov.ision of spire parts.    Steclmaîdngpïant 
efficiencies could be signi ficaittly improved by reducing the periods whenhot 
metal is not avai'able.    (Chapter 6, Article 6.1). 

The industry at present employs some 8?, 000 people and produces about 
6 million ingot tonnes.    Labour productivity tends to be somewhat higher (some 
84 to 130 ingot tonnes per man per year) in the integrated flat product sector 
than in other sectors (on average some 60 tonnes per year per man).    Clearly 
íli£E£jjLs?£P^ schemes should be 
introduced jni:o_those works \vhiclnu-osently "have none.    Also, action"nceds to 

Í^-Íilh.c -Ji llLiiliLXíílíj"! ! • {. IS^'-P LH2_ì21 !rc !ll '¿il" 2-J]ü^.j: 'I.;1 J i '£< h i.- » t e s and technical college 
students to enter ilio steel industry.    (Chapter"6~Artïcïe~6.T). 

As regards product quality, international standards are at. present used but 
discussions concerning the produci ton of a comprehensive national standards 
system are now taking place.    Quality control is presently undertaken by only a 
few companies with adequately staffed and equipped departments.    In general, 
quality control needs _toj3C_inm^^       jis jmjicated by consumer complaints, and 
advice should be obtained on this.    (Chapter 6,   Article "oily! 

TojjnprayjyTerJbi^^ and 
EHÏl£££i'i2L^.l^^ "   should be obtained. 
In the case: of consul ti i u.^aj^jgmn nits, the eon- ulemts recommendations with 
regard to achievable standards of performance should be pix^Tsëtyspëcified. 
The industry -should seek advice on what should be done to improve quality! 
(Chapter 6, Article 6.1). 

J?î!.Ë.! x}f Uli? I?.?':.mont information system_s_arejhjad£f|uatc a n d ad vi e e should 
be obtained on estable; ; ling an indu. ,:try -wide uni form system of reporting"añd 
cost control.    (Chapter 6,   Article 6.2). 
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Opportunities for rationalisation of production, particularly in the common 
steel non-1 kit sector, should be closely examined.   (Chapter 6, Article 6.3). 

The potential for Brazil of new manufacturing processes should be carefully 
evaluated.    (Chapter 6,   Article 6.4). 

2.    Technological and commercial trends in world iron and steel industry 
(Section D) 

2.1 Iron ore processing (Chapter 7) 

The proportions of lump ore, sinter fines and pellctising fines used are 
dictated both by the characteristics of the ores available and by commercial 
considerations,    liiere is an increasing demand for higher grade raw materials 
and the me;in grade of lump ore remains more or less constant, but the 
consumption of concentrated and agglomerated fines is rapidly increasing. 

By 1980, consumption of sintered fines in Europe is expected to rise to 
about 140 million tonnes per year and consumption of pellets to 30 million tonnes. 
In Japan, an early increase in agglomerating capacity is expected, to reduce 
Japan's dependence on Australian lump ore.     In the United States consumption of 
pellets has increased by 200 percent and in Canada by 600 percent in the past 
ten years, during winch period sinter consumption was unchanged.    These 
trends are expected to continue. 

The practice of superfluxlng sinter, whereby all the required lime is added 
to the sinter by blending iron ore fines with finely crushed limestone and coke 
breeze, is expected to grow considerably. 

The trend in sinter plant development is towards larger continuous 
travelling grate plants, of which the largest arc at present five metres wide 
with grate areas up to 500 .square metres.     The majority of plants achieve 
outputs of some 35 to 40 tonnes per square metre per day. 

Unit sizes of pellet plants now exceed two million tonnes per year capacity, 
and some large North American installations consisting of a number of units 
have capacities of some ten million tonnes per year.    The main technical 
developments involve the cold bonding of pellets as an alternative to firing, but 
the pellets need four to five weeks to reach full strength and do not travel so 
well as fired pellets, so their use is likely to be limited to situations where a 
minimum of handling is required.    The largest plant now operating is in Sweden, 
its capacity being 1.5 million tonnes per year. 

2.2 Cokemaking (Chapter 8) 

The rising cost of metallurgical coke has stimulated a great deal of research 
and development work concerned with optimum coal blends for coking.    The 
decreasing sales of by-products has also stimulated greater interest in methods 
of cost reduction. 
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There is a trend towards using coal blends which contain about 27 percent 

volatile matter since this tends to give optimum results.   Selective crushing 
to obtain more uniform particle size is now uscii in France,  India and the USA, 
and should in many situations reduce overall process operating costs. 

Drying and preheating the coal charge not only results in an increased output 
but also creates the opportunity to increase the proportion of weakly coking coals 
in a blend without any reduction in coke quality.  A further suggested result of 
preheating, not confirmed by all tests, is to reduce the sulphur content of the coke. 
Where pollution control is essential we expect the pipeline charging of preheated coal, 
now used in the USA, to be adopted in preference to the smokeless charging car 
method. 

In order to raise the capacity of ovens, there have been increases in both 
length and height of ovens.   Some difficulties have been experienced particularly 
with the 7 metres high ovens operating in Japan, but the trend to higher ovens appears 
to be well established and most new ovens are now 6 metres.   Oven lengths are 
not expected to increase much beyond the now current 1 5 metres. 

Efforts are also being made to increase the output, as well as the capacity, 
of cok; ovens.   High density silica bricks have been used and are said to increase 
the carbonisation rate by some 20 percent.   A similar increase has been achieved 
by having a thinner oven wall. 

2.3 "Formed" coke (Chapter 9) 

Formed coke is made from carbonised or partly carbonised non-coking or 
weakly coking coals and has been developed as an alternative to using metallurgical 
coke as the principal reductant.   The required mechanical properties are provided 
by briquetting before or after carbonisation.   Most development has taken place on 
three processes - the Bergbau-Forschung (BBF), the Food Manufacturing 
Corporation (FMC), and the Sapozhnikov processes.   The B13F, developed in 
Germany, and the Sapozhniknov process, developed in the USSR, both use 
some coking coal which simplifies the processes somewhat in comparison with the 
FMC process for which the charge can be entirely non-coking.   Formed coke 
can be made with properties similar to those of conventional coke.   One advantage 
of formed coke is the ease with which briquette size and shape can be controlled, 
thus influencing the voidage characteristics of the burden.    Blast furnace performance 
trials are not yet readily available.   The indications are that formed coke can be 
used as a substitute for metallurgical coke with little effect on the coke rate and 
its use will, therefore, primarily depend on the relative costs of the two materials. 
The commercial production of formed coke is likely to be adopted in countries 
which have no suitable coking coals but do have non-coking coals of suitable analysis. 

2.4 Blast furnace ironmaking and electric smelting (Chapter 10) 

Blast furnaces are now being built with capacities of up to 11,000 tonnes per day, 
and the size of blast furnaces is not likely to increase any further.   The process 
is used for about 99 percent of the world's iron production, and in future development 
trends are likely to involve efforts to achieve further reductions in coke rates and 
increases in throughput. 
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Coke rates have fallen from some 1500 kg per tonne of hot metal in 1920 to 
around 500 kg per tonne of hot metal in .1970.    The most rapid decline was 
achieved during the years 1938 to 1964, when oil injection was first used, leading 
to a total fuel rate of about 500 kg per tonne of hot metal.    The effect of oil 
injection on furnace productivity is such that it can be justified on all blast 
furnaces where coke costs more per tonne than oil.    Gas injection is used to 
a limited extent (mostly in the USSR), and there are some locations where 
acceptable non-coking coals can be mined and transported at a price which 
justifies coal injection, although the injection is likely to be In the form of an 
oil/coal slurry. 

Improvements in furnace practice can be achieved by oxygen enrichment, 
high blast temperature and high top pressures.    Most large modern blast furnaces 
are designed to Incorporate oxygen enrichment but more interest is now shown 
in high blast temperatures, at around 1200 to 1250 C. 

Burden preparation, involving the charging of smaller and more uniform sizes 
of lump ore and sinter, can increase productivity significantly, as can the 
replacement of lump ore by pellets. 

Where marginally increased outputs are required from an existing blast 
furnace, reduced pellets can be used;  for every ten percent metallisation of the 
Fe burden, an increase in production of some six percent accompanied by a 
decrease in coke rate, also of about six percent,can be achieved. 

Due to the fact that the blast furnace can only be an efficient desulphurlser 
at the expense of higher coke rntes and higher metal temperatures, desulphurisation 
is now normally done externally to the furnace, which is operated at a consistent 
hot metal temperature. 

There are two established electric smelting processes, both developed in 
Norway; of these Elcktrokcmiskhas economic advantages over the Tysand-Hole. 
The Tysand-Hole has a low shaft electric furnace into which lump ore and sinter 
and coke or charcoal are continuously charged and produces liquid pig iron which 
can be converted to steel by the BOF steelmaking process.    However, consumption 
of electricity is rather high (at some 2200 kWh per tonne of hot metal), which has 
led to the development of the Elektrokemisk process which involves the electric 
smelting of a prereduced iron ore charge with non-coking coal or charcoal 
and limestone. 

2.5  Direct reduction Ironmaking (Chapter 11) 

Direct reduction processes generally use fuels other than coke and produce 
sponge iron.    The development of many different processes has enabled relatively 
small scale non coke-using steel plants to be established in a number of countries. 

Several of these processes use natural gas, liquified petroleum gas or straight 
run naphtha.    The aim of perfecting a fluidised bed process using ore lines has 
encouraged development of gaseous processes, but difficulties associated with the 
fluidised bed have resulted In four of the five significant processes using pellets or lump 
ore. 
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The HyL process has four reactors to reduce lump ore or oxide pellets to 
some 87 percent metallisation using natural gas as the reductant.    This 
process was developed in Mexico where natural gas was cheap at 1.5 cents 
pec therm and has proved a commercial success.    Where natural gas is not so 
cheap, part of the gas may be replaced with oil.   Naphtha can also be used but 
this requires a somewhat more complex plant. 

The Midrex process also uses natural gas and is continuous in operation, 
reducing oxide pcl'.ets to over 92 percent metallisation.    Three plants are 
presently operating but the process has not yet been commercially proven. 

The Armco process is metallurgically similar to the Midrex process but Is 
a batch process. The first plant is under construction and is expected to be in 
production in 1973/74. 

The Purofer process also reduces lump ore or pellets in a shaft furnace, 
using reformed natural gas;   it is a batch process like the Armco, and the first 
plant is under construction. 

The Orinoco HIB (High-iron Briquette) is the only fluidised bed process to be 
developed for large-scale commercial operation.    The process is continuous and 
reduces iron ore fines of less than 0.6 mm by means of a reducing gas.    One 
plant is operating in Venezuela. 

There are also direct reduction processes which use solid fuel as the 
reductant.    The most important is the SL/RN process, which is claimed to be 
capable of producing 97 percent metallisation in high grade ores and uses a 
charge of sized lump ore or oxide pellets together with non-coking coal.    Two main 
types of problem have been encountered with this process - one associated with 
the physical and chemical reactions and the other witli instrumenting and monitoring 
temperature profiles in the long kilns.    Although it was hoped that the process would 
operate satisfactorily on any quality of coal, certain characteristics - particularly 
the ash fusion temperature of the coal - have in practice been found to be important. 

2.6  Hot metal steelmaking (Chapter 12) 

The advantages of the basic oxygen furnace process (BOF) have brought about 
a rapid decline in the use of the open hearth process, presently accounting for 
some 30 percent of world steel production, and the Bessemer (Thomas) process, 
which accounts for only 5 percent of world production. 

Sizes of BOF furnaces have progressively increased, 350 tonnes being the 
largest in operation at present.    Since two 300 - 300 tonne furnaces will have 
sufficient output for a five to eight million tonnes per year capacity steelworks, 
there is no strong incentive to increase furnace size, especially since this can 
raise material handling problems and difficulties in matching continuous casting 
capacity.    The most common plant configuration is two furnaces operating out 
of three, but there is a trend towards thrce-out-of-four operation. 

Reduction in tap-to-tap times has been the most significant development In 
recent years.    The designed BOF cycle time has been reduced from I hour to 
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about 40 minutes and with the full development of on-line computer control, and 
improved materials handling, the cycle time of furnaces of over 100 tonne capacity 
may be reduced to 25 minutes. 

I 

The Thomas process continues to be used in some West European countries 
to handle high phosphorous ores, although no new plants have been installed 
since 1955.    Ire ceasing interest is being shown in the development of bottom 
blown processes, such as Q - BOP and CBM.     Certain advantages over the BOF 
have been claimed. 

Although the open hearth process is technically very flexible in that it can 
handle hot or cold charges with almost any mix of hot metal, pig iron and scrap, 
and produce a very wide range of steels, the conversion cost is some 50 percent 
more than die BOF process.    Recent attempts to improve performance have 
centred on the use of oxygen and the Tandem furnace.    Oxygen injection can 
result in a 15 to 25 percent gain in productivity with a decrease in fuel costs 
of 15 to 20 percent.    The bottom blowing technique is also now being applied to 
open hearth furnaces. 

The main development in the future is likely to be in continuous stcelmaking 
using, say, a WORCRA type process, resulting in a continuous process chain 
from the blast furnace through to the continuous casting plants.    The WORCRA 
process, developed in Australia, involves the counter flowing of metal and slag. 
The IRSID process, developed in France, has metal continuously introduced at 
the bottom of a chamber blown with an oxygen lance, the slag-metal emulsion 
flowing through an opening into a decanting  chamber where the slag and metal 
separate.    Both processes have operated on a pilot plant scale, but are unlikely 
to achieve commercial scale within the next ten years. 

I 

2.7   Cold metal stcelmaking  (Chapter 13) 

The main process used in bulk cold metal stcelmaking is now the electric 
arc and new developments are directed towards increasing unit outputs and 
reducing electricity consumption. 

The main development: has been in increased power ratings and ultra high 
power (UMP) furnaces now have power ratings of 250 to 100 kVA per tonne of 
capacity;   smaller furnaces may have 500 kVA per tonne.    These high power 
ratings result in tap-to-tap times of l\ hours when making common steels from 
scrap, with single slag practice and oxygen lancing.    Migli power ratings impose 
heavy loads on a power system and voilage smoothing equipment has been developed 
to alleviate the problem.    A further solution developed in Sweden and meriting 
consideration in certain circumstances, employs two furnace shells, one fitted 
with an electrode roof and the other with gas burners;  this results in electricity 
consumption being reduced to around 330 kWh per tonne. 

I 

Hydraulically powered shearing and baling machines and specialised 
fragmenting plant have been the main developments in scrap handling.    Heavy 
scrap cutting by large shears with blades of four metres have allowed squeeze 
boxes to be omitted.    light scrap is now normally baled into weights of up to 
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seven tonnes and one special press makes 60-tonne bales.    A new development 
for light scrap involves press forming into a log followed by shearing. 

The Proler fragmentising plant foe car hulks and domestic appliances is well 
proven but needs a large supply of scrap.    Fragmentation followed by magnetic 
separation is not always capable of reducing car bodies to an acceptable residual 
copper level of 0.2 percent.    The ripper-shredder has given better results and 
can reduce copper levels to 0.12 percent. 

Turnings,which are the least acceptable form of scrap because of oil and 
non-ferrous coni animation, can be briquetted, but continuous roll forming processes 
are now under development.    Oil can be removed by drying or centrifuging with 
95 percent effectiveness, and a new method involving naplha rinsing and recycling 
has recently been developed. 

Although the electric arc furnace can also be operated on any percentage of 
reduced pellets - given not less than 85 percent metallisation - it is not usual 
to operate with more than 80 percent pellets, 20 percent scrar .    Using reduced 
pellets, the furnace can be charged continuously and the power input increased; 
although electricity consumption increases, improvements in productivity 
of about 1 2 percent can be achieved due to smoother and faster melting and 
decreased charging time.    If ultra high power is used, the cycle time of large 
furnaces can be further reduced to significantly under two hours.   The use of 
reduced pellets also reduces electrode consumption and oxygen consumption 
during refining, and because of the lower impurity level In the charge, cleaner 
steels are made. 

2.8  Casting  (Chapter 15) 

The choice lies between ingot and continuous casting.   For the production of 
killed and semi-killed steels for strip and plate production, and for common bar 
production up to one or two million tonnes per year, continuous casting is 
generally the more economic choice. 

The main developments in ingot casting have been in the materials handling 
aspect with ingots being cast in moulds travelling on bogey units which circulate 
continuously from the casting bay to the combined stripping and mould preparation 
bay. 

Adoption of continuous casting has taken place steadily over the last twenty 
years and there is now some 50 million tonnes of capacity In existence.    By 
means of ladle preheating, efforts have been made to increase the capacity of a 
given machine, otherwise restricted by die maximum allowable ladle pouring 
time of some 70 minutes.    Casting speeds for slabs are generally in the range 
1000 to 1500 mm per minute, speeds increasing with reducing cross-sectional 
area.    The maximum number of strands in use is now eight for billets and blooms 
and four for slabs, and a number of back-to-back machines have been designed to 
overcome the limitation of a large number of strands in one machino.    Due to 
the high solidification rates and small cross sections, compared with those of 
Ingot casting, the continuous casting of other than a fully-killed steel is difficult, 
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but ts being achieved In the USSR. 

A significant development In continuous casting Is "non-stop" or "continuous 
continuous" casting whereby ladle after ladle is cast with only momentary stops. 

In order to solve the problem of single machines needing a complete range of 
moulds in order to produce a range of sizes, variable geometry moulds have been 
designed for slabs;  these have yet to be made entirely successful. 

Future developments are most likely to lie in the direction of a horizontal 
mould machine and pressure pouring which involves pressuring the steel In 
the ladle and forcing it up a refractory lined tube into the mould. 

2.9 Rolling   (Chapters 16 to 18) 

The three main factors which have to be taken into account when specifying 
rolling mills are product range, dimensional accuracy and required capacity. 
Capacity and range of rolled products compete for priority, the present trend 
being towards spécialisation and a more limited range of products.   As more 
specialist mills become justified by increased product demand, the multi-product 
mill has to roll an Increasingly varied selection of products. 

Most of the large capacity slabbing mills now being built are universal mills 
with driven vertical rolls in close proximity to the horizontal rolls.   'Fills type 
of mill produces slabs with good square edges and also requires tilting facilities 
on only one side of the mill.    Developments have Involved the automatic 
positioning of ingot buggies, tandem rolling techniques and slab cooling systems 
which have reduced scale losses and the amount of cooling yard space. 

The main development in blooming mills lias been the use of automatic pre- 
set programme controls - also applicable to slabbing mills. 

Modern high production billet mills now have, say, ten alternative vertical 
and horizontal stands with lateral take-off lor the larger sections.    Extensive 
finishing departments for automatic Inspection and non-destructive testing are 
now often dictated by market requirements. 

"Continuous" forging of billets at fairly low outputs can be achieved by the use 
of swing forges.    However, certain processing problems still have to be solved. 

The demand by shipbuilders for wider plate has stimulated the building of 
four-high plate mills up to four metres in width, equipped with back-up roll 
bending devices for the control of lateral gauge, shape and crown.    The use of 
plate for structural sections has prompted the building of universal plate mills. 
The plates can be coiled or transferred flat to cooling banks which have equipment 
to maintain straight edges on the plate which is then ready for welding without 
furdier preparation.     Plate less than one metre in width can be rolled more 
cheaply on two-high plate mills. 

The increasing demand for better quality strip, that is strip of more accurate 
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and uniform gauge, better surface finish and metallurgical properties, has J)een 
met by installing more roughing stands (five or more) in the hot mill, more 
finishing stands (usually seven) and by using automatic gauge control and on-line 
computers.    Strip mill power inputs have increased considerably.    Slab reheat 
furnaces now have more heating zones (five zones) and walking-beam traversing 
gear and discharge extractors have been developed.    At the exit end of the mill, 
laminar flow water cooling between the last finishing stand and the coiler is now 
used and additional coilers are placed some -10 metres away front the mill for 
very thin gauges.     The need of smaller developing countries for a low-cost 
small-ouput mill has received a great deal of attention;  a wholly satisfactory 
solution has not as yet been found, although the Steckel mill and Sendzimir 
planetary mill can be suitable choices in certain situations. 

Cold strip mills now generally have five or six instead of three of four stands. 
Most development has taken place in gauge control methods.   Hydraulic roll 
gap control is employed giving greater accuracy and speed of response than 
electric screw down systems.    Much progress has also been made with on-line 
computer control.     For small-scale plants, strip can be successfully rolled in 
a single-stand reversing mill and the Sendzimir cluster mill is particularly 
suitable for the cold rolling to thin gauges of special quality sheets, in particular 
stainless steel. 

Heavy structural mills now being built are mostly universal mills which 
give a structural section of better section module than earlier standard shapes. 
These mills can also be designed to roll rails, sheet piling sections and 
universal flats or plates of limited width.     An interesting development is the 
present construction by the British Steel Corporation of a continuous medium 
section and light beam mill with a capacity of some 500,000 tonnes per year. 
A continuous or semi-continuous mill is the usual choice where long rollings of 
a particular section are economic, but where this is not so, duplicate stands 
are often provided. 

Rail mills have not changed greatly in recent years, although one new 
development of note is a system patented by the French company, de Wendel et Cié, 
in which rails are rolled on a universal beam mill.    Nevertheless, it is more 
usual to keep the rolling of mils separate from other structural sections. 

Merchant mills with annual capacities of up to 500, 000 tonnes have been 
considerably improved with suffer stands, better bearings, increased rolling 
speeds and devices to reduce roll changing time. 

The speed of wire rod mills has increased up to 50 to 60 metres per second 
for 5.5 mm rod.     High finishing speeds, together with greater accuracy, have 
been achieved by the development of the "no-twist' finisliing block in which the 
last ten reductions or so, are made by pairs of rolls mounted at right angles 
to each other.    The demand by wire drawers for greater consistency ot physical 
properties has been met by the"Stelmor" system of controlled cooling.     Also 
heavier coils have been demanded and this has been achieved by rolling 5.5 mm 
rod from 80 mm or 90 mm billets (instead of 48 mm) this requires more rolling 
stands in the mill.     The trend towards rolling 12 metre long billets lias 
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necessitated the redesign of reheating furnaces. 

2.10 Tube and pipcmaking_ (Chapter 19) 

The production of welded tubes and pipes has Increased much more than 
seamless tubes. Whereas a plant for welded tube can have an annual capacity 
of, say, 2, 000 to 20, 000 tonnes, an economically-sized seamless tube plant 
will have an annual capacity of at least 100, 000 tonnes. 

Large welded tube from 300 to 2500 mm diameter may be produced in a 
spiral tube mill from hot rolled coil.    Tubes from 12.5 to 100 mm diameter are 
generally produced on a longitudinal welded tube mill in which the feedstock, strip, 
is progressively formed into a tube shape through a series of rolls. 

Seamless tubes are produced from heated billets or blooms which are first 
pierced.    After piercing the partially formed tube is further processed in two 
or three-roll mills. 

The problem of high die wear in extruding tubes has largely been overcome 
by the use of graphite lubricants, although the process is normally used only for 
high value products such as high alloy and stainless tubes;  the Ugine- Se Journet 
process, which uses glass lubrication of the work p'ece, has made possible the 
large-scale production of extruded tubes. 

A variety of methods may be employed to finish tubes.    Stretch-reducing is carried 
out in a mill with 12 individually motored stands.    A burnish can be imparted to the 
surfaces of a tube by a reeling mill.    Correction of the shape and size of tubes can 
be done by pressure expanding;   or the diameter and thickness of tubes can be 
reduced by hot and cold drawing and where a high diameter reduction is required 
cold reducing can be employed. 

2.11 Coalings   (Chapter 20) 

The protection of thin flat products with tin and zinc is still the most common 
form of coating but newer materials such as chromium and plastic are gaining 
In importance. 

Production rates of tinning lines are now some three times as fast as they 
were ten years ago, and feedstock descaling is generally now done with hydrochloric 
acid to sustain the high line speeds.    Cold reduction is undertaken on five- or 
six-stand four-high mills and continuous annealing is now more usual than batch 
annealing, although the latter Is still generally used for drawing quality steels. 

The "Fcrrostan" or "Halogen" processes arc used for tinning, the former 
accounting for about 70 percent of world capacity.    However, the more costly 
Halogen process is faster (eleven rather than eight to nine metres per second) 
and there is an increasing trend towards its adoption.    Double reduced tlnplate, 
developed to provide a high strength, low thickness and low cost sheet, is growing 
rapidly in importance. 
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Tinfree steel Is beginning to contend with tinplate, due to Its comparatively 
low cost. Tinfree coatings which use ultra-thin layers of chromium and 
chromium oxide are interchangeable with tinplate for most applications. 
Production lines are now usually dual purpose tinplate and tinfree. 

Hot-dipping is still the most commonly employed method for galvanising but 
the more costly clectrogalvanising, which produces a very thin coating, has 
certain uses.     Faster lines (1. 6 instead of 0.5 metres per second) arc now 
installed and coaling thicknesses are controlled by air or steam jets. 

Organic coatings are laid on a hot-dip galvanised base and combine the 
attraction of a coloured finish with the corrosion resistance of a galvanised 
finish.    Modern lines run at some one to three metres per second and either 
employ PVC-plasttcols or acrylic resins.    The liquid-based processes (about 
80 to 90 percent of capacity) are likely to grow more rapidly than those based 
on pre-formed strip of which "Stelvetite" is an example. 

Aluminium coatings have been developed to provide high temperature 
corrosion resistance, whilst lead coatings find application In automobile petrol 
tanks. 

2.12  Special steels  (Chapter 21) 

'Hie bulk of the special steels made aro the austcnitic stainless (AISl 300 series) 
which have an appreciable nickel content.   Although still made primarily In 
electric arc furnaces, certain qualities have been made in bulk by the BOF 
process. 

Addition of alloying elements is made either  In the ladle or In the furnace - 
usually the latter for large quantities of alloying elements such as copper or nickel. 
The alloy content left in the liquid steel is affected by the degree of oxidisation 
of the steel when tapped, the amount of slag remaining in the ladle and the time 
in the process cycle when alloy additions arc made. 

Dcoxidisers such as silicon and aluminium are added to prevent or reduce 
carbon monoxide release during solidification of the steel.    Particular care has 
to be taken in the use of deoxidisers where a very clean steel Is required. 

As an alternative to deoxidising by chemical methods, vacuum degassing 
was developed particularly to cope with the increasing quantities of hydrogen 
resulting from basic, rather than acid, open hearth steelmaking.    A number of 
different processes have been developed which fall into lour categories - ladle,  steam 
circulation or ingot degassing.     A cheaper method than vacuum degassing has been 
developed termed gas flushing,  in which argon is bubbled through the steel in the 
ladle. 

The removal of non-metallic inclusions may be done by careful refining and 
vacuum degassing.    Slag washing by the Perrin process although primarily 
Intended to remove sulphur and phosphorous also effectively reduces Inclusions. 
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If steels with high performance figures for creep, tensile strength, fatigue 
resistance, or strength are required, special techniques have to be used. 
Vacuum melting and vacuum remeltiug can be used to make very pure alloy 
steels.    Electroslag refining produces a steel which is isotropic in Its physical 
properties and the remaining inclusions are consistently small and evently 
distributed. 

Two recently developed processes are plasma arc melting and electron beam 
melting, the latter reducing inclusions to an extremely low level. 

As an alternative to casting special steels in a vacuum chamber, oxygen 
pick-up may be prevented by shrouding the metal stream with an inert or 
reducing gas.    Most special steels can be continuously cast but protection from 
the atmosphere during casting Is most important. 

The main differences between rolling special and ordinary steels lie In the 
extra power requirement and the fact that continuous and semi-continuous mills 
are not appropriate, due to the small lot sizes - often only two tonnes - of 
special steels. 

The Steckel single-stand reversing hot strip mill Is often used for stalnle38 
strip;  the gauge variations, which used to be experienced, can now be ruled out 
by the use of hydra* lie precision gap control.     For cold rolling stainless strip 
the Sendzimir cluster mill is used. 

2.13  Miniworks (Chapter 22) 

The main advantages of miniworks, Invariably employing scrap melting In 
arc furnaces and continuous casting, are the utilisation of cheap scrap, the 
minimisation of transport and selling costs by serving a local market, and 
the minimising of overheads by producing a very limited range of products and 
using relatively simple low capital cost plant. 

The capital cost per annual product tonne is lower than that attributable to a 
similar product in a large integrated works.    A miniworks can be built for 
between $120 and :j>180 per annual product tonne;   some have been built for less 
than $100.    Careful matching of furnace and casting capacity with rolling capacity, 
together with the minimum provision of workshops, stores, laboratories, etc., 
achieves a low unit capital cost.    A miniworks can also be brought up to full 
production in perhaps half the time it takes to build an integrated works.    The 
cost of scrap will constitute about $29 per tonne in a total production cost, 
including all financial charges, that should be approximately $100 per annual 
product tonne.    Clearly the commercial results achieved by a miniworks will 
thus be very sensitive to scrap prices. 

The most important future development is the degree to which pre-reduced 
products will be substituted for scrap.    This will enable continuous charging to 
be practised and reduce power and electrode consumption.    It has been 
estimated that pre-reduced material will be competitive with scrap when 
90 percent metallised material is about $5 per tonne more than scrap.    The 
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relative prices of coke and electricity will also have a significant commercial 
impact on mlniworks developments. 

2.14 Pollution  (Chapter 23) 

Carbonisation of coal In coke ovens generates a large volume of tars and 
dusts which can present a considerable pollution problem.    It is now common 
to equip coal charging cars with mechanical or venturi wet scrubbers or to use 
a more refined system employing pipeline charging of ovens and a central wet 
scrubbing plant. 

The handling and treatment of dry raw materials produces large quantities 
of dust.    Dust suppression may be simply effected by a water fog technique or 
by the enclosure of dust producing areas and fitting exhausters and dust 
arresters. 

In blast furnace operation the main problem is the treatment of gas before 
It Is burnt;  this is normally done by wet scrubbing which leaves a contaminated 
water to be purified. 

Steolmaklng emits large quantities of fine iron oxide fume and dust.    In 
BOF steelmaktng, where 1.5 percent of total charge weight can be dust, 
electrostatic precipitators or venturi scrubbing are used to control emission. 

In rolling, the major contaminant is the scale and oil extracted by the 
cooling water;  clarification or flocculation and pressure filtration of the water 
Is necessary, depending on the degree of purity required. 

In strip processing, the major problem lies in the treatment of the spent 
pickle liquors which arc high in acid content;  considerable effort has been put 
into developing processes to recover the acids. 

2.15 Automation   (Chapter 24) 

The main benefits of automation are improved product quality, Increased 
process yield and better plant utilisation.    Integrated schemes are now being 
designed and built to enable all operations of an organisation to be controlled by 
hierarchical computer systems. 

Automation of raw material preparation can begin at the initial weighing and 
batching of raw materials.    Sintering has been automated and attention is now 
being given to pelletislng. 

Partial automation has been achieved in many coke oven installations. 

Complete automation of the blast furnace has not as yet been achieved due 
to the complex nature of the physical and chemical processes Involved. 
Nevertheless, many modern steelworks have at least one furnace fitted with the 
necessary instrumentation, computers and actuation equipment for fully automated 
control;  the systems operating the burden blending and the hot stoves are 
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operational but the main furnace systems are still under manual supervision. 

Automation of BOF steel making can be used to control oxygen volume for a 
given charge weight and steel quality and quantity.     In electric arc sleelmaking, 
the control system can be used for continuous monitoring of the power consumption 
to adjust the electrode position so that steady power inputs are maintained below 
penalty levels. 

Automation of soaking pits maximises throughputs and minimises heat inputs, 
while automation of reheat furnaces enables the feedstock to the rolling mill to 
be provided at the required temperature.    The main application of automation in 
rolling has been in the gauge control in hot and cold strip mills. 

The most rapid developments arc taking place in the production of robust and 
reliable Instrumentation for measuring change from pre-set values.    Control 
demands beyond the capacity of human reactions clearly require automation. 

Total automation of steelworks is not likely to be implemented for many years. 

2.16 Location of steelworks   (Chapter 26) 

Location decisions will depend on both the technological factors (e.g. operating 
and transport coots) and politico-economic factors.     The main technological 
factors are:- 

(a) Size and location of market 

(b) Availability and location of raw materials 

(c) Location of any existing steel industry 

(d) Availability of various forms of energy 

(c) Existing transportation network 

(f) Availability and location of infrastructure 

(g) Availability of skilled management and operatives 

(h)     Available processes 

Each location decision has to be considered on its merits and In the light 
of the conditions which obtain locally. 

2.17 Trends In the production of steel   (Chapter 27) 

The two main factors causing change in the pattern of world steel production 
are the increase in the size of the production units and the pattern of supply and use 
of raw materials. 

Whereas works of one million tonnes capacity were previously considered 
large, economic works of ten million tonnes capacity are now being built.    The 
advent of the BOP' process with its simpler and faster operation, together with 
large blast furnaces and reliable continuous casting plants have made these 
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large capacity increases. 

The major change in the pattern of supply of raw materials has been the use 
of imported foreign ores.    The decision to site a works on the basis of the 
lowest total cost of transport now often results in the establishment of a 
large coastal works.    The availability of coking coals caused a great deal of 
concern in the early 19C0's but the developments in processing coals now 
make It possible to use other qualities of which there are much larger resources. 

One trend of significance is the growing interest in establishing bulk steel, 
semi-finished product works close to the ore source and transporting the 
semi-finished product close to the market for rolling. 

2.18 Product development   (Chapter 28) 

A very wide range of steels with special properties has been developed In 
recent years to meet specific needs. 

Corrosion resistant common steels have been developed to resist marine 
corrosion, for example low carbon steels with large additions of manganese, and 
atmospheric corrosion by the addition of one half percent of copper. 

Cheaper heat treatable steels are the plain carbon quenched (PCQ) and quenched 
and tempered (QT) steels. 

The development of low carbon stainless steels of good weldabillty and 
workability will appreciably extend the use of stainless steels. 

The demand for steels for high temperature service has Increased the use of 
ferritic steels and high alloy Cr.Ni steels for temperatures above, say, 600 C. 

Steels for low temperature use (cryogenic steels) are the recently developed 
QT steels. 

Steels with special machining properties contain sulphur, lead or more 
recently tellurium. 

Special cold working properties are achieved by the use of "maraglng" 
steels containing 18 percent nickel and five to ten percent of other alloying 
elements. 

Hard wearing properties can be obtained by surface hardening treatments 
such as hard surfacing or flame hardening or by the use of bimetal, a material 
comprising steels of different qualities. 

2.19 Trends In consumption of steel  (Chapter 30) 

Economic growth has been achieved by countries through a number of 
different routes, which reflect the growth of different industries of different 
steel intonslveness.    Although títere is no strong link between the rate of growth of 
steel consumption per head and population growth there is a relationship between the rate 
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of growth and the actual level of consumption since a fast rate can more easily be achieved 
starting from a low consumption level.    Typically, therefore, compound growth 
rates of steel consumption per head from the period 1938 to 1968 have been of 
the order of 2 or 3 percent for those countries with steel consumptions per head 
in 1938 of 100 to 300 kg, and of the order of 7 to 8 percent for rhose countries 
with consumption per head in 1938 of from 20 to 90 kg. 

"Elasticity" of steel use (i.e. the compound growth rate of steel use per head 
divided by the compound growth rate of GDP) varies considerably from country to 
country,from 2.3 in Italy and 2.0 in Spain to 1.0 in the UK and 0.4 in France. 
The high elasticity in Italy was associated with large exports of consumer 
durables together with a shift in employment from agriculture to manufacturing, 
whereas the low elasticity in France was due to the major share of agricultural 
output in the GDP growth. 

The initial development period of a predominantly agricultural country 
creates a steel demand which is largely in the non-flat products - rails, sections 
and reinforcing bar.    This demand tends to be met by small scale re-roller 
and semi-integrated plants.     Mechanisation of manufacture and distribution 
accompanied by urbani sat i on promotes a big increase in demand for a large range 
of steel products.    Later, the effect of income distribution on urban standards 
and the mass demand for consumer durables determines die timing and location 
of the installation of large flat product works. 

2.20 Trends hi international steel trading  (Chapter 31) 

In 1970 about 100 million tonnes of steel products were traded Internationally 
out of a total production of about 590 million tonnes.    A part or this trade, about 
23 million tonnes, was conducted within community trading areas such as the EEC. 
The three major traders, who account for 72 percent of the international trade, are 
die EEC, Japan and the USA.    Li plate, Belgium/Luxembourg exports about 
87 percent of her production, Sweden exports 40 percent of her wire rod production 
and Germany, France and Japan export about 30 percent of their sheet and tinplate. 
Only the USSR is self-sufficient in steel and any large scale steel producer needs to 
compete with Japanese and EEC steelmakers. 

In general, real domestic prices of steel (after correction for movements 
in the whole price index) have been falling over the past decade, reflecting 
investment in steel capacity of some 800 to $1000 million per year during the 
period 1958 to 1968.    Export prices, which have fluctuai.K! considerably in the 
short term reflect marginal production costs but in the long term must reflect 
total costs.    The practice of differentiating between home and export prices, 
particularly within the EEC,  is diminishing.    The basing point system of 
pricing is economically desirable since it encourages works to concentrate their 
sales within their 'ones of influence, thus reducing unnecessary transport costs. 

Profitability of investment in steel tends to be called good or bad depending 
on die social values of the Government and business community concerned rather 
than on industry comparison between countries.    Ingenerai, though, a gross 
return(profit before tax, interest and depreciation) on total assets of some 12 to 
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13 percent appears to be appropriate to a modern iron and steel Industry when 
the technology has been consolidated.    Differences in gearing, interest rates, 
taxation and depreciation policies result in different allocations of the gross 
return when expressed as net profit available to equity shareholders.     For example, 
whilst gross returns on total assets in both Germany and Japan in 1968/69 were 
roughly similar (at about 12 percent) the net returns on shareholders funds were 
some 13 percent in Japan and 8.5 percent in Germany. 

2.21   Role of the developing countries   (Chapter 32) 

Whilst world crude steel production has increased by 69 percent (I.e. from 
350 to 590 million tonnes) in 1960 to 1970, steel production in the developing 
countries has increased by 180 percent (10 to 28 million tonnes).    Nevertheless, 
96 percent of the world's production is still made in the developed countries. 
There is a growing opinion that future large scale production may be split into 
two sectors, one for basic steclmaking to produce slabs, blooms or billets, 
situated close to the ore reserves and the other for rolling these into finished 
products located near the markets.     Those countries with large ore resources 
would have an important role to play in the development of such projects.    The 
large capital investment, human resources and training required to achieve 
a rapid transformation from a mining based industry to a manufacturing one is 
likely to require close co-operation, and possibly partnership, with the 
interested developed countries. 

3.     Long term planning for the Brazilian iron and steel industry (Section C) 

3.1 The market and industry capacity in 1980 (Chapter 33) 

The report made by Tcchnomctal in 1969 forecasts a Brazilian demand for 
flat products in 1980 of almost 5.8 million tonnes (actual consumption in 1 969 was 
just less than 1.8 million tonnes) and for non-flat products, nearly 5.7 million 
tonnes (actual consumption in 1969 was 1.9 million tonnes).    An allowance for 
exports has been fixed by CONSIDER at 12.5 percent of the forecast home demand, 
which will be 1.4 million tonnes in 1980 on the basis of the 11.5 million tonnes home 
demand forecast.     The production capacity required by 1 980 will be the sum of the 
Brazilian demand, the export potential and a contingency allowance for market 
fluctuations (also fixed at 12.5 percent of Brazilian demand) making a total of 
7.2 million tonnes of flat products and 7.1 million tonnes of non-flat products. 

The expected capacity of the industry in 1980 has been calculated on the basis 
of the existing facilities, excluding those due to be closed down, but Including such 
new installations as CONSIDER had authorised by September 1971.    It is also assumed 
that the capacity will reflect the recommended short term improvements described in 
Section A and the improvements implicit in the technological trends described in 
Section B.    The estimated flat product capacities (in millions of tonnes per year) in 
1980 will, on this basis, be as follows:- 

Hot metal 12.13 
Liquid steel 9.58 
Slabs 6.65 
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Plate 1.95 
Hot strip 4.90 
Cold strip 2.53 

Non-flat product capacities (in millions of tonnes per year) will be:- 

Hot metal 1.65 
Sponge iron 0.32 
Liquid steel 3.68 
Blooms 0.50 
Billets 3.27 
Wire rod 0.80 
Bars 1.65 
Light sections 0.30 
Medium sections 

and rails 0.73 

Production capacity for special steels is so sensitive to product mix that the 
forecasts can only be approximate:- 

Flat products       Non-flat products 
(millions of tonnes per year) 

Liquid steel 0.04 0.61 
Rolled products 0.04 0.52 

3.2  New rolling and semis capacity required  (Chapter 34) 

The capacity shortfall In tinning will by 1980 be some 500,000 tonnes per 
year and In cold rolling of tlnplate 400,000 tonnes per year.    In addition to the 
cold strip for tlnplate there will also be a shortfall of some 300,000 tonnes per 
year In the production of cold rolled sheet, which would probably be best met by 
a four-or five-stand tandem mill.    (Article 34.1) 

The shortfall In capacity for hot rolled strip, whether sold as hot finished or 
supplied as feedstock for cold mills, will be some 900,000 tonnes per year in 
1980.    Although a fully continuous strip mill would not be justified for 1980, It 
could possibly be required by the mitt 1980's.    (Article 34.1)    For plate there 
is no anticipated shortfall In capacity up to 1980. 

Capacity shortfall for slabs is some 1.4 million tonnes per year by 1980, 
which is probably best met by new continuous casting capacity.   (Article 34.1). 

The capacity shortfall in 1980 for wire rod will be about 800,000 tonnes per 
year, which Is likely to he provided by installing two specialist wire rod mills. 
(Article 34.2). 

For merchant bars the capacity shortfall will be 1 million tonnes per year 
met either by one, or perhaps two, speclallst merchant mills, or by mills to 
roll both wire rod and merchant bar.   (Article 34.2). 
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For light sections the capacity shortfall of some 160,000 tonnes per year 
Is unlikely to justify installing another mill.     (Article 34,2). 

There appears to be no absolute shortfall for medium and heavy sections, 
but the installed plant cannot produce heavy universal or parallel-flanged 
sections.    The planning of a universal beam will, however, need to take account 
of the growth in demand IK•yoncl 1 980, as the shortfall prior to I960 is unlikely to 
justify the Installation of such a mill. 

It appears that there will be a considerable shortfall In capacity to produce 
seamless tubes and this also requires further examination.    (Article 34.2), 

For blooms and billets the shortfall Is of the order of 0.5 million and 2.3 million 
tonnes por yenr respectively.     Whether this requirement Is met by ingot casting and 
rolling or con tin uoiis bloom casting and rolling or continuous casting of billets needs 
further study.    (Article 34.2). 

In special steels a considerable shortfall in capacity will occur by 1980 - 
some 200,000 tonnes per year in flat products and some 500,000 tonnes per 
year in non-flat.    The former will require the installation of two or three small 
mills, probably of the Send /ini ir du s ter type, while the non-flat products will 
mostly be produced on conventional bar m ills,  some with facilities for normalising 
or slow cooling.    The nier i t s of hire rolling of ingots against conti nuous casting 
of special steels should be studied.    (Article 34.3). 

3.3  New iron and steelmaklng capacity required   (Chapter 35) 

More precise statements can be made about the sl^e of plant, the type of 
process and the works location in the flat product sector than In the non-flat, 
where the Influence of scrap availability on location is much more marked. 

The choice between hot m etal and scraphased route s will depend on scrap 
availability which should be the subject of detailed study.    (Artlcle 35.1 ). 

After making a number of assumptions, which arc fully described in 
Chapter 35, the difference between the capacity required in 1980 and the 
existing plus planned new capacity in the flat product sector Is as follows:- 
(Article 35.2). 

Million tonnes per year 

Steelmaklng 0.11 surplus 
Ironmaklng 3.80    " 
Sintering 2.29 deficit 
Cokemaklng 0.65     " 

The overall capacity deficit in sintering reflects a situation of surplus 
capacity at CSN with deficits at Usimlnas and Coslpa.    Taking into account the 
Increases In demand that will occur following 1 980, there will be a need for the 
provision of large additional sintering capacity.     An alternative possibility would 
be to build a large pelletising plant at either Usiminas or Cosipa which could meet 
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the demand foe agglomeri red burden at both plants.    These options need further 
exam inai ion.     (Article .'ÌS .2). 

In cokemaking the overall deficit of 0.46 million tonnes per year reflects 
a small surplus at CSN and a deficit of 0.70 million tonnes per year at Uslminas, 

In the non-flat product sector, die capacity shortfall for making liquid steel 
for billets and blooms In 1980 will be between 3.1 and 3.7 million tonnes per year. 
None of the present works Is suitable for expansion, so that a new works will be 
required. 

In the flat product special steels sector, a large proportion of die shortfall 
in capacity for the manufacture of liquid steel will be of high carbon or low 
alloy types which can be made in conventional bulk steelmaking plants, but new 
plants will be required for stainless and high alloy steel.    (Article 35.4). 

In general, therefore, the flat product sector will meet its requirements 
principally by attention to operational performance, while the non-flat and special 
steel sectors will require the construction of new plants.    The additional capacity 
in the non-flat sector may be provided by one or more of the following process 
routes :- 

Blast furnace - BOF steclma.dng 
Direct reduction - electric arc steelmaking 
Scrap based electric arc steelmaking. 

For the blast furnace - BOF - continuous casting process route, design 
limitations primarily applying to continuous casting make it impracticable to 
cast billets with more than 100 tonne capacity ladles.    This tends to limit the 
steelmaking furnace to 100 tonnes capacity with preferably two furnaces working 
out of three or, increasingly, three out of four.    The maximum practicable 
capacity, therefore, of a blast furnace - BOF - billet casting works is about 3 million 
tonnes per year.    If, on the other hand, billets are rolled from continuously cast 
blooms then this constraint does not apply. 

One of the advantages of the direct reduction - electric arc route, namely the 
ability to handle iron ores which would cause problems in a blast furnace does 
not apply to Brazil whose indigenous ores are all suitable for blast furnace use. 
Although the need to import coking coal for use in the blast furnace would appear 
to give direct reduction a comparative advantage, there is no major supply of 
cheap natural gas in Brazil for anllyl process,   and the high ash content of 
Brazilian coals militates against the SL/RN process;   moreover, the absence 
of cheap electricity weighs against electric smelting.    Thus a comparative 
cost examination indicates that in Brazil there is not, in general, any strong cost 
advantage in choosing direct reduction and exceptional changes in costs would have 
to occur in order to make direct reduction competitive with the blast furnace at 
outputs of more than 1 million tonnes per year. 

1 For cold metal steelmaking,   the choice of process route will be the scrap 
based electric arc furnace.    Additional electric arc steelmaking up to a capacity 

xllv 

tf* 

I 



*v 
^ 

of about 1.5 million tonnes per year hy 19S0 needs to be considered.    Howevert 

scrap availability is likely to limit capacity to about half a million tonnes per year. 
(Article 35.5). 

Unless considerable changes are made in the types of product produced It 
will also bo necessary to construct substantial new special steelmaking facilities, 
most of which would be electric arc furnaces.    An accurate market assessment of the 
demand for the many different upes of special steeli is particiilarly important in this 
area.    (Article 35.4). 

In planning the various expansions in capacity that will be required, it Is 
recommended that note should be taken of the following technological developments. 
(Article 35.5). 

In DOF steelmaking 

In bottom blown oxygen steelmaking 

In electric arc steelmaking 

In blast furnace Ironmaking 

-    reduction in tap-to-tap time 

In sintering and pcUctising 

In cokemaklng 

In direct reduction ironmaking 

- ladle addition of alloying elements 
- fume control 
"    throe-out-of-four furnace operation 

- the development of processes such 
asQ-BOP," OHM and SIP 

- reducing tap-to-tap times by ultra high 
powe '* input 

- double furnace refining 

- improved burden composition 
"    trend towards 100 percent sinter or 

agglomerated burden 
- reduction in coke rate 
" oil injection techniques 
- developments in gas injection 
- the use of higher blast temperatures 
" the u•• ic of high to[>j)ressurc 
- the use of reduced products in the burden 

- the trend towards the production of self- 
fluxing and s 11 per fluxing sinter 

- developments in oxide pellet firing processes 

- selective crushing of coals in the blend 
" drying and preheating the coal blend 
- increased rates of carbonisation 
- developments in formed coke production 

- the progress of the HyL, SL/RN and 
Midrex processes should be carefully 
monitored. 

3.4  Strategic planning for the Brazilian steel Industry  (Chapter 36) 

The structure of the flat products sector will be determined by the following 
factors:- 
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(a) An estimated shortfall In capacity In 1980 of some 900,000 tonnes 

per year is expected to Increase, possibly rapidly, in the early 
1980's. 

(b) The next hot strip mill should be a fully continuous mill of at least 
3 million tonnes capacity. The location of the mill is an important 
matter for further study.    The future oí ilio existing hot mill at 
CSN, which by 1980 will be 34 years old, calls L'or consideration. 
(Article 36.1). 

(c) There Is expected to be a shortfall by 1980 in linplate and cold 
rolled sheet production. 

In the non-flat sector, the main points for consideration ater- 

ía)     Processes to be employed. 

(b) Unit sizes of plant to be installed 

(c) Location of plant 

(d) Timing of decisions 

Direct reduction costs are such that we envisage additional stcclmaklng 
capacity will be divided between the blast furnace - ÌÌOF processes and the 
scrap based electric arc furnaces._Thc balance between the two will depend 
largely on the ayajkibilky of scrap.   (Article 36.2). 

Most of the existing non-flat production capacity is located in the Minas, 
Rio de Janeiro and Sao Paulo regions, which is also where the major part of the 
increased demand in 1980 will arise.    To meet the demand for 3 to 4 million 
tonnes per year of hot metal, three different approaclíes need examining:- 

An Integrated works on an inland site 
An integrated works on a coastal site 
E) i spe r s c d p r od u c1 i on. 

A final choice needs to be based on careful evaluation of the precise nature 
of the market demand, transport costs and other economic and commercial factors. 
(Article 36.2).     Coastal sites are generally more favoured than m ine-based sites. 

On the assumption that a single large blast furnace will supply the total 
demand for additional hot metal based sieelmaking, and that it needs to be 
commissioned by 1 980, then preliminary engineering would need to be done in 
1973/4 preceded by any special studies recommended in this report.   (Article 36.2) 

The structure of the special steels sector cannot be fully determined 
without a more extensive study of the ma r ko t regit iron \cnts l'or special steels - 
especially stainless and grain oriented silicon sheet.    (Article 36.3). 

To ensure the smooth ov o rail expans i on of the industry, it is a Iso necessary 
to ensure that such items as raw materials, rcductants and refractories, which 
are common to all sectors, are available in the appropriate quantity and quality. 
(Article 36.4). 
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3.5  Development of capability for engineering and plant manufacture  (Chapter 37) 

We have considered how Brazil can develop a full capability for the whole 
sequence of operations involved in the engineering, design and construction of 
an integrated iron and steelworks. 

TtJjl-J2il£-I£-l!:^Lil}iLLPQ'^IIJ!>J\ A11 KS1 ]t takc thc_initiative in encouraging two or 
three of the lcüdim:- BniziJuin consult mgjem^ij^s^^ 
^çïvn()to'••j£aJ_aJ2Ü il v^o ^hcj^l^_i:oc£-útnicii t_£» broa cl or by seeking association 
:^iTx¿rjcnccd foreign firnis^.^^e^naj^b/J^ promote 
The formation of a small experienced study team.     (Article 37.1). 

The availability of engineers of the right experience is most often the 
limiting factor in steelworks construction.    JJ2gJ?lanncd_ scale of expansion 
in the Brazilian steel inudstry is such that the demands which will be made on It 
rnÂTsTunlkMibtcdly exceed the engineering resmiaxej^y^ 
degree of external assistance must be obtained.    (Article 37.2). 

There exists the çjr£ajbijjh:^jnjh;^ 
desigrTand const r u c t i on for tl ie type of projects envisaged in this re port.    In 
struct umlengineer ing_ the merit jof_ continuing to import heavy steel structures 
needs to be examined.    (Article 37.3). 

A full local capability in plant and equipment design is   not recommended 
as an immediate objective,    h^illv^iy^- equipment designs available 
from world sources should be used.    (Article 37.4). 

There is a strong castorjlojetojibigj^ 

econcMuy as well as dieJ£onjmdjsj^l_^ 
imdnTe^hajnxaJJin^ 
ärän""e"ai-ry"sta,ge arc refractory bricks and roll sjj^pj^ers^   (Article 37.5) 

In the medium and heavy plant manufacturing industries Brazil already has 
a production capability and it would be in the national interest to expand the annual 
output of these industries.     WÇjJig.ÇgIILQÎilllSlX'-lLJjL^.riL^il slloulci C(I»M> herself to 
supply most of the lighter machineryjeqmred siici) as blast furnace blowers, 
smal 1 Uirho-gencraters an^rjollhv¿miÍ"]_ej]uipju^nt_- all of which can be made In 
machine simps equipped with 1Ü or 20 tonne overhead cranes.    Heavier items 
such as rolling mill stand castings can be manufactured in only relatively few 
foundries in the world and facilities for manufacture within Brazil cannot be 
justified.    In overhead cranes for steelworks Brazil is already virtually self- 
sufficient.    (Article 37.5). 

Mill rolls of most kinds are now being made In Brazil but production will, 
of course, need to be expanded to meet the steel development programme.   (Article 

Most of the commonly used transformers, motors and switchgear can be 
supplied by the existing private industry.    In the case of the main drives and 
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control year for large reversing milla and for continuous mills we recommend that 
they are imported, although the possibility exists of manufacturing under licence. 
Similarly tho variable speed motors required for roller tables should be made 
in Brazil under licence.     (Article 37.7). 

3.6  Research and development (Chapter 38) 

The major consideration is the level of resources which should be devoted 
to research and development in the iron and steel industry.     Expenditure on 
research and development by world steel companies varies a great deal and 
the level of expenditure tends to correlate with the type of product rather than 
with the level of output.    We estimate that an appropriale target for research 
and development allocation in Bra /il in 1 980 would be in the range of $15 million 
to $25 million, implying sumo 2,400 men employed on these activities - that is some 
2 percent of the total workforce.   (Article 38.1). 

In gc neral, we ree omm end ti i i t the principal emphas is should be on 
development rather than re sea rcli and that the pace of basic research should be 
allowed to evolve naturally as inventive talent becomes available.   (Article 38.2). 

Research and development effort is at present developed through individual 
companies.    A central co-ordinatili;.;; and sponsoring body could do much to 
prevent wasteful duplication of effort and impose overall shape and direction 
on the cou nt ry's rese arch, although the activities of such a body should 
not in any way be directed so as to prevent any company from pursuing research 
independently.     (Article 38.3). 

It is particularly important that Brazil derives the maximum benefit from 
research anil development work undertaken in other countries, and it Is, 
therefore, essential to have a communication network which will monitor research 
and development carried out abroad and ensure ihat_t!üs in format ion together 
with the results of Bn/.ilian_rosoarch and development are channelled to those 
who need to use it.    (Article 38.6). 

Further,  it is important that selectivity and concentration of effort should be 
practised in research and development.    The a mount of effort devoted to each 
area must be sufticiei11 to maximise the chances of making a significant 
contribution to the industry.     (Article 38.6). 

Topics which arc recommended as particularly suitable for a Brazilian 
research and development effort inclucle (Article 38.6) 

Sintering -    development and use of supcrfluxed sinter 
"    savings in coke breeze 

Cokemaking -    selective crushing of cheaper coal blends 
-    formed coke manufacture 

Direct reduction ••    development o f t h n HyL, SL/RN and, 
possibly, Mid.:ex processes 
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Stcehnaktng 

Continuous casting 

- methods of improving operating 
performance 

"    the use of reduced pellets in electric 
arc furnaces 

- developments in the COM process 

- introduction of technology being developed 
in the USSR for continuous casting of 
rinurumï steels. 

Ì 

3.7 Education and training for the steel industry (Chapter 39) 

Establishing industrial capacity in a developing country makes great demands 
on die whole range of infrastructural institutions of which education is probably one 
of the most important. 

The capability for achieving the desired degree of training at all levels of 
operation and management in die industry already exists in Brazil; it requires 
mobilising to service the particular requirements of the steel industry. 

We recommend thatJju^tcd_hKlusj£y^hoid(l^rnake_an immediate detailed 
study of its nu»nagement and skilled and semi; s kU1 odjajbonr requirements during 
The next ten years_. This_inj£rma^<)ji_sl-.oui^ to plan education 
programmes in the various centres of learning.    (Article 39.5) 

3.8 Recommcndations for further action in planning the Brazilian iron and steel 
industry  "(Chapter 4Ü), 

The following additional action l»-£^-m-n29n(1cxila^ a rcsutt of tne analysis 
of the injpUcalioiis for Brazil of world technological trends in the iron and steel 
industry: 

An advisory panel should be set up to monitor and appraise world- 
wide plant design trends   (Article 40.1) 

TJTe_iiKlu^try_slp_uldjiiiake use of_ specialised planning consultants, to 
leave ßrazjlian planners greater freedom for analysis and evaluation 
of strategies   (Article 40.1) 

The industry should supplement its own manpower resources at times 
ofjjeak design eJïort_by_usiinj engineering consultants   (Article 40.1) 

Detailed studies should be put in hand as follows:   (Article 40.2) 

a mar_ket_/ product évaluât i on for packaging materials; 
a detailed sjut-\^^of_pipo ;!IK* tube products; 
a detailed sui:\ey of medium and heavy section demand; 
íñTcvaluation of different locations for a continuous hot strip mill, and 
tin plate_plant; 
a study of serap availability and utilisation; 
a study to determine the stcelmaking policy for the non-flat product 
sector; 
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a study of feedstock sources for special steclmaklng; 
a review of mtli capacity in the non-flat sector [n relation to steel 
qualities and products required; 
a study of the économies of rolling stainless and other special steel 
sheets; 
a study of product standards and quality; 
a study to specify performance indices appropriate to the industry; 
an e va 1 nation of the technical characteristics of transportation which 
are of importance to the steel industry; 
a study of the availability of fuel and reductants, with special reference 
to formed coke. 

The specification of performance Indices for the Industry should 
be completed at an early stage.    (Article 40.3) 

The strategy once established, must be continually reviewed and revised» 
(Article 40.3). 
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CHAPTER 1   - THE PRESENT AND PLANNED INDUSTRY 

1.1    The composition of the Industry 

The Brazilian iron and steel industry comprises some 113 works ranging 
from very small pig iron producers and re-rollers to large integrated works. 
Of these, forty-three works represent nearly the whole steel product 
manufacturing capacity of the industry.    A list of these works, together with 
four new works which are now under construction, is shown in Table 1.1. 
This table sets out the type of manufacturing facilities available at these works, 
the description of steel products which could be produced and their finished 
product capacities. 

In addition, there are over sixty small ironmakers producing pig iron in 
charcoal blast furnaces on a semi-continuous basis, and a number of small 
iron foundries and re -rolling works.    The potential production capability for 
pig iron from these small charcoal furnaces has proved useful in the past during 
the periods of peak demand for steel, and it is considered that these enterprises 
will continue to function in the future.    Their output in 1970 was approximately 
700,000 tons and their potential output is believed to be higher.    There is no 
detailed Information on their production facilities and future development plans. 
It is not possible, therefore, to analyse this sector, although it is considered 
likely that it will largely supply tne foundry industry  with only marginal output 
being supplied to the steel industry.    We also believe that investigation into the 
best use to be made of the pig iron produced by these small ironmakers  - 
Including the potential for export   - would be of considerable value. 

The map in Figure 1.1 indicates the locations of the 43 major works and 
the 4 new works under construction.    Of these, there are 16, including the 4 
new works, shown individually on the map; the remainder are all in the 
"•teelmaking triangle" of Minas Gerais, Rio de Janeiro and Sao Paulo, which 
have been marked on the map, and the works within each of these three areas 
have been listed at the foot of Figure 1.1.    The works have been designated by 
the abbreviated titles generally accepted in the industry. 

The industry has three types of works : integrated, semi-integrated and 
re-rollers or non-Integrated works.    The integrated works are classified as 
having ironmaking, steelmaking, and rolling facilities, while the semi-integrated 
ones have steelmaking and rolling facilities but no ironmaking.    In Table 1.2 
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the forty-seven works are classified under rbese headings and also by location. 

TABLE 1.2   - CLASSIFICATION OF STEELWORKS IN BRAZIL 

Region 

Number of Works - by Type (3) 
Outpur ' 
in 1971 

million ingot 
tonnes) 

Integrated Semi- 
Integrated 

Non- 
Integrated 

Total 

Minas Gerais 7 1 1 9 2.2 

Rio de Janeiro 3 2(2) - 5 1.8 

Sao Paulo 3 13 5 21 1.5 

AU others 3<*> 9 - 12 0.2 

Total 16 25 6 47 5.7 

(1) These works are under construction 
(2) One of these works is under construction 
(3) Estimated from IBS data for first nine months of 1971. 

It is also possible to categorise these works by their production-respectively 
of flat and non-flat products.    The situation Is not clear-cut, as Companhia 
Siderurgia National (CSN), which Is primarily a flat product works, also produces 
medium sections and rails, while the non-flat producer Companhia Acos 
Especiales Itabira (Aceslta) also makes flat products In special steels.    For 
ease of reference, however, we have adopted the terms "flat product sector" 
and "non-flat product sector" as descriptions which cover only the major 
activity of each works in that sector   - thus the "non-flat product sector" does 
not include CSN, In spite of their sections capacity. 

The flat product sector of the industry consists of three large integrated 
works which together accounted for 55 percent of the output In 1971.    These works 
•re Companhia Siderurgia National ( CSN ),     Usina Siderurgia de Minas S.A. 
(Usiminas), and Companhia Siderurgia Paulista (Cosipa) located in the Rio   de 
Janeiro, Minas Gerais and Sao Paulo regions respectively. 

The non-flat product sector of the industry comprises, In contrast, a large 
number of smaller works of sizes varying from 4,000 tonnes to over 500,000 
tonnes of ingot production capacity per year.    These works, including the 
plants under construction In this sector, have been classified in Table 1.3 by 
size, type and product. 

rf^ 
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TABLE 1.3 -DISTRIBUTION OP WORKS IN NON-FLAT PRODUCT SECTOR 

§ 

Annual Capacity 
Ingot Tonnes 
(Thousands) 

Type of Works 
Niunber of Works - by Product 

Common 
Steels 

Special 
Steels 

Tubes 

Under 25 

25 to 100 

100 to 300 

300 to 500 

Integrated 
Semi -integrated 
Non -integrated 
Total 

Integratea 
Semi -integrated 
Non -integrated 
Total 

Integrated 
Semi -integrated 
Non -integrated 
Total 

Integrated 
Semi -integrated 
Non -integrated 
Total 

1 
8 
3 

12 

4 
11 

3 
18 

5 
3 

~T~ 
1 

1 
3 

1 

Although about a quarter of these works lie outside the main steelmaklng 
'triangle shown on Figure 1.1, most of the production originates within it. 

1.2    Present output and planned capacity 

The output of the industry in 1971 amounted to nearly 6 million tonnes of ingot 
steel, of which nearly 97 percent was produced in the Sao Paulo, Belo Horizonte and 
Rio de Janeiro triangle.    Action to spread the industry over a wider area is 
being taken, as demonstrated by the construction of the three new integrated 
works outside this triangle.    These works are, however, relatively small. 
The breakdown of the 1971 output by sector and location is given in Table 1.4. 
These figures demonstrate the industrial importance of the Minas Gerais 
and Sao Paulo regions. 

Development of an industry is a continuous process so that a review of the 
position at any point in time must of necessity present an incomplete picture. 
For the purpose of this investigation, only those developments sanctioned by 
CONSIDER*up to September 1971 have been included as part of a firm development 
programme, which will, on this basis, increase production capacity from the 
4.9 millionnroduct tonnes shown in Tablel.l. to a total of 9.0million tonnen of fini- 

• Cf. Article 1.4 below. 
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TABLE 1.4 -DISTRIBUTION OF OUTPUT IN 1971 

Flat produce sector Non-flat product sector 

Company         Output 
(millions of ingot tonnes) 

Region                       Output 
(millions of ingot tonnes) 

Usiminas            0.9 Minas Gérais             1.2 

CSN                     1.6 Rio de Janeiro           0.2 

Coslpa                0.6 Sao Paulo                   1.0 

AU others                 0.2 

Total                   3.1 Total                         2.6 

shed products. Priority in this programme has been given to the fiat product sector, 
of which current plans will increase capacity by 130 percent, compared with only 42 
percent for the non-flat sector.   The result Is illustrated in the table below, which 
shows the proposed capacities in both flat and non-flat products once the 
programmed development is completed, together with the existing capacities 
in these two sectors. 

Sector Annual finished product capacity 
(millions of tonnes) 

Existing        Planned 

Flat product 2.3 5.3 

Non-flat product 2.6 3.7 

Total 4.9 9.0 

The development will chiefly Involve the installation of new facilities, and 
existing facilities will also be improved by additional equipment or by re- 
engineering plant.   The main items of the new facilities are discussed In 
the following chapters. 

After the completion of the current development programme, the regional 
distribution of finished product capacity will be approximately as follows: 

Region Annual finished product capacity 
(millions of tonnes) 

Minas Gerais 3.1 

Rio de Janeiro 2.4 

Sao Paulo 2.8 

All others 0.7 

Total 9.0 
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It can be seen that over 90 percent of the total production capacity will still 
be within the main steelmaking triangle, but at the same time the total production 
capacity of the other regions will be increased by well over 100 percent. 

1.3 Product diversity 

In order to assess the diversity of the industry, it was necessary to establish 
certain product groups and identify how many and what type of works were 
manufacturing the different products.     This analysis has been summarised in 
Table 1.5. 

TABLE 1.5   -  PRODUCT DIVERSITY 1969-1971 

Products 
group 

Number of Works - by Type 
Total 

Integrated 
Semi 

integrated 
Non 

Integrated 

1. Plate, sheet, coll 
only. 

2. Plate, sheet, coil, 
coated products, 
medium heavy 
profiles, rails. 

3. Special plate3, bar, 
rod, shapes. 

4. Light sections, bar, 
rod, shapes 

5. Rod and bar only 

6. Special steels, bar, 
rod, shapes. 

7. Tubes and bar, 
rod, shapes. 

TOTAL OF PLANTS 

2 

1 

1 

4 

3 

2 

7 

IS 

3 

3 

3 

2 

1 

1 

14 

21 

3 

2 

13 25 6 
„.. -,    . 

44 

1.4 Organisation of the industry 

The Government, private enterprise and foreign investors have all 
contributed to the growth of the Brazilian steel industry.    In the early years, 
development and involvement were only loosely co-ordinated but in recent years 
a more ordered pattern of growth has been taking place.     In support of this 
developing industry, a number of organisations and institutions have been set 
up to provide guidance and assistance to the industry on such matters as planning 
and development,      ance, commerce, and technological research, training and 
"know-how". 
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The role of government 

In concert with world trends, the Brazilian government's role in the steel 
industry has developed in recent years into a responsibility for shaping the 
industry to suit the total economy of the country.    To this end, the Conselho 
Consultivo da Industria Siderurgica (CONSIDER) was created to act, until 
recently, in a consultative capacity to the Minister of Industry and Commerce 
on matters relating to the iron and steel industry.    This organisation has now 
been restructured and given more substantial terms of reference.    These are : 

(1) To formulate and co-ordinate iron and steel industry policies; 

(2) To establish the criteria for granting governmental Incentives to 
the steel sector; 

(3) To establish the general guidelines for the commercial and financial 
policy of state-controlled steel companies; 

(4) To authorise the application of accelerated depreciation for top- 
priority steel projects; 

(5) To authorise, by delegation of the Customs Policy Council, the 
granting of tax exemption to imported capital goods intended for 
projects which are considered top-priority; 

(6) To programme investments in the steel sector and co -ordinate the 
consequent allocation of the necessary public funds; 

(7) To grant priority to projects for building new plants and for the 
expansion or modernisation of existing steelworks where such 
projects are eligible for official financing; 

(8) To execute or contract, through its Executive Secretariat, the 
sectoral studies necessary to the planning of the Brazilian steel 
industry. 

"CONSIDER will also collaborate with the interministerial Price and Customs 
Policy Councils to formulate the prices and customs policy for the steel sector. 
It will also advise the Bureau of Foreign Markets of the Bank of Brazil and the 
Central Bank of Brazil as to which machinery and equipment should be imported 
for the steel projects already approved and the external credits to be obtained 
for such projects. " 

The establishment of CONSIDER demonstrates a rationalisation of the many 
duties and functions which the Government has found it necessary to assume in 
connection with the Industry, and separates these from the function of ownership. 

Ownership 

The Government has a majority share-holding in seven steel companies. 
These include the three flat product works.    CSN has been financed directly by 
the Treasury, while Usiminas and Cosipa are supported by government funds 
through the Banco Nacional de Desinvolvimento Economico (BNDE).    The main 
shareholders of Usiminas are BNDE, the State Government of Minas Gerais and 
a consortium of Japanese interests;  BNDE are the majority shareholder.    In 
the case of Cosipa, the equity is held by BNDE, the State Government of Sao 
Paulo and the national Treasury. 
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The Government's participation in the nor. flat scoto.- of the industry 
embraces four companies:  Acesita, Cofavi, Cosim and AFP.    The Government 
has acquired Acesita, Cofavi and Cosim as an emergency measure in order to 
prevent closure of these works.    Government support of die fourth company, 
AFP, acknowledges the commercial risks and potential technological benefits 
inherent in investing in an enterprise based on an emergent process, in this 
case SL/RN direct reduction ironmaking. 

The other company (Usiba),  based on direct reduction is not financed by 
the Government but has its backing through the majority shareholder, SUDENE, 
which is a planning and administrative organisation created by the Government 
for the development of the north-east of Brazil.    SUDENE acts as the trustee 
for private investment in these developments. 

A possible development which is under consideration is the co-ordination 
of all the state-owned companies under a holding company, entitled Siderurgia 
Brasilia (SIDERBRAS). 

The rest of the industry is in private hands.    A few companies have been 
set up by foreign investors, and although their equity is now mainly Brazilian 
owned, foreign interests still have the largest individual holdings in the two 
biggest non-flat companies, Mannesmann and CSBM. 

Research and d_eve_lopment_ 

Technological investment in support of the industry takes place at two 
levels   - company and national. 

At the company level, the research staffs and laboratory facilities at CSN 
and Usiminas are the only establishments of any significance in the Industry. 
There are plans for expanding these but as is usual with works research 
facilities, the activities are largely confined to inspection and quality control 
procedures, and to solving problems arising in the works.    Some capacity for 
applied research projects is.however,planned into the expansions. 

The national and state institutions of importance to the steel industry are 
the Associacao Brasileira de Matéis (ABM), the Instituto Brasileiro de 
Siderurgia   (IBS) and several of the universities. 

The ABM is a learned society of international standing.    It stimulates 
technological interchange by means of meetings and publications at national and 
regional levels in both ferrous and non -ferrous metallurgical fields.    The 
society has published over 1,000 papers and ten books since 1944.    It alao 
sponsors scholarships. 

In contrast, IBS has been established and financed by the steel Industry 
Itself to provide a commercial information service.    Market intelligence and 
information on price trends are typical of the service provided. 

Most fundamental research is restricted at present to the universities. 
With many calls on their resources, it follows that the contribution to steel is 
small.    There is also the research organisation known as Centro Tecnico 
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Aeronautical e Special, which concentrates on basic research in metallurgical 
fields.     Its work is related to the exacting needs oi the aerospace industry 
which usually anticipate the needs of general engineering by one or two decades. 
Research on steels by this organisation may thus be regarded as a long term 
investment. 

There are also several consulting engineering companies capable of 
executing development projects.    A current example is a project for a long 
distance iron ore slurry pipeline system. 

Training and "know -how " 

Several steel companies have personnel training programmes and technical 
"know-how" agreements with major foreign steel producers.    These include 
two of the integrated flat product companies, the special steel producers and a 
number of the larger companies in the non-flat section of the industry. 

CSN has an agreement with the United States Steel Corporation.    In addition, 
the Company runs and staffs local technical colleges to provide trained personnel 
in grades ranging from technician to graduate engineer.    Training has been a 
strong feature of CSN's policy for many years, so that the industry as a whole 
has benefited from a supply of trained personnel. 

The long term agreement between Usimtnas and the Nippon Steel Corporation 
is similar to the CSN - USS agreement.    Cosipa has no set training programme 
and organises programmes when the need arises.    Most training is arranged 
internally but individual technicians and engineers are selected for further 
training and education abroad. 

The companies engaged in special steel production generally seek co- 
operation with well-known foreign manufacturers.    For Instance, Anhanguera is 
now operating in association with SKF of Sweden.        Like most agreements it. 
provides for the training of Brazilian personnel by SKF staff and for the exchange 

. of technical "know-how" in mutual fields of experience.    AFP - a company which 
' Is going to produce special steel products - has an agreement with AB Bofors, 

also of Sweden.    The works of this company is still under construction, but the 
company is already arranging to train people locally and in Sweden.    Villares 
also have agreements with Crucible Steel and with the Ohio Rolls Corporation of 
the US. 

Of the other steel producers in the non-flat product sector, Mannesmann 
operates a continual training programme for all levels of operatives and 
engineers.    It is company policy to send a selected number of personnel abroad 
for training and experience, usually lo die company's parent v/orks in Germany. 
New developments in technology are constantly reviewed by the Mannesmann 
group as a whole and this information is made available to all subsidiary 
companies.    CSBM has an overseas training scheme for engineers and some 
production personnel.    The company also operates a technical training programme 
in-house for works operatives and technicians. 

*fe 
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CHAPTER 2   - RESOURCES AND TRANSPORT 

Although this Section is concerned with the present state of the Brazilian 
Industry, it is convenient in considering resources and Infrastructure require- 
ments, to minimise repetition in Section C by looking at the situation up to 1980 
in this Chapter. 

In order to meet the needs of the Iron and Steel industry in 1980 it will be 
necessary to secure greatly increased supplies of raw materials, fuel and 
electricity and to make sure that adequate transport facilities are available for 
the handling of feedstock and finished products.    It will also be necessary to 
ensure that labour and management are trained in adequate number and well in 
advance of the building of new plants.    The following articles discuss the 
resources and transport systems in terms of quantity, technological characteristics, 
location and exploitation. 

2.1  Feedstock 

Iron ore_ 

Brazil has some of the most extensive and highest grade Iron ore reserves 
in the world.    The country's known reserves of high grade (above 64 percent Fe) 
hematite ore alone amount   to about 4, 500 million tonnes. 

The largest and best known ore deposits are situated in the State of Minas 
Gerais in an area known as the'iron quadrilateral*.    There are reserves of 
potential ores known to exist in many other States.    The estimated reserves 
are given in Table 2,1, but these do not include large high grade deposits recently 
found in the State of Fara. 

TABLE 2.1- RESERVES OF IRON ORE DEPOSITS 
(millions of tonnes) 

Location Reserves 

State of Minas Gerais 29,830 
State of Mato Grosso 10,050 
State of Amazonas 200 
States of Bahia, Sao Paulo, 

Parana, Santa Catarina, etc. 130 

TOTAL 40.210 

15 
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At present, the principal mining activities are centred in the State of Minas 
Gerais, accounting i'oi alinosi all of the national iron ore production.   Akliougu 
by the end of this decade iron ore reserves in other States will be exploited, the 
bulk of the supplies required for the Brazilian steel industry may still be obtained 
from the mines in Minas Gerais State.    By 1980 some of the reserves in this 
State should be extensively developed not only to supply the home industry but also to 
provide an even larger proportion of the production tonnage for export markets. 

At the present time, one works in the flat product sector and several steel- 
works in the non-flat sector obtain their iron ore supplies from their own captive 
mines.   The iron content of the supplies is generally above 64 percent.    By 1980 
several of these steelworks should expand their ironmaking facilities and therefore 
will require increased iron ore supplies.    These organisations have made provisions 
for additional production facilities at the appropriate mine to sustain the increased 
demand for iron ore. 

There are several mining companies operating independently of the steel 
companies in Brazil.    They supply part of their production to the home st^el industry 
•nd export the rest.    The two main such companies are Companhia Vale do Rio 
Doce (CVRD) and Mineracao Brasileiras Remiedas (MBH). 

In 1970, CVRD produced about 23 million tonnes of iron ore products; of this 
amount approximately 21. 8 million tonnes were exported, and the rest sold to the 
home market.   By 1975 this company envisages producing about 56 million tonnes of 
ore and adding to their existing oxide pellets production capacity at about that 
time, a 3 million tonne unit to produce a total of 5 million tonnes of pellets per 
year.    The iron content of the company's products is generally above 64 percent. 

MBR is a private company and its mines came into operation only recently. 
In 1970 the company produced about 2 million tonnes, of which approximately 
50 percent was supplied to the home industries and the rest was exported. 
The company envisages producing about 13 million tonnes of high grade ore 
(65 percent Fe plus) in 1975. 

Because of the nature of some iron ore deposits in Brazil and the friable 
characteristics of iron ores mined from these deposits, it is most likely that 
sized lump ore for ironmaking will be used only to a limited extent.    To achieve 
performance levels from ironmaking facilities, comparable to those denoted in 
Appendix   1 , the industry will have to procure predominantly iron ore fines which 
would need to be agglomerated by sintering prior to charging into blast furnaces. 
The use of oxide pellets in blast furnaces will, or course, have to be considered 
as this type of material becomes available from home resources.    One of the 
new works which is now under construction in the non-flat sector of the industry 
will procure oxide pellets for use in direct reduction ironmaking facilities. 

Scrap 

The availability of iron-bearing scrap in Brazil over this decade is a matter 
of considerable conjecture, since it is not a well documented subject. Recently, 
however, IBS prepared a report giving the estimates of scrap availability in 
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Brazil up to 1980.    On the basis of this repon, and taking into account the possible 
effects of technological trends in the manufacture of steel products, we have 
estimated that by 1975, 1980 and .1985 the annual arising of scrap excluding 
circulating scrap within the steelworks, will be of tin; order of 2.1, 3.3 and 5.0 
million tonnes respectively.   The estimated proportions of process and capital 
scrap for each period are shown in Table 2.2 

TABLE 2.2. - PROJECTED SCRAP AVAILABILITY IN BRAZIL 

(millions of tonnes) 

Source Annual availability 

1975 1980            1985 

Process 

Capital - home goods 

- imported goods 

TOTAL 

0.8 

1.0 

0.3 

1.3              2.2 

1.6             2.4 

0.4             0. 4 

2.1 3.3              5.0 

Process scrap refers to scrap generated by secondary industries during the 
course of production of goods from finished steel products.    Capital scrap is 
the most diverse form of scrap and is recovered from replacement of machiner, and 
capital goods such as railways, motor vehicles and ships. 

The most important rource is capital scrap.     Arisings of capital scrap are 
a function of conditions some 20 years earlier when the rate of growth of the 
economy may well have been different from today.    However, the estimates 
presented in Table 2.2. indicate that capital scrap will arise in significant 
proportions during the period considered.   The estimated availability of capital 
and process scrap in different regions Is shown in Figur»  2.1;    most scrap 
«rises within the steelmaking regions, and the small amounts arising in outlying 
regions is too remote to be useful in any but small local works. 

Although the arisings of capital scrap will be in significant quantities, its 
collection in an organised and properly classified fashion will demand extensive 
services from the scrap merchants. At the present time there are many scrap 
collecting companies operating in Brazil;  only a few of these companies lia ve 
some scrap processing facilities, and these are highly labour-intensive and non- 
mechanised.    The industry has no corporate representation.    In many respects 
this situation has led to circumstances in which the availability of the material is 
not secured, and the quality and price are far from stabilised. 

I 
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Although in the short term the smaller scrap collecting companies can make 
an important coni: ri but i on there will be a need in the longer term for organisations 
with large scale collecting and processing facilities.     The promotion of this re- 
organisation will not only establish the regular availability of the material and 
economies oí scale of operation, but will also guarantee the quality of materials 
despatched to the steel industry. 

The main contribution of larger organisations would be the negotiation of 
commercial policies with the steel industry, particularly on such issues as supply 
and demand conditions, schedules of scrap specifications and price structure. 

Pig iron 

In Chapter 1 it has been mentioned that there are over sixty small ironmakers 
producing pig iron in charcoal blast furnaces on a semi-continuous basis.    The 
majority of these ironmaking facilities are situated in the State of Minas Gérais, 
and although it is considered that they will continue in the future to make a useful 
contribution.the individual production units are small.    It is therefore considered 
that these companies should not be regarded as forming part of the strategic plan. 

2.2.   Coal and charcoal 

By 1980 the demand for coking coal will be significantly higher than the quantity 
required today.    The demand for non-coking coals may also rise because these 
materials may be required for the operation of solid-fuel based direct reduction 
processes and, possibly, for the production of 'formed coke'.   The demand for 
charcoal is not expected to alter significantly.   The availability and supply 
situations of these fuels are discussed below. 

• 

Coal 

The known reserves of coal deposits in Brazil amount to about 3,300 million 
tonnes.    The deposits are mostly located in the State of Rio Grande do Sul, 
Santa Catarina and Parana.    The estimated tonnages of these reserves are given 
in Table 2.3. 

TABLE 2.3. - RESERVES OF BRAZILIAN COAL 
(millions of tonnes) 

State Estimated reserves 

Rio Grande do Sul 
Santa Catarina 
Parana 

Total 

2,022 
1,205 

37 

3,264 
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Other ce i deposits are known to exist in the regions oí Piaui, Tocantins- 
Araguaia, Rio ti< co and Alto Amazonas, but both the extent and accessibility 
are unknown. 

The Brazilian coking coal deposits an.   mainly situated in the State of Santa 
Catarina.   The nature of these deposits is such that the procuration of coking 
coal will always be associated with the extractiun of a certain proportion or 
non-coking coal.    The coal scams are composed of thin bands of coking and 
non-coking coals and waste materials; this condition does not permit mining 
different types of coal selectively. 

The characteristics of typical Brazilian coals are given in Table 2.4. 

TABLE 2.4. CHARACTERISTICS OF TYPICAL WASHED COALS 

Characteristics Coking Coal Non-coking Coal 

Moisture -% 10.0 7. 0 - 8.0 

Ash -% 18.5 30.0 - 45.0 

Sulphur -% 1.8 2.0 - 3.5 

Volatile matter -% 30.0 22.0 - 24.0 

Fixed carbon '% 51.5 44.0 

Calorific value -L/C cât/kg 6,800 4, 800 - 5, 500 

Swelling index 2. 5 - 4. 5 

The data In this table shows that the Brazilian coals are of poor quality.    This 
is primarily due to the high ash content, which is over 50 percent in the as-mined 
state.     Since the ash forming matter is widely and Intimately dispersed throughout 
the mans of coal, the washed coking coal supplied at present to the steel industry 
contains over 18 percent ash, even after enrichment by coal preparation. 

At present several mining companies are exploiting the coal deposits of 
Brazil.   Most of these are small, but there are nineteen principal companies 
and the majority of these operate more than one mine.    Thirteen of these 
companies are operating mines in the State of Santa Catarina, three in the 
State of Rio Grande do Sul and three in the State of Parana. 
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The production of national coal in 1969 was as follows:- 

State and Production - million tonnes 
coal type Run of mine coal Washed coal 

1.0 0.9 
Rio Grande do Sul 

Non-coking coal 

Santa Catarina 
Coking coal ) (0.8 
Non-coking coal  ) * (    0. 5 

Parana 
Non-coking coal 0.4 0.3 

TOTAL 
Cokinf 
Non -coking coal ) "* * 1.7 
Coking coal        ) 0.8 

At present, the Brazilian coal mining industry supplies annually about 0.8 
million tonnes of coking coal to the steel industry.    This amount represents about 
33 percent of the total requirements of the industry.    It is reported by the 
Brazilian authorities that in 1980 the supply of national metallurgical coal will 
still only amount to about 1. 5 million tonnes. 

In the very near future, only a nominal supply of non-coking coal will be 
required for the SL/RN direct reduction ironmaking plant of Acos Finos Piratini. 
The company will have a coal washing plant, which will prepare coal obtained « 
from a mine adjacent to the works, to produce about 65,000 tonnes for 
metallurgical use. 

The industry now uses a small quantity of non-coking coal primarily for 
steam raising and, for this purpose, will continue to procure from indigenous 
sources although the tonnage purchased is unlikely to be increased by 1980. 

Charcoal 

At present about 90 percent of the national chircoal pig iron production 
comes from the Minas Gerais State.    The supply of charcoal required for this 
production is either obtained from the steel company's own, or from locally situated 
carbonisation plants.    It is unlikely that this situation, bolli fiora the point of 
view of charcoal pig iron production and charcoal supply, will change by 1980. 
If it is assumed that by the end of this decade a maximum of about 2 million 
tonnes of charcoal will be required to satisfy the total demand of all blast furnaces 
producing charcoal pig iron in Brazil, then it will be necessary to maintain 
afforestation, permanently, of an area of about 400. 000 hectares within the 
vicinity of these blast furnace installations. 
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2. 3  Fuels and electricity 

The potential sources and availability of fuel oils, natural gas and electricity 
are discussed below. 

Fuel Oil 

Brazilian reserves of crude oil are estimated to be only about 850 million 
barrels    (115 million tonnes). The deposits which are being worked 
are situated in Bahia, Alagoaa and Sergipe, and these yield,  in total, about 
60 million barrels    (c. 8 million tonnes) per year. 

There are several petroleum refineries operating in Brazil, located in 
Bahia, Guanabara,  Rio de Janeiro, Minas Gerais, Sao Paulo,  Rio Grande do Sul 
and Amazonas.    The total processing capacity of these refineries is stated to be 
250 million barrels     (c. 35 million tonnes)    of crude oil per year.   (In 1969 
these refineries produced about 170 million barrels of petroleum products). 

The Brazilian refineries process both indigenous and imported crude oil. 
Nearly two-thirds of the imported crude oil comes from middle-eastern countries. 

One of the important properties of Brazilian fuel oils is that their sulphur 
content is lower than that of most of the oils from international sources.    For 
this reason, Brazilian fuel oils are ideally suited for blast furnace injection. 

Natural Gas 

The present reserves of natural gas which have been discovered in Brazil 
are comparatively small.    A recent estimate by PETROBRAS puts them at 
approximately 25, 000 million cubic metres.   To put this estimate in perspective, 
it is approximately equivalent to the current annual consumption of petroleum 
fuel in Brazil.   It is   therefore  clear that with only the existing known reserves 
in Brazil it will not be possible to sustain any long term major industrial demand 
from the steel industry. 

However, a supply of about 200 million cubic metres per year of natural 
gas will be made available to Us Iba for use in their HyL diiect reduction iron- 
making plant.    This company's plant is now under construction and has been 
founded on the basis of a supply concession from PETROBRAS for as long as 
supplies of natural gas continue. 

Liquid naphtha is a light distillation product of crude petroleum.   Its 
Importance as a resource is that it can be reformed to produce a reducing gas 
suitable for use in the gas-based direct reduction ironmaking plants.   However, 
it is more expensive than natural gas. 

Liquid naphtha is produced at a number of Brazilian refineries located in 
Bahia, Rio de Janeiro, Minas Gerais, Sao Paulo and Rio Grande do Sul.   At present 
a total of about 3. 5 million tonnes per year is available and it is expected that, 
by 1975, this tonnage will rise to about 5 million tonnes per year. 
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Electricity 

The present installed capacity for electricity generation in Brazil Ì3 over 
10,000 MW.   The regional electricity generating capacity is shown in Table 2% 5. 

About 77 percent of the installed capacity is hydro-electric, the balance 
being thermal.    It has been stated that, by 1974, the installed capacity will be 
increased by 65 percent to give a total installed capacity of about 17, 000 MW. 
At the present time the national supply situation is such that only about 50 
percent of the generating capacity is now utilised. 

A pilot nuclear generating station is now under construction at Angra dos 
Reis.     This plant will have a capacity of 500 MW. 

ELETROBRAS (Centrais Eletricas Brasileiras SA) is the state controlled 
holding company for many individual regional generating enterprises. ELETROBRAS 
together with Grupo Light SA control about 64 percent of the total installed capacity. 

TABLE 2.5.- REGIONAL ELECTRICITY GENERATING CAPACITY 

"                                                  1 

Region Present installed capacity - MW Planned 
Capacity 
by 1974-MW Hydro Thermal Total 

Northern States 676 337 1,013 2,220 

Minas Gerais 2,329 35 2,364 3,525 

Espirito Santo 59 31 90 206 

Rio de Janeiro 886 217 1,100 1,500 

Guanaba ra - 237 237 637 

Sao Paulo 2,655 723 3,378 5,683 

Parana 131 127 259 548 

Santa Catarina 96 157 253 385 

Rio Grande do Sul 237 377 614 1,147 

West Central 785 69 855 1,208 

TOTAL 7,854 2,307 10,163 16,891 

I 
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?.. 4.   Process materials and water 

The production of crude sic -1 and finished products requires a number of 
different types of procesa materials and a great deal cf water.    With the 
development of the steel industry the demand for these will also increase, although 
it is unlikely that this will impose any serious constraint.   Water is not considered 
to be a problem;  the supply of other materials is discussed below. 

Fluxing materials 

The principal fluxing materials used by the steel industry are burnt lime, 
limestone, dolomite and fluorspar.    Limestone and dolomite will be needed 
mainly at the sinter plants to produce self-fluxing sinter but, where necessary, 
they may be used as fluxing agents in the blast furnace burden.    Burnt lime, 
produced by calcination of limestone, will mainly be used in the steelmaking 
operation. 

Brazil has extensive reserves of limestone and dolomite deposits, and there 
is an abundant supply of these materials in all steel producing areas.    At present, 
the majority of the steel companies procure these materials from their own 
captive mines and it is expected that this procurement policy will continue in 
future. 

Ferroalloys^ 

The steel industry will require supplies of different types and grades ot 
ferroalloys for the production of common and special steels.   It is estimateli that 
in 1980 the total requirements of the industry will be about 0. 2 million tonnes; 
about 25 percent of this amount will be required for special steel production. 

Currently, ferroalloy production capacity in Brazil is nearly 120,000 
tonnes of which ferro-manganese accounts for just over half and special ferroalloys 
about 8, 000 tonnes.    However, it has been stated that by 1975 the production capacity 
for special ferroalloys will be nearly doubled, and that the capacity for common 
ferroalloy production will be increased by about 20 percent. 

In 1970 the demand for high carbon common ferroalloys was almost satisfied 
by national producers.     On the other hand most of low carbon and special 
ferroalloys were imported.    Bearing in mind the growth rate of the ferroalloy 
production industry and the steel industry's requirement for ferroalloys in 
1V80, it is apparent that the production facilities for ferroalloys will have to be 
increased significantly by the end of this decade if large scale importation of these 
commodities is tc be avoided. 

In 1980 the steel industry will require approximately 0.9 million tonnes of 
refractory products, of various types.   About 10 percent of this tonnage will be 
basic refractory products required for steelmaking furnaces; the remainder 
will be mainly non-basic types for lining all other types of furnaces, blast furnace 
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stoves, ladles,hot mela) mixers anù similar retaining viscid, as well as the flues, or 
stacks, throng!) wtiirh bot gases aie conducted. 

In 1970 the Brazilian refractory industry liacl.  in thr post years, produced 
some 0.4 million tonnes of refractory products.     This tonnage nearly satisfied 
the total national demand for refractories, and only about 1Ü, 000 tonnes ox 
refractory products were imported.    About 85 percent of the tonnage produced 
was supplied to the steel industry. 

There are several refractory manufacturing companica operating in Brazil. 
Of these, three companies,  namely Magnesita SA, Ceramica Sao Cadano, and 
Industrial Brazileiro Artigos Refractories, account for nearly 90 percent of the 
national production;  some steelworks also have facilities for refractory 
manufacture.    Of all the companies, Magnesita SA is the most important, since 
this company is currently satisfying nearly 80 percent of the total Brazilian 
market for basic refractories.    This company is fully aware of the projected 
development of the steel industry, and has a programme for development of 
production facilities to keep pace with the needs of the steel industry. 

In general, the quality of most refractory products manufactured in Brazil 
is good.   However, it is most encouraging that the industry - and particularly 
Magnesita SA - has already a major research and development establishment. 
It has already been proposed by Magnesita SA that the facilities of this 
establishment should he extended to provide better services in quality improvement 
and new product development. 

2. 5.   Transport 

By 1980 the quantities of various types of raw materials and finished products 
which will have to be transported will have greatly increased.    The expected 
increase in demand on transport infrastructure in relation to the services that 
were provided to the industry in 1970 is given in Table 2.6. 

During the past years over 95 percent of the total tonnage of materials, which 
have been either consumed or produced by the industry, have been transported 
within a regional triangle.   This triangle includes the states of Rio de Janeiro and 
Guanabara, Sao Paulo, and Minas Gerais, together with Espirito Santo. 
Although the development of the steel industry will affect regions beyond these 
states, the effect on transportation networks will be relatively small.    It is 
anticipated that in 1980 approximately 90 percent of the movement of materials 
will take place within the regional triangle.    In quantitative terms this means 
that nearly 50 million tonnes of raw materials nnd finished products will be 
transported within this area. 

The extent of the principal rail and road systems, together with the location 
of principal ports, are shown in Figure 2.2.    At present, railways are mainly 
used for raw material transportation, and more than half of the total finished 
products are transported by road haulage.    The transport of indigenous coking 
coal from southern Brazil is partly by ship and partly by railway. 
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FIGURA 2.2 - FACILIDADES EM TRANSPORTE 
FIGURE 2.2 • TRANSPORT FACILITIES 
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TABLE 2. 6. - INCREASE IN DEMAND ON TRANSPORT 

INFRASTRUCTURE    1970 to 1980 

Material Material consumption or production 
million tonnes per year 

Expected 
increase in 
demand % 

1970 (1) 1980<2) 

Iron ore 

Coking coal 

Non-coking coal 

Charcoal 

Purchased scrap 

Ferro-alloys 

Fluxing agents 

Other materials 

Finished products 

6.5 

2.0 

1.4 

2.0 

0.1 

1.3 

1.0<4> 

4.2 

19.0 

9.0 

0.1 

a6 
4.0 

0.2 

5.0 

2.0<4> 

14.7 

192 

350 

H3)<3> 

100 

100 

28* 

100 

250 

Total 
.,_                j 

18.5 54.6 195 
 __...     ,   .... 

Notes:  (1) Extracted from RFFSA report 1970 and other publications 

(2) Estimated tonnages - for preliminary indication only 

(3) Percentage decrease in demand 

(4) Estimated quantities 

Ì 

Railways 

The most Important railway lines serving the steel Industry are the central 
regional division of Rede Ferroviaria Federal SA (RFFSA)   - a state controlled 
organisation   - and the narrow-gauge Vitoria-Minas line owned by CVRD. 
The central region division handles considerable amounts of raw materials and 
finished products in one direction and more predominantly coal and oil by-products 
in the other direction,    The central division network has a nominal cargo 
handling capacity of 18 million tonnes per year.    Both rolling stock and track 
improvements are in hand, and it is stated that by 1974 this capacity should 
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reach 32 million torme;."..    By 1980, il;:; qiüint it :•.•:. i:f 1:3 w muïv-rids s ltd fmhhed 
products which will ha^ to he transported within the area of this division are 
estimated to be as follows: 

Iron ore 

Coking coal 

Charcoal 

Purchased scrap 

Ferroalloys 

Fluxing agents 

Other materials 

Finished products 

TOTAL 

Million tonnes 

8.0 

2.0* 

small 

0.5 

small 

2.2 

1.5 

9.0 

approx. 23.0 

Ì 

* Mainly from ports to steelworks 

In addition to the above 23 million tonnes, U is reported that this division 
will handle about 24 million tonnes of iron ore for export.    Thus, excluding 
the facilities required by other industries, the total tonnage of cargo will 
amount to more than 47 million tonnes.    Even if one allows for the fact that, not 
all the a.rgo is moved in one direction, the requirement is far in excess oí the 
1974 nominal capacity of the division network.    It is clear, therefore, that 
an investment will be required to provide adequate facilities to service the 
demands of the expanded iron ore and steel industries.     RFFSA has a projected 
Investment programme up to 1980.     In this programme, allocations have been 
provided to match the requirements of the expanded steel industry.    The 
significance of these allocations in terms of total requirements needs to be 
carefully scrutinized and attention must be given to ensuring thai the resource 
allocations and investment programmes of the state-controlled railway 
organisation can take full account of the expansion of the steel industry, through 
joint discussion. 

At the present time the railway freight cost is high, but this is believed to 
be due to the low traffic density;  the situation is likely to change In the foresee- 
able future, although it should be remembered that because of difficult 
topographical conditions, the freight cost may not always be comparable with 
railways operating elsewhere. 

The Vicoria-Minas line Is mainly used for transportation of iron ore for 
export, but it also handles steel products from   Usiminas to Vitoria and coking 
coals from Vitoria to the steelworks.    At present this is the only rail link with 
the   tJsimipi"? worl«, which is thus without a direct r».il link with thp rnarkets 
In Rio de Janeiro and Sao Pculo.    This Vitoria-Minas line is believed to have 
the highest traffic density in Brazil. 

Eft 
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Roads 

The importance uf the road netwoik   - particularly in the Sao Paulo, Rio de 
Janeiro and Minas Gerais regions      is« that the bulk oí iinlshcd products from 
the steel Industry is delivered by road to consume-1 s.    The road haulage freight 
cost is competitive with that of railways and it is for this reason, coupled with 
a greater degree of flexibility of operation, that the industry is able to use the 
road system to such an extent. 

The road network within the regional triangle now extends to about 410,000 
kilometres, of which only about 7 percent is asphalted. By 1975 it is reported 
that a further 5,000 kilometres of asphalted roadway will be built. 

With a substantial increase in national industrialisation by 1930, the ioad 
haulage system will undoubtedly play a dominant role.    Although the steel 
industry will continue to use road haulage to move finished products to consumers, 
It is likely that the proportion of the total tonnage which will have to be moved by 
road in 1980 might be reduced.    Obviously, this will largely be dictated by the 
services offered and freight costs charged by the railways. 

Port facilities 

There are several ports situated along the coastline of Brazil with sufficient 
depth of water to be of service to the steel industry- 

Port Vitoria is used for importing coal and exporting Iron ore and finished 
steel products.    Recently a new port has been built at Tubarao, close to Vitoria, 
with facilities primarily provided for large-scale Iron ore export.    Angra dos 
Reis and Rio de Janeiro are used for importing coal;  Rio de Janeiro port fiso 
has a specialised iron ore loading terminal and there is a new ore terminal being 
built at Angra dos Reis.    At Sante s coal from southern Brazil and overseas, and 
indigenous iron ore are received, the latter being discharged at Cosipa   works 
which is joined to the port by a canal.    Im bimba Is used for shipping Brazilian 
coal. 

Development programmes to provide Improved facilities at some of these 
installations have been considered.    It is reported that by 1974 approximately 
$100 million will be invested in these ports and other installations situated at 
Parangua, Recife, Belem and Itaqul. 

«* 
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CHAPTER 3 - EVALUATION OF THE EXISTING 
IRONMAKING FACILITIES 

The characteristics of existing and planned plant in the Brazilian iron and 
steel industry, the operating practice and performance of these plants, and the 
possibilities for short-term improvements are all examined in this and sub- 
sequent chapters.   Each process area is dealt with in turn, divided between the 
chapters as follows:  cokemaking, sintering and ironmaking in this chapter; hot 
metal and cold metal steelmaking in Chapter 4; casting, rolling, finishing 
processes and special processes in Chapter 5. 

The plant items have been classified by sixc and age, and any interlinking 
of items within a process area has been noted.   The information on plant, and more 
particularly on practice and performance was supplied to us by the individual 
works; while it has been subjected to critical examination, it is clearly 
not possible for us to vouch for the accuracy of the data on the basis of the 
limited visits made to v/orks in Brazil.   Moreover, the necessary information 
was not available from all works —    the number of plants from width data was 
available is noted in the various tables. 

The variations in performance across the Brazilian steel industry are consid- 
erable; in some cases, there is scope for a general improvement in the performance 
of the whole industry, while in others, there are opportunities for improvement 
in specific companies.   It should be understood that the information given below 
on plant performance refers to the industry as it was in 1969 — in many cases, 
companies may thus already be implementing the recommendations we lia ve made 
for short-term improvements. 

The information received also Indicates that the industry is operating on 
two levels — those works which compare well with good average world practice» 
and those works operating noticeably below this level. 

3.1 Cokemaking 

Nearly all metallurgical coke for blast furnace ironmaking is produced by 
modern slot-type coke oven installations.  There is, however, one small 
cokemaking plant using 'beehive' ovens for the production of blast furnace 
coke. The number of slot-type coke oven battery installations is indicated 
in Table 3.1 - including those which are part of the current development 
programme. 

30 

tf* 
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TABLE 3.1 - SLOT-TYPE COKE OVEN 1ÌATTERY INSTALLATIONS 
(number oí in.siallaüuns) 

A 

Annual battery 
capacity of coke - 
thousand tonnes 

Year of commissioning 
Total 

(1975) 
Before 
1940 

J 940/ 
1955 

1955/ 
1970 

1970/ 
1975 

200 - 300 
300 - 400 
400- 500 
500- 600 
600 - 700 
700 - 800 

- 

2 
5 

3 

5 
2 
3 

Total 2 5 3 10 

Ì 

Three new coke oven batteries - one at each of the flat produci £ works •  ire 
being installed as part oi the expension projects.   Two of these installations will 
have 6 metre high ovens, whereas the third battery will be equipped with the trad- 
itional ovens of 4 metres height.   The existing ovens, all with similar basic 
dimensions, are all about 4 metres high.   It is envisaged that the small produci•'•> 
units such as the 'beehive*ovens may be closed whfn the new ovin batteries 
come into operation. 

The coke is currently produced from a blend of imported and domestic 
metallurgical coals, the latter making up 20 to 30 percent of the mix.     The 
domestic coals are of poor quality, as discussed in Chapter 2 Article 2.2.   How- 
ever, present indications are that approximately the same tonnages of domestic 
coal will be available for cokemaking in the future, so that it will contribute a 
progressively lower proportion to the blend as the total production increases. 

The performance of the existing cokemaking plants has been assessed on 
the basis of coke production per unit volume of oven per day.   All the plants in 
operation arc essentially of the same design.   Calculations uf output from the 
Information available indicate that the three plants operate within the range of 
0.7 to 0. 8 tonnes per cubic metre per day which indicates a uniform level of 
performance throughout the industry.   It also compares favourably with the world's 
leading cokemakers, who achieve an output rating between 0.9 and 1 tonne per 
cubic metre per day.   (See Appendix 1 ). 

Possibilities for short-term improvements 

Since the coke outputs are already at a reasonable level, the main opportunity 
for short-term improvement in cokemaking lies in reducing the production costs. 
This in turn means reducing the cost of coal, which accounts for nearly 100 
percent of the total cokemaking costs.   It can be done by using a certain proportion 
of non-coking coal in the coal blend by selective preparation, which lias been 
discussed fully in Chapter 8.    In the world at large, proportions of up to 40 or 50 
percent of non-coking coal have been used, and we recommend careful investigation 
Into the maximum proportions possible in Brn/iHan conditions. 



-*^- 

^ 

32 

If the price differential between non -coking and coaking coals is 
approximately $5 per tonne, tho use of a proportion of 50 percent non-coding 
coal in the blend would result in a saving of approximately 10 percent in 
the cost of coke. 

3.2 Sintering 

Sintering of iron ore is carried out by continuous strand or semi-continuous 
Greenawalt type machines.   The characteristics of existing sinter plant 
installations, together with the plants which are planned for the current 
development programme, are recorded in Table 3.2. 

.TABLE 3.2- SiNTER PLANT INSTALLATIONS 
(Number of installations) 

•Annual capacity 
of finished sinter 

thousand tonnes 

Year of commissioning 

.Total Before 
1940 

1940/ 
1955 

1955/   1 
1970, 

1970/ 
1975 

CONTINUOUS 

700 -900 
900 - 1100 

1100 - 2000 
2000 - 2500 

SEMI CONTINUOUS 

- 

1 

1 

2 
1 

2 

1 

3 

2 
2 

3 

1 
2 
1 

—  

50 - 100 
100 - 150 
200- 250 

TOTAL 2 5 4 1   » 

Ì 

The continuous sinter plants which are in operation at the flat products workj, 
are aU of modern design.   The plants proposed in the expansion plans of these 
works will have larger capacities. 

Semi-continuous sinter plants are in operation at the non-flat products works. 
Expansion of some of these installations is also envisaged in the development 
programme. Semi-continuous sinter production has certain limitations incompatible 
with modern steel plant operations, but it is expected that these installations will 
stay in effective operation producing charcoal sinter as long as the present coke 
procurement policy remains unaltered. 

«Ai 
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The sintering plants use coVe breeze in the continuous plants and charcoal 
Unes in the semi-continuous insta 1 i v non s,    it hu been indiearcd that some 
plants currently using semi-continuous machines will, following their expansion, 
change to continuous machines.   This will mear, that come continuous machines 
will be operating with charcoal finca because i.uffjcierit coke fines will not be 
available. 

The performances of sintering operations have been assessed on the basis 
of specific output which is defined as production of sinter in tonnes per square 
metre of grate area pei- day. Both continuous and semi continuous machines 
are compared on the same basis. 

The range of specific output of the sinter plants is tabulated in Table 3.3. 

TABLE3.3 - SINTER PLANT PERFORMANCE 

Type of machine 
Number of machines Output 

tonne s/m A'ay 
Installed Analysed 

Continuous 

Semi-continuous 

3 

3 

2 

3 

23 - 36 

12 • 27 

Possibilities for short-term_ improvements 

The output of one of the continuous machines - 36 tonne s/m 2/tlny - is the 
equivalent of world best practice, and thus is exceptionally good.   The other 
machine is working only at an average level of performance.   (See Appendix Ì ). 
The semi-continuous charcoal based machines have a wide range of output 
characteristics.   It has been stated that the low performance machines operate 
with an extremely varied sinter burden and do not have raw material aiziug and 
grading facilities.   These differences would explain the variation of the production 
ratio from the best performance on this type of plant, which is good in comparison 
with world practice. 

We recommend that attention is paid to the physical quality of the feed 
materials.   By improving the sizing and mixing of the feed, more consistent sinter 
will be produced with a consequent reduction in the generation of recirculating 
fines which will raise output levels.   Sinter plant development is discussed in 
Chapter 7 (Article 7.2. ). 

3.3 Blast furnace ironmaking 

The blast furnace ironmaking operation in Brazil can be divided into two types 
of practice: coke and charcoal.    In 1971. approximately 3. 7 million tonnes of 
pig iron were produced using blast furnaces operating within the Brazilian steel 
Industry. 
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An inventory c/ blast furnace ironniaking installations is given in Tabic 3.4, 

TADLE 3. 4 - BLAST FURNACE INSTALLATIONS 
(Number of installations) 

Fui'nace 
Hearth Diameter 

Meters 

Year of commissioning 
•Total 
(1975) Before 

1940 
1940/ 
1955 

1955/ 
1970 

1970/ 
1975 

COKE PflACrrCE 

Below 7.0m - •- 1 - 1 

7.0m-   9.0m 
9.0m - 10.0m 

10.0m - 12.5m 
- 

2 3 

3 

5 

3 

CHARCOAL PRACTICE 

Below 2.0m 3 - 3 - 6 

2.0m-   3.0m 
3.0m -   4.0m 
4.0m-   5.0m 

- 
7 
1 
4 

2 
1 

1 8 
3 
5 

TOTAL 3 14 10 4 31 

Note: All furnaces have been included at original start-up date. Major rebuilds 
have not been included. Only furnaces in the 47 plants listed in Table 1.1 
are included. 

Nearly two-thirds of total pig iron production was obtained from coke based 
furnaces and the rest from charcoal furnaces.   After the completion of the 
present development programme, the blast furnace ironmaking pattern will 
change significantly, reducing the proportion of charcoal iron from 32 percent 
to   13 percent.   This changing pattern of iron production is shown in Table 3.5. 

The coke based blast furnaces have the larger diameters and are in operation 
at the flat products works.    They were the economic size of furnace at the time 
they were installed - many of them before 1955 - but they are now small by the 
standard of modern installations.    However, the three new furnaces being installed 
for the expansion of the three flat products works will be large furnaces of between 
10 and 12. 5 metres diameter. 

The charcoal based furnaces have, as usual, smaller hearth diameters. 
Recently only one charcoal blast furnace has been installed at a new integrated works 
and proposals for building any more are not being put forward although some of the 
very small diameter charcoal furnaces operating in the country may be rebuilt to 
larger hearth diameters. > 
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TABLE 3.5 - IRON PRODUCTION PATTERN 

Basic 
reductant 

Output of pig iron 

1971 production 1 Blast furnace ironmaking    * 
capacity on completion of present 

development progra nunc 

million 
tonnes /o 

million tonnes 
% 

Coke 

Charcoal 

Total 

___ .i.- - 

2.5 

1.2 

68 

32 

9. ó 

1.4 

87 

13 

3.7 100 11.0 300 

1. Estimated from IBS quaxterly statistical information 

2. Blast furnace capacity only.   Actual iron make will be lower 
owing to limited sinter plant and/or cokemaking capacity. 

Opera ting_ practice 

The blast furnace operations are based upon the use of high grade indigenous 
lump ore and sintered fines.    The use of sintered fines in the blast furnace 
burden will increase due to the physical characteristics of the indigenous ore which 
is friable and breaks down within the blast furnace.    In the expansion plans of the 
large integrated works additional sintering plants have been included to ensure adequate 
production facilities.    In future a proportion of oxide pellets will also be included 
when the pellet making facilities in Brazil are expanded sufficiently to supply the 
domestic as well as the export market. 

The performance of blast furnace ironmaking installations is shown in 
Table 3.6.    In the presentation, criteria such as the blast furnace output index, 
the output rating and the corrected fuel rate (coke or charcoal as appropriate) 
to produce one tonne of liquid pig iron are used;  these are defined in Appendix J. 

The blast furnaces operating on coke have an output index range of 44 - 58, 
which is accounted for by the differing character!sties of the lump ore and sinter 
feedstock being used.   Both the output index range and the output ratings are lower 
than good world practice levels, which are respectively over 100 for the output 
Index and 2.5 tonnes of hot metal per cubic metre per day for the output rating. 

The range of coke usage indicates a deviation of approximately 10 percent up 
or down and this is again accounted for by the variations in raw materials and 



-^^ 

» 

^ 
36 

TABUï .1. 6 - 1R0NMAK1NG PLANT PERFORMANCE 

Blatt furnace    1 Number ot furnaces blast furnace 
output index 

(:¡OI) 

Output rating 
toimes hoi 
metal/m3 

day 

Corrected 
fuel rate 
kg/tonne 
hot metal 

Coke/Charcoal 
rate kg/tonne 

hot metal 
Hearth diameter Installed Analysed 

COKE PRACTICE 

5 5 44- 58 
(61) 

1.0-1.4 
(I.") 

635- 101 
(655) 

460-635 
(538) 

7.00 to 8.0m 

CHARCOAL 
PRACTICE 

Below 3.0m 13 9 19- 38 
(29) 

0.35 634- 960 
(845) 

630-960 
(778) 

Above 3.0m 9 8 13- 35 
(") 

0.53-1.1 
(0.9) 

68C - 843 
(746) 

642- 843 
(762) 

Note :    1.   Only charcoal blast furnaces at plants included in Table ]. 1 
have been included. 

2.   Figures in brackets (....) are averages. 

I 

operating conditions.    The coke rates are higher than the world standard oí about 
450 kg per tonne of hot metal for furnaces operating with a fuel oil injection vaie 
of approximately 60 kg per tonne of hot metal. 

The charcoal furnaces have been divided into two sections - above and beiuw 
3 0 metre hearth diameter.    In both cases, the output index of the various furnaces 
are widely different and the charcoal usage figures also cover a wide range.    It 
is considered that these wide differences can be attributed to the varying physical 
properties of raw materials used, the works facilities available for raw material 
preparation, the method of operation and management. 

A modern charcoal furnace is expected to operate at a charcoal rate of 
525 kg/tonne of hot metal with a fuel oil injection rate of 40 kg/tonne, charcoal 
Injection of 60 kg/tonne and output rating of 1.6 tonnes/md/day.    It can be seen 
that the performance recorded in Table 3. 6 does not meet these standards. 

FbS8ibllities_for_ short term improvements 

(a)   Coke practice furnaces • 
We recommend that some action should be taken to improve the output index 

and output rating of the blast furnaces tabled above.   This should include an attempt 
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to improve burden preparation by such means as:- 

(i)      Remove fine iriateiia.'y of let.a man JOnuu from the burden by providing 
adequate screening fnciltt ¡r >• prior to the furnace rhnrg-ing, 

(ii)      Carry out metallurgica J testn to determine tlie optimum particle size 
of the burden materials, and apply the results. 

(iii)      Consider using 100 percent sinter burden. 

Burden preparation lias been discussed in Chapter 7 with respect to iron ore. 
Ito importance to the blaut furnace operation (which is discussed in Chapter .10) is 
that the efficiency of furnace operation is related to the particle size distribution 
of the burden materials.   Improvements in burden preparation must therefore be 
made to achieve full benefit from operational improvement techniques.   An immed- 
iate increase of furnace productivity of 10-15 percent can be expected from an 
operation using prepared burden over that using unprepared burden undei the same 
operating conditions. 

Consideration of an all-sinter practice is recommended because the nature of 
some Brazilian ores resulta in an accumulation of fines during the handling of the 
burden prior to charging, and during the metallurgical operation.    The adoption of 
all-sinter practice will lead to consideration of the use of self fluxing or super basic 
sinter.    The preci se burden composition offering the greatest improvement can 
only be determined by specific trials in each case.   The merits and demerits of 
self-fluxing and superfluxed burdens are discussed in Chapter 7. 

It is also important that some reduction in the coke rate should be achieved. 
If the average coke rate of 538 kg shown in Table 3. 6 could be reduced to 475 kg, 
the saving of more than 60 kg per tonne of hot metal would effect a reduction of 
approximately 5 percent in the cost of iron.   It should be possible to reduce the 
coke rate by such means as:- 

(i)      Using direct fuel oil injection, particularly since Brazilian fuel oil has 
a very low sulphur content.   A rate of 60 kg per tonne of hot metal should 
be attempted, although it may not be possible to achieve this in every 

case. 

(ii)    Making provisions for the use of an oxygen enriched blast. 

(ili)    Using higher blast temperatures and top pressures. 

These techniques have been discussed in greater depth in Chapter 10. 

On the basis of the information available to us, we believe that injection of 
50 kg of fuel oil per tonne of hot metal and a blast temperature of 1Ü5Ü C wili 
be attainable levels in most cases.   Any improvements beyond these levels must 
be investigated with respect to the facilities available as they may require major 
plant modifications and also the use of oxygen injection.   We cannot, without 
further detailed study, indicate the balance between oil injection and oxygen enrich- 
ment, or the top pressures which might be aitai nable ii: specific cases.   It is our 
opinion, however, that application of these techniques after study could raise the 
average output index of the coke based Mast furnaces to over 70, with the larger 
and recently rebuilt furnaces attaining an index of iiO or more. 
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(b)  Cha renal pnict ice fm nr.c.n* 

The output index of the charcoal practice fin nace? is also low and some 
Improvements can again be expected by improving the composition and sizing of 
the binden.    Charcoal consumption rates arc high and this could be reduced by 
fuel injection and charcoal fines injection. 

3,4, Other ironmnking processes 

At present electric smelting furnaces are in operation at the steelworks of 
Mannes mann and Aces ita, where these furnaces are in use in conjunction with 
charcoal blast funiacus.    In 1971, about 0.15 million tonnes of pig iron was 
produced from these furnaces. 

liiere are two electric smelting furnaces at Mannesmann;  each has an 
electrical rating of about 1? MVA.   These furnaces have been operating since 1956. 
The existing 17 MVA furnace at Aresita was installed in 1963.   At this works a 
second smaller furnace with a rating of 4, 000 kVA is now being erected.   It is 
intended that ilns smaller iurnace will be used for ¿he production of fcrro-alloyc. 
No further increase in this type oí production is envisaged. 

The two electric iron making furnace installations work under considerably 
different conditions in that one unit operates inter injttently due to a mixed programme 
and inadequate power supply and the other unit: operates as a regular production plant. 
An examination of the power consumption figure for the continuously operating furnace 
indicates that it operates on an acceptable power consumption basis of 2,100 kWh 
per tonne.    The other furnace operates at a power consumption figure of about 
20 percent above the larger unit. 

Two direct reduction ironmaking plants based upon the SL-RN and IlyL 
processes are at present in the course of erection.    The industry as a whole will be 
scrutinizing the operations of these two plants, particularly the operation of the 
SL/RN plant using indigenous coaJu, to determine the future role of this process 
in Brazil. 

Direct reduction 

Two direct reduction plants are under construction during 1971 and should be 
commissioned by 1973.   The details of these are ns follows: 

Company Type of Equipment Rated annual output 
of sponge iron 

Piratini SL/RN 65,000 tonnes 

U s Iba Hy L 260,000 tonne s 
(at 86% Fc, equal to 

220,000 tonnes Fe) 

The industry as a whole will be scrutinising the operations of these two plants, 
particularly the operation of the SL/RN plant using indigenous coals, to determine 
the future role of this process in Brazil.   (Cf. Chapter 11). 
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CHAPTER 4   - EVALUATION OF THE EXISTING STEELMAKING PLANT 

**J    P*ant characteristics 

The steelmaking processes employed in Brazil arc open-hearth, BOF, 
and one small Bessemer converter.   In 1971 approximately 6.0 million ingot 
tonnes were produced.   Nearly all of this tonnage wa¡> produced by open hearth, 
BOF and electric arc installations, with only a nominal amount from the 
Bessemer plant which it is understood will cease production by 1972.   After 
the completion of the present development programme, the steelmaking 
production pattern will change significantly, as Indicated in Table 4.1. 

TABLE 4.1  - STEEL PRODUCTION PATTERN 

Steelmaking 
process 

Tonnage and percentage 

1971 Production 
Capacity on completion of 

present development programme 

million tonnes % million tonnes % 
r  • 

Bessemer 

Open-hearth 

BOF 

Electric Arc 

Total 

0.1 

2.4 

2.2 

1.3 

6.0 

1 

40 

37 

22 

100 

1.0 

7.2 

2.6 

10.8 

9 

67 

24 

100 

An inventory of steelmaking installations is given in Table 4.2. 

39 
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TABLE4.2 - STEELMAKING FURNACE INSTALLATIONS 
(number of installations) 

Type of furnace 
and rated furnace 

capacity 

Year of Commissioning 

Total 
Tonnes Before 

1940 
1940/1955 1955/1970 1970/1975 

BESSEMER 

40   -   60 - 1 •• - 1 

Total - 1 - - 1 

OPEN HEARTH 

Less than 20 4 - - - 4 
20  -  40 5 3 5 - 13 
40   -  60 - 7 4 2 13 

200 8 8 

Total 9 18 9 2 38 

BOF 

Less than 20 - - 2 - 2 
20  - 40 - - 2 1 3 
40  - 60 - -. - - - 

60  -  80 - - 4 - 4 
80  -100 - - - 4 4 

100  -200 - 4 4 

Total - - 8 9 17 

ELECTRIC ARC 

Less than 5 - 5 6 - 11 
5   -  10 1 8 6 - IS 

10  - 20 - 7 10 1 18 
20   - 40 - 3 8 2 13 
40  -  60 * 4 3 7 

Total 1 23 34 6 64 
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II can be seen there are a large number of open -hearth furnaces, which are 
WCl"}dn ; !>' '>?~h il1'«' ^. >•,'•: i"'1 nnd se)11' -inW'gr >1 ed woi'V.*,    "The nprn -hen ri h shop of 

CSN is being replaced by a BOF B'.eolmaking shop and will cinse completely an 
soon as the new shop lias reached <* mtisfi-ctory production level.   Their use in 
otlier integrated works will prolwbly cease once new BOF steelmaking facilities 
are installed.   The use of open-hearth furnaces in smaller semi-integrateci 
works is different in lliat they will roo.st probably be economic te operaie for 
some time to come.   Some of the more modern installations may be able to 
benefit from new developments in oxygen injection, discussed in Chapter 12. 

The development of electric arc furnace practice has followed world 
developments, and the only changes expected to the existing situaüoü would be 
the repowcring or rebuilding uf the older and smaller units.   The last remaining 
Bessemer furnace is part of a Duplex operation, which is suitable to the current 
circumstance:.;, but will in due course be replaced by a BOP im;ta'kit¡.cr!.   In 
general, the existing plani - including many of the ROF furnaces - was 
com m is s ion ed some years ago and is therefore small in size and does not have 
the benefit:; of scale associated with a modern BOF furnace. 

^'2 Operating practice 

The hot metal processes are predominantly open-hearth and BOF, although 
much of the non-flat production is from scrap based electric arc funuces. 
Open-hearth und electric arc furnaces are also operating on all colri charges. 

The development plan;; of the large flat product plants will increase: the 
tonnage of BOF steel considerably, while the closure oí til" only large open - 
hearth shop will reduce the open-hearth tonnage.   Tac operations of electric 
arc furnaces using hot metal will remain dependent upon the availability cf scrap. 

In the non flat sector of the industry a large proportion ot the plants will 
continue to use boih open-hearth and electric furnaces on cold practice, but 
generally the expansions in this sector propose the use of electric arc furnaces. 
The open-hearth shops will continue to operate with varying scrap to pig 
iron ratios.   There will be two electric arc shops using directly reduced sponge 
iron asa cold feedstock, when the SI,/RN plant of AFP and the Hyl. plant of 
US113A come into production. 

Basic oxygon steelmaking (BOF) 

In the BOF installations of the flat products sector, the process being 
used is in line with normal plant operations using approximately 20 percent 
of the metallic charge as scrap.   In the »luciller .uïsta.u.aLj.uns luv SíüU flí*.t 
production, there are ce ita in variations to suit die local conditions;   scrap 
proportions as low as 10 percent and as high as 40 percent are used in particular 
cases as expedients to mset these conditions. 

» 
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The performances of flic various BOF steelmaking operations at present in 
operation arc shown ia Table 4, ?,,   The comparison has been made on the basis 
of output: in tonnet, pei hour, iaj.» !:o lap times, and consumption of oxygen per 
toiuiu.  (See Appendix 1 ). 

TABLE 4.,S - BOF STfiELMAKINC PERFORMANCE 

Nomi ail 
capacity 
of vessel 

13.5 t 
25 t 
40 t 
70 t 
75     t 

Number of furnaces 

Installed 

2 
2 
2 
2 
2 

Analysed 

2 
2 
2 
2 

T 
Ouiput in tonnes 

per hour 

26. 3 - gross 
63.0 - average 

120.0 - average 
56.0 - minimum 

Tap/tap 
time 

(minutes) 

57.0 
42,0 
35.0 
80.0 

Oxygen: 
normal cubic 
metres per 

tonne 

70.0 

56.0 
50.0 

The operations of the BOF units appeared to be generally competent, but 
local shortages of liquid iron and other differences in operating conditions 
have caused a wide rouge of heat times - some of the tap to tap times in the 
table aie exceptionally long.   On:: plant is operating Pt? lev/ level of performance 
due to hot meta) shortage and another is operating with a scrap preheating 
technique which lengthens the heat time by up to 20 minute;;; in each case these 
are reactions to prevailing conditions.   The stated consumption of c::y^n r.lso 
varies considerably,  but in the best ease compares favourably with world practice; 
during visits to the plants, oxygen flow-rate s and blowing times were discussed 
and observed to be generally at normal levels.   The limited information on 
refractory consumption indicates au average of 3.75 kg/toune with au average 
lining life of approximately 400 heats, which could be bette i in view of the 
quality of the dolomite and magnesite refractory materials reported to be- 
ava Hablo in the country, although it compare:; well with v/ e rid good practice. 
It may be possible to improve the brick quality or the furnace lining techniques used. 

The existing plants have every opportunity of working at the high performance 
levels achieved inter nationally but to maintain good utilisation of the furnaces it i 2 
important to ensure good management practice and the best balance of facilities. 
Among the many possible steps, the following are typical:  check that the materials 
flow through the plant is satisfactory; ensure adequate supplies of hot metal; ensure 
adequate supplies of scrap; ensure adequate supplies of oxygen; provide casting 
facilities capable of receiving the maximum throughput ot molten steel; increase 
the lives of furnace linings by improvements in the qualities of refractory bricks. 

Open-hearth steehnaking 

The performances of the various open-hearth furnace installations, in 
terms of gross annual output, expressed as tonnes per hour, are shown in 
Table 4.4. 
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TABLE 4.4 - OPEN HEARTH STEELMAKING PERFORMANCE 

•Furnace nominal capacity 
tonnes 

Number of furnaces Gross output 
tonnes per hour 

Installed Analysed 

Below 20 t 

20t-30t 

30t-40t 

•601 

•200 t 

1 
16 

10 

4 

8 

1 
12 

10 

4 

8 

2.3 
1.9-5.4 

(3.4) 

2.8-4.3 
(3.9) 

4.0 

26.8 

• Note: the furnaces in the 60 tonne and 200 tonne capacity groups are 
respectively in single steelmaking shops. 

The open hearth furnaces work under greatly varying conditions of hot and cold 
charge, plant layout and supporting ancillary services, especially scrap charging. 
The spread of the output figures over the whole range of nominal furnace 
capacities confirms the effect of these different conditions.   All of the furnaces 
seen during the works visits are oil fired which should give good melting istes 
but in most cases scrap handling and charging arrangements are inadequate 
and cause long charging times.   The low gross output results together with the 
low utilisation figures indicate either that furnace major repair times are 
extensive or that furnaces are deliberately kept in reserve after repairs.   There 
are several instances of open-hearth furnaces being held in reserve as an 
operating insurance and to balance hot metal and scrap availability. 

Electric arc furnace_sjeelmaking_ 

Electric arc furnaces ¿enerally operate on conventional cold charge practices, 
including the use of oxygen, and in one instance the preheating of scrap external 
to the furnace is practised.  The proposed new arc furnaces have high power 
transformer ratings in accordance with modern plant specifications. 

The performance of the various electric arc furnace installations has been 
shown in Table 4.5.   The operating performances have been compared on the 
basis of gross annual output, expressed as tonnes per hour, and electric 
consumption as average kWh per tonne. 

The performances of the electric arc furnaces which have been included in 
the table show a spread of results very similar to the open hearth furnaces.   In 
this respect it must be remembered that the steelmaking shops often combine 
these two processes and they are each affected by the greatly varying conditions 
of liquid metal and cold scrap charge, plant layout and supporting ancillary 
services.   The power consumption of the furnaces expressed as kWh per tonne 
must vary according to the furnace charge and type of steel being produced but 
generally these figures are high in comparison with, for example, the leading 
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TABLE 4.5 - ELECTRIC ARC ST E EL MA KING PERFORMANCE 

Power 
Furnace 

nominal capacity 
Number of furnaces Gross output 

tonnes per hour 
consumption 
kWh/ tonnes 

(tonnes) Installed Analysed 

up to 21 8 2 0.42 - 0.64 780 - 720 
3 t - 4 t 7 3 0.24-0.68 

(0.46) 
630 -  850 

(-) 
4t-5t nil - - - 

6t -lOt 17 9 1.57 -3.28 
(2.8) 

556 - 727 
(638) 

101 - 15 t 10 3 (3.95) - 

16 t - 25 t 3 - - - 

26 t 1 1 5.06 848 
27 t - 34 t 3 
34 t - 44 t 5 4 5.4 -8.8 572  - 664 

(8.0) (595) 

Note: The low number of furnaces analysed is In many Instances due to the 
Information being available on a shop basis which could not be separated 
for the Individual furnaces. 

US electric arc steelmakers, whose consumption ranges from 400 to 500 kWh/ 
tonne for carbon steel and 500 to 600 kWh/tonne for alloy steel.    Some works 
are suffering from local power shortages which can seriously affect their performance, 
particularly as they are usually the first industrial companies to be shut down in 
power cut situations.   The scrap is often of low density and poor quality which 
could affect both power consumption and refractory consumption due to multiple 
•crap charges during the heat and the resulting physical damage. 

yjwuum .degas s ing_ 

Up to 1971 Villares was the only company operating a vacuum degassing plant. 
This was commissioned in 1968.   In the expansion plans for the 1975 production, 
one other plant has been proposed.   The details of installed vacuum degassing 
plants in 1975 would then be as follows : 

Company                        Type of Equipment Heat Size 

Villares                            ASBA 20-30 tonne 

Piratinl                               ASBA/SKF 15 - 40 tonne 

Possibilities for short term improvements 

The existing BOF plants have every opportunity of working at the high performance 
levels achieved internationally but to maintain good utilisation of the furnaces it is 
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tmportant to ensure good management practice ami the best l.ialanee of facilities. 
Among Ilio many possible stens, wc recommend the following:  check that the 
materials flow through the plant is satisfactory; ensure adequate supplies of hot 
metal; ensure adequate supplies of scrap; ensure adequate supplies of oxygen; 
piovi de canting facilities capable of receiving the maximum throughput of molten 
steel; increase the lives of furnace linings by improvements in the qualities of 
refractory bricks.   Developments in ÖOF steclmaking arc described in Chapter 12. 

For both electric arc and open hearth furnaces, it is considered that materials 
handling problems are the main cause of the output levels, which are low by 
comparison with world good practice.   (See Appendix 1).      Improvements again 
depend on good management, and we recommend that attention be paid to such 
factors as improved scrap purchasing, sorting and baling procedures;   scrap 
preparation and handling;   improved furnace charging procedures.    Such measures 
as these should lead to cuts in tap to tap times and so raise the commercial out- 
puts of the plants.    Developments in open-hearth steelmaking have been considered 
in Chapter 11.    Electric arc steelmaking is discussed in Chapter 13. 
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CHATTER 5 - EVALUATION OF THE EXISTING CASTING AND 
ROLLING FACILITIES 

I 

5.1 Catting and primary rolling 

The casting process predominantly used in Brazilian steelworks is 
conventional ingot casting, followed by primary rolling, although a large number 
of smaller steelworks produce small ingots which are suitable for rolling directly 
en the finished product mills without the need of primary rolling facilities. 

Ingot casting procedures can be subdivided into three significant areas. 
Firstly the large flat products plants have modern conventional equipment for 
producing and handling ingots; secondly in the non flat sector there are plants 
using various casting techniques to produce ingots of up to about 4 tonnes which 
suit the limitations of their primary mill; thirdly there are the plants using 
uphill casting methods to produce small ingots only, which are fed directly to 
the mills as billet making feed stock. In addition continuous casting of billets is 
practised at two works, for the limited production of normal carbon steels. 

On completion of die development plans for 1975, the flat products sector will 
•tart to produce a large tonnage of continuously cast slabs, and the non flat sector 
will considerably increase its production of continuously cast billets.    The 
adoption of continuous casting by the special steels manufacturers is unlikely to 
be considered until their expansions go beyond their present primary mill 
capabilities.    The continuous casting plants proposed by the flat products works 
•re intended either to supplement existing primary rolling facilities which are 
being fully utilised or to avoid the need for additional expensive primary mill 
equipment. 

The existing and planned continuous casting installations are listed in 
Table 5.1. 

The ingot casting and primary rolling mill facilities which are in operation in 
the larger plants will almost certainly remain in operation for some years although the 
additional capacity required for expansion plans will most probably involve the 
building of continuous casting plants, which would be the modern solution to meet 
the casting requirements.     Some of the small companies producing billet size ingots 
for rolling directly on the secondary mills are also considering the installation 
of continuous casting plants to replace their ingot casting procedures; this is a 
trend which is likely to develop. (Cf. Chapters 15 and 16). 

45 
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Company 

EXISTING 

Non flat producta 

RtograndeMe 

Dedil* 

PROJECTED 

Flat product! 

CSN 

Ualminai 

Paini 

Colavi 

Ualba 

Coalpa 

Number of 
machines 

S 

t 

S 

1 

1 

1 

Number of 
atranda 

per machine 

1 

S 

Heat aite 
(tonnea) 

IS 

S 

S 

I 
« 

riamJd for 1975 -19« 

000 t/y) 

ISO 
ké00,000t/y) 

Product 
(mm) 

110x120 

US x 125 

ISOx 1260 
ISO x 10SS 
ISO x 8S0 
ISO x 790 

160 x 910 
2S0 x 1750 

25 80x80 
120 x 120 

15 80x80 

120 80x80 
160x160 

m 
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§ For ease of reference, both the primary and secondary rolling milla are 
Uated In Table S. 2 below, which includes existing installations, those under 
construction and mills planned for 1975. 

TABLE S. 2. - ROLLING MILL INSTALLATIONS 
(number of installations) 

Type of mill 
Year of commissioning 

Total Before 1940/ 1955/ 1970/ 
1940 1955 1970 1975 

FLAT PRODUCTS 

2 1 3 Primary mill 
Plate mill - 2 1 2 S 
Hot strip mill - 2 1 - S 
Cold mill - 2 1 1 4 
Special plate mill - 1 - 1 2 

NON FLAT PRODUCTS 

1 9 14 1 25 Primary mill 
Intermediate mill 2 10 15 1 2t 
Finishing mill 2 12 17 1 32 
Continuous mill - - 1 S 4 
Seamless tube mill 1 1 

- 
2 

Note:   1.   The original Ace sita special steels flat products mill is expected 

to remain available for individual rollings. 

2.   Semi-continuous mills are included with the finishing mills. 

S.   Temper mills and skin pass mills are not included in the Table. 

4.    The welded tube mill of CSBM (Companhia Siderurgica Belgo Mineira) 

has not been included.    The narrow strip mill of CSBM has atopped 

operation. 

Ì 9 

S. 2 Secondary rolling 

The rolling mill installations have developed in a pattern in which it ia 
common for several types of product to be supplied from each plant.   The large 
flat products mills are of conventional design in the context of small-scale 
operations in a developing country, all three combining plate and strip 
production.   The plant of CSN also incorporates a medium-heavy section mill* 
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Since these mills are being used to roll both strip and plate, they suffer the 
attendant loss of economies due to finishing equipment standing idle.   Moreover 
they are not kept fully occupied, due to lack of steel, and are not therefore 
operating at their economic load factor. 

Over half the flat product mills were commissioned prior to 1955, and no 
significant changes are envisaged in the intermediate and finishing mill arrangements 
of this sector. 

I 

In the smaller plants of the non-flat product sector primary and intermediate 
mills provide materials for several separate finishing mills.    Seamless tube 
production is restricted to two plants, although in both plants tubes are not the 
only mill product.    Some of the mills in this sector were commissioned prior 
to 1940, and many of them were installed with the emphasis on hand operation. 
There are proposals at works engineering level to rebuild the older, run down 
and inefficient mills, and the expansion schemes indicated in Table 5.2. include 
modern continuous and semi-continuous mills which will provide operational 
advantages as well as close tolerances of final products. 

The mill practices used in the various sectors of the industry are considered 
to be essentially in line with operating practices elsewhere, (See Appendix 1). 
The mills have generally been supplied by recognised world manufacturers and 
the layouts of mills, heat treatment facilities, coating lines, and finishing lines 
closely follow conventional layouts. 

Performance of flat product mills 

Table 5.3 shows the operational results, in terms of the tonnes of product per 
hour from the different mill equipment, for the three large flat products mill 
complexes. 

TABLE 5.3. - FLAT PRODUCTS MILL PERFORMANCE 

Type of mill 
Number of mills 

Tonnes per hour 

Installed Analysed 

Primary mills 
Plate mills 
Hot strip mills 
Continuous cold mill 
Semi continuous cold mill 

3 
3 
3 
2 
1 

2 
2 
2 
1 
1 

175 - 242 
25- 80 

123 - 180 
90 
33 

Note: The figures are given as provided by the industry and we were not 
in a position to check their accuracy. 

m 
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> With the possible exception of the hot strip mills which are similar in design 
and duty, the figures available for the mill installations are not suitable for 
direct comparison purposes.    In addition to the basic differences of the rolling 
programmes some slabs are purchased, in one instance due to steel shortage, 
which prevents a direct rolling balance comparison.    However, with the 
exception of CSN, the flat products mills are gent rally working at capacities and 
utilisations   well below design; this situation should alter when the expansion 
projects are completed and the mill complexes come into more balanced operation. 

Performance of non-flat products rolling_mills_ 

The various types of mill in the non flat sector have been arranged into 
similar groups and the operations compared on the basis of gross tonnes of 
product per hour.    The results are shown in Table 5.4. 

TABLE 5.4.  - NON FLAT PRODUCTS MILLS PERFORMANCE 

Type of mill 

Primary mills 

Medium heavy section mill 
General mill complexes 

Below 25,0001 

25.000-100.0001 

Above 100.0001 

Number of mills 

Installed 

41 

1 

7 

14 

9 

Analysed 

1 
5 

1 

7 

11 

S 

Gross output 

71 
10-28 

H 

50 

3.6-7.3 
(5.5) 

5.66-15.0 
(8.7) 

20.7-22.6 
(21.4) 

Note: Only a small number of Priman Mills were analysed because it 
was not possible to separate the performance from the overall mill 
operations.   The figures used are those given by the industry, and 
we are not in a position to check their accuracy.   Figures in brackets 
(...) are group averages. 

The mills in the general non flat area operate with widely different product 
rolling programmes.   The grouping of annual tonnages tends to bring the mill 

si 
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> 

complexes into approximately similar product mix groups.    The mills of capacity 
below 100,000 tonnes per year producing light sections, rod and bar are fairly 
widely spread in gross output figures which would be expected from the range of 
of possible product mixes.    The ranges of production also reflect the pattern 
of utilisation of equipment and manpower from which the indication is that many 
of these mills work at close to full capacity.    Some mills are working with 
purchased semi-finished materials due to a shortage of steelmaking capacity 
at the plant. 

It is not possible to comment on the mill outputs without referring to details 
of the mill construction and layout and attempting to rationalise product mixes. 
Mill yields from ingot or billet to finished materials are also widely variable 
which again i 3 due to product mix and methods of operation. 

Possibilities for short-term improvements_ 

There are always opportunities to extend mill capacities by minor investments 
in such items as shears, cooling beds and reheating furnaces; by rationalisation 
and simplification of the product mix from any one mill; and by planned 
maintenance.    The exact remedy, however, is unique to each mill, and it is not 
possible to comment on the entire range of possible mill improvements; we 
recommend that specialists in mill layout should be consulted for each case. 
(Cf. Chapter 17 and 18). 

> 

5.3 Tubemaking 

There are two seamless tube mills now in operation.    The smaller of the two 
was installed in the period 1940 - 1955 and the larger was commissioned between 
1955 - 1970.    The processes utilised are extrusion for up to 100 mm diameter tubes 
and rolling up to 275 mm diameter.    Only the larger of the two works is fully 
equipped with finishing end equipment suitable for the production of all types and 
specifications of tubes as well as fabricating facilities for some tubular products. 
(Cf. Chapter 19).   It should be noted that these plants manufacture other products 
in addition to tubes. 

Because of the difficulty of obtaining comprehensive information about the large 
number of small plants contributing to the total production of welded tubes, we have 
been forced to exclude these from detailed consideration.    Of the larger operations, 
however, it is reported that the welded tube mill of CSBM (Companhia Siderurgica 
Belgo-Mineira) will be closed down in the near future, while a new welded tube mill 
is under construction at Mannesmann. 

i 

5.4 Coating processes 

The continuous coating lines of the CSN works are the only coating plants 
for flat products installed in Brazil.    At the present time two electrolytic tinning 
lines and two hot dip galvanising lines are in operation, but two additional 
electrolytic tinning lines and a continuous galvanising line are included in the 
development plan for the period up to 1975.   The new coating plants will include 
all the necessary modern ancillary equipment and some modifications are being 
made to the existing lines to increase production and efficiency. 
(Cf. Chapter 20). 

It 
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5.5 Finished products 

Within the broad categories of flat and non-flat products, the various items 
have certain generally applicable dimensional ranges which are shown in 
Tables 5.5 and 5.6. 

Although the industry is capable of providing the vast majority of the range 
of products required by the consumers, there are certain dimensional limitations. 

With regard to flat products, the main dimensional constraints are width. 
Plates are at present limited by the maximum mill size of 2.7m, but the 
installation by 1975 of the plate mills at Cosipa and Usiminas will increase 
the mill size to 4.0m. 

In the non flat sector of the industry, dimensional limitations do not appear to 

TABLE 5.5. - FLAT PRODUCT RANGE 

I 

Type of mill 

PRIMARY MILLS 

PLATE MILLS 

HOT STRIP MILLS 

COLD STRIP MILLS 

Dimensional Range 

Slabe      1.2 - 1.65 m maximum width 
200 - 400 mm thickness 
5.50 - 7.0 m length 

Plates 1.2m, 1.6m and 2.7m width 
6.00mm to 78. Omm thick 
10.6m to 12.5m maximum length 

Hot Rolled Strip 

1220,1600 and 1829mm max. widths 
1.52mm to 9.5mm thickness 
12 t, 13t, and 101 maximum weight 

Cold Rolled Strip 

1310 and 1660 maximum widths 
0.30/0.38 to 2.66mm   thickness 
181 and 211      coil weight max. 

«ita 
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TABLE 5.6. - NON FLAT PRODUCT RANGE 

» 

I 

Type of mill Dimensional range 

PRIMARY MILL 
Billets Up to 150 x 150 mm square - common sice 
Blooms 220 x 220 mm square 

180 x 300 mm. 
SECTION MILLS 

CSN Raus TR25, -TR57, 24.7 - 56.9 Kg/M 
100 x 100 mm - 150 x 150 mm Universal 
sections 
90 x 40 - 380 x 85 mm Channel 

• 75 x 60 - 510 x 175 mm Joist 

65 x 65 - 200 x 200 mm Angles 

OTHERS Sections up to 125 mm maximum dimension 
Plats 3 mm to 25 mm thick 

up to 100 mm wide 
Squares up to 125mm 
Bars up to 150mm dia 
Angles up to 100mm maximum dimension 
Reinforcing bar up to 37.5 mm diameter 
Wire rod down to 5 gauge (5.5 mm diameter) 

TUBES Up to 150mm and 250 mm diameter 
Maximum length 6.0m 

WIRB 0.2mm to 4.8mm diameter 

» 

introduce any serious constraints.  At the present time the industry is capable of 
producing medium sections up to 500mm from the mill of CSN.   However, should 
the demand for larger dimension structural steel sections increase it would 
be necessary to consider additional production facilities either in the form of new 
rolling mills or welded fabrication shops. 

?t.eJeJ[. Syf^SY .limitations 

The manufacturing facilities available by 1975 will be capable of producing 
virtually all qualities of steel.    In addition, many of the companies in the industry 
have technical know-how agreements covering all aspects of steel qualities, with 
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internationally reputable steelmakers auch as United States Steel, Crucible Steel, 
*Bofors? Nippon and SKF. 

As the industry has the necessary plant and equipment and the access to 
technical process expertise, steel quality should not be a long term constraint 
on the industry. 

Products beyond plant_ capability 

Table 5.7 shows the actual tonnage for 1969 and the estimated tonnages for 
1975 of those materials which must be imported because there is no facility for 
producing them in Brazil.   The figures in Table 5.7 have been extracted from the 
total import statistics, but in many cases the official classification does not permit 
an exact definition of product or tonnage.    Only products of which more than 100 
tonnes per year are imported have been shown.    It is considered that all the 
products in the table will continue to be imported in 1975, with the exception of the 
wide cold rolled strip.    The 1975 tonnage estimates have been calculated by 
assuming the same growth as for the general internal steel demand, this being 
11 percent per year compound increase on the 1969 import figures. 

It should be noted that the total steel imports in 1969 are recorded at 
approximately 500,000 tonnes.    In principle,the industry had the ability to 
manufacture all but the products in Table 5.7 which total only 100,000 tonnes. 
The other imports can be explained in terms of price, quality, delivery, order 
size, government policies and trading agreements. 

The 1969 tonnages do not warrant immediate major capital investment in 
any one product.    These imports are however, a reflection of the fact that the 
Brazilian industry lacks the following plants; 

a modern stainless steel strip plant 
a facility for grain-oriented transformer sheet 
a narrow hot and cold strip facility, say 600 mm, primarily for 
special qualities. 
a heavy structural mill, preferably a modern Universal beam and 
section mill, capable of rolling universals up to 600 mm. 
a 8kelp or narrow hot strip plant up to, say, 300mm 
a high precision rod mill for alloy steels. 

The implications of these shortcomings on the longer term planning for the 
Industry are considered in Section C; and appropriate recommendations are made. 

product tolera_nc_e_s_ andthe effect_ on jalant items _ 

Customer requirements tend increasingly to demand greater tonnages of finished 
products within close tolerances.   The total number of rolling mill installations 
can be subdivided into broad categories to give an indication of the tolerance of 
the finished product. 

The groups listed in Table 5.8. below are essentially based upon product types, 

II 
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Product definition and 
quality 

Tonnage 
Imported 

1969 

Expected 
tonnage to be 

Imported 1975 

SEMI FINISHED 

Alloy Steels 400 750 

FLAT PRODUCTS 

Alloy steel plates 
CR Sheet and coll above 

1. 5m width 

570 
tonnage 

not obtainable 

1.O70 

28.000 

Stainless alloy flats 14.000 nil 

Grain oriented  sheet and 
non oriented sheet 12.400 23.200 

Other alloys 1.000 1.870 

Narrow special steel strip 3.100 5.800 

COATED SHEETS 

Out of range tinned sheets 13.200 24.690 

Other coatings 2.900 5.420 

NON FLAT 

Rock drills 2.000 3.740 

Large profiles and piling 13.500 2S.250 

TUBES 

Special steel 840 1.570 

Special steel extruded 730 1.300 

Galvanised + 230mm 7.400 13.840 

Total excluding CR sheets 72.040 108.500 

Total Including CR sheets - 136.500 
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divided Into tolerance! by commercial grading, such as automobile materiale and 
reinforcing here.    The number of works In each group is aleo shown. 

TABLE 5.8.- EFFECTIVE PRODUCT GROUPS 

Group Description                          Number of Works 

1 Flat products                                                 3 

2 Tubes                                                            2 

3 Special steels - high tolerance                        4 

4 Non special steels - high tolerance 
(automobile)                                                   * 

S Non special steels - normal commercial       16 

6 Non special steels - low tolerance 
(re-bars)                                                    ** 

Total                  43 

It Is felt that no significant changes will occur In the special product group 
numbers 1 to 4.    The demand for products such as reinforcing bars manufactured 
in the remaining two groups, representing thirty installations, will remain high, 
and it is unlikely that any pressure for improving the product tolerances will be 
imposed on these mills.   However, any new null installations will automatically 
fall within the high tolerance groups. 

Ì 
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CHAPTER 6 EVALUATION OF WORKS PRACTICE 
AND PERFORMANCE 

Members of Atkins Planning and the two top strategists retained to advise us 
visited a number of companies - mainly in the Sao Paulo-Belo Horizonte-Rio de 
Janeiro triangle.   This was not a full survey of the industry, and the information 
obtained is not adequate to form a basis for categorical generalisation about the 
industry.   Nevertheless an assessment of performance in quantitative terms 
was possible as a result of our analysis. 

Discussions with top management and with department heads revealed an 
awareness in many companies of such opportunities for improvement as have 
been noted in earlier chapters.   Although in several cases active steps have 
already been taken to implement these, there appear to be other areas of 
concern to management of which the importance was not always fully appreciated. 
We have identified four such area s - the performance gap, management infor- 
mation, rationalisation and the role of new manufacturing processes.   In the 
following articles, current works practice and performance in Brazil is 
discussed in the light of these topics. 

6.1 Performance gap 

It is to be expected that within an industry which includes three large 
integrated works, several medium size works and a large number of smaller 
plants, the performance of these plants will differ considerably.   An indication 
of the rather wide range of performance has been given and discussed in the 
previous chapters.   In this respect Brazil is no different from many industrial- 
ised countries.   As in these countries, the objectives of management mujt be to 
bring the works at present operating at the lower end of the performance range 
up to the standard of the stronger companies, and the stronger companies up to 
the standards of good world practice.   We have noted that Brazil has some 
metallurgical problems - principally the poor availability of suitable coking 
coals - which are special to her own operations.   However, these cannot be 
seen as major problems when compared with those of other countries which 
make steel successfully, and they should not be allowed as reasons for failing 
to achieve high standards of performance. 

The performance gap, or the margin by which the industry fails to achieve 
its potential in terms of quantity, quality and cost of production, is primarily a 
function of process yield, use of plant capacity, manpower productivity and 

56 
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quality control; we have also considered the impact of management services, 
training, and technical support services. 

The process yields of the various process areas are shown in Table 6.1. 
The figures have been provided by the various works and it has not been possible 
to establish whether they have been calculated on a common basis.   The range of 
yields, however, is generally relatively small and the yields follow an expected 
pattern. 

TABLE 6.1   -   PROCESS AREA YIELDS 

Number of Works Process 
Process area Material Product yield 

percentage Installed Analysed 

Blast furnace ironmaking Fe in 
Coke practice 3 3 ironbearing 

charge 
Hot 
metal 

90 -92 

Steelmaking 
Open hearth 6 (Metallic Liquid) 87 -94 
Electric arc 
BOF 

26 
5 

9 
4 J  charge steel * 78 -95 

88 -90 

Rolling 
Plate 3 2 Slab Plate 83 -85 
Hot strip 3 2 Slab HRC* 96 
Cold strip 3 2 HRC* CRS* 96 -97 
Billet I « 7 Ingot Billet 85 -96 
Bloom 3 Ingot Bloom 91 -96 
Rod J     28 6 Billet Rod 88 -95 
Bar 5 Billet Bar 86 -94 

Note: The above yield figures were provided on the basis of individual works 
assessments and were not prepared on a common basis. The figures, 
therefore, cannot be used for direct comparison purposes. 

* HRC - hot rolled coil; CRS - cold rolled sheet. 
Methods of achieving short term improvements in process yields have been 

recommended in Chapters 3 to 5, but they may be briefly restated, as follows: - 

i)      In ironmaking 

ii)      In steel making 

iii)      In rolling 

improve burden preparation methods 

use more consistent practices to improve 
casting techniques and surface quality 

simplify the product mix and ensure that 
roll life is at a maximum. 
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Use of plant capacity 

The effectiveness with which the existing capacity of the industry is being 
used can be assessed by comparing the present outputs of the various process 
areas with their theoretical capacities.   The information required for this 
review was obtained from the series of reports for Instituto Brasileiro de 
Siderurgia which surveyed the industry, and has been summarised in Table 6.2. 

TABLE 6.2   - PLANT USE - 1969 

I 

Description 
of plant 

BLAST FURNACE 

Coke practice 

Charcoal practice 

STEEL MAKING 

Open hearth 

BOF 

Electric arc 

ROLLING 

Number of plants 

Plate 

Strip 
Hot 
Cold 

CSN -heavy section 
Light section and 
bar (common) 

Bar (non common) 

Rod 

Tube 

Plants 
Installed 

3 

10 

13 

5 

26 

3 
3 
1 

18 

13 

27 

2 

Plants 
analysed 

1 

3 

7 

8 

S 

10 

2 
2 
1 
5 

8 

14 

2 

Plant use 
percentage 

75 - 157 
(122) 

47 -102 
(77) 

48 -104 
(81) 

37 - 158 
(87) 

54 - 96 
(74) 

12 - 83 
(46) 

32 • 55 
53 -110 

42 
41 - 158 

(72) 
32 - 65 

(49) 
31 - 131 

(66) 
76 - 97 

(86) 

Note:        1. Plant use is taken as a percentage of the rated total output. 
2. Figures given are range of use percentage values and group average. 

3. Plate and strip are produced on the same mills. 
4. The Usiminas cold strip mill is a reversing mill of lower capacity. 
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In preparing this table it became clear that the rated capacities from which 
the use percentages were calculated were, in many instances, the plant 
manufacturers' ratings;  this accounts for the apparent anomaly of plant use 
percentages exceeding 100.   For the purpose of establishing a comparative 
analysis of use, however, it is only necessary to consider a set of capacities 
which are based on common parameters. 

It can be seen that the range of use for all process areas is very wide, and 
that on average the industry is operating at a point below the desired level. 

The mills are in general operating at a low rating, although this can often 
be attributed to a lack of feedstock supplies, and it should be remembered that 
mills are frequently capable - on basic design considerations - of output above 
the required tonnages.   Nevertheless, it seems that the methods of operation 
and die handling of maintenance and spare parts are contributing significantly 
to this low level of use. 

Similarly, in the steelmaking units, there are a number of conditions such 
as shortage of hot metal and the special operating practices designed to 
overcome the shortage of hot metal which, together with general maintenance 
problems, contribute to low levels of use. 

Some plants are operating at rates which give good plant use, but typical 
performances tend to approach the lower figures and this is, therefore, an area 
where efforts to improve on current practice would result in substantial 
improvements overall. 

Manpower productivity 

Process areas within the works have been analysed to establish the number 
of staff in each grade - management, skilled and unskilled workers.   The 
process areas have been divided into groups of similar types of operation for 
the purpose of the analysis.   The details are given in Table 6.3. 

The accuracy of the division of staff into the grades shown depends upon 
the interpretation of the individual works management;   although the numbers in 
each group may therefore not be strictly accurate, the area totals should be 
acceptable for comparison purposes. 

The range of the number of employees and the division into various 
categories show a very wide spread.   This is to be expected from the wide 
difference of operations even within similar groups of plants.   Generally, 
management supervisors account for approximately 10 percent of the staff. 

The average figures for skilled and semi-skilled workers tend towards 
the higher end of the range of numbers normally employed, which indicates 
a generally low effective use of manpower.   Tliis is supported by the 
analysis of manpower productivity shown in Table 6.4. 

In order to investigate the manpower productivity within the industry, we 
used the criterion of ingot tonnage produced per year per man employed. 

Information relating to two-thirds of the total list of companies was available 
and diese results have been grouped according to the nature of the works.   The 
details are given in Table 6.4. 
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TABLE 6.3 - MANPOWER - NUMBERS EMPLOYED 

Process groups 
Number of plants 

Totals 
Management 
supervisors 

Skilled 
workers 

Unskilled 
workers Installed Analysed 

IRONMAKING 

Coke practice 
Charcoal practice 

3 
13 

1 
3 

761 
107 -   459 

(230) 

79 
1 -   37 

(13) 

382 
7 -   237 

(82) 

300 
99- 185 

(135) 

STEELMAKING 

550.000 t and 
800.000 t 
20.0001 to 

150.000 t 
35 

2 

18 

389 -   505 

24-   395 
(169) 

34 -   44 

1 -   53 
(7) 

199 -   268 

3 -   115 
(32) 

156 - 193 

15 - 543 
(148) 

ROLLING 

Group 1 11 65 -   516 
(227) 

1 -   24 
(5) 

2 -    80 
(23) 

46-506 
(198) 

Group 2 38 3 466 - 913 
(635) 

24 - 131 
(83) 

4 -   389 
(197) 

175 - 497 
(355) 

Group 3 2 1247 - 158: 91 -   94 
(93) 

651 - 1229 
(693) 

259 - 505 
(377) 

Notes: l) Rolling mill groups  = L up to 35.0001 

2,35.000 to 100,000 

3. approximately 500.0001, 

2)  Figures in brackets are group averages. 
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TABLE 6.4   - MANPOWER PRODUCTIVITY 

Plant 

description 
Number of plants 

1969 

Average gross output 
ingot tonnes per man 

per year 

Existing Analysed 
Range of 

output Average 

INTEGRATED 

Flat products 3 3 84-130 101 
(1) 

Non flat products 8 6 29-99 61 

Tubes 2 2 38-58 - 

SEMI-INTEGRATED 

Common steels 22 13 18-127 51 

Special steels 3 3 20-63 29 

(2) 
NON-INTEGRATED 

(3) (3) 
Common steels 6 3 85-113 95 

I 

Note: 1.   Non integrated plants are rerollers only. 
2. Acesita is included with non-flat products, 
3. Ingot equivalent. 

The output per man per year of the integrated works producing flat producís, 
ranges from 84.0 to 130.0.   This range is larger than expected, and may be due 
to the fact that two of the works included in this analysis have significant 
numbers of employees engaged in semi-social activities. 

The non-flat integrated plants have a very wide range of outputs per man 
year.   It should be noted that whilst the lúgher figures can be attributed to 
economies in scale of productivity, the range indicates that a number of works 
are not as manpower effective as might be expected. 

The two tube works included in the analysis are different in output and 
product range, and the difference in output figures is to be expected. 

The large number of semi-integrated works producing common steel non- 
flat products have a particularly wide range of values for output per man year. 
This is also to be expected from the many different product mixes and product 
levels in this group, but it does seem that labour employment in this sector is 
too high. 

In the special steels sector, the one plant which has recently been built to 
produce only special steels shows a good economy of labour.   The other two 
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works are older and do not specialise to the same extent in special steel 
finished products. 

The non-integrated rerolling plants have a small range of output figures, 
indicating a close similarity of operation. 

Quality control 

The industry has largely developed in close collaboration with overseas 
companies, and its major customers are directly connected with overseas 
manufactuj-ing organisations.   This consumer relationship is particularly 
noticeable in the automobile industry where, for instance, Volkswagen and 
Mercedes Benz specify to the DIN standards and General Motors, Ford and 
Chrysler specify to USA standards.   The result is that both European and USA 
standards systems are being used by the industry. 

The use of established and internationally recognised standards has been 
beneficial in that it has avoided the expenditure of time and effort required to 
establish a comprehensive national system.   In effect the steel companies 
operate within the standards of their largest customers. 

The Brazilian National Standards are at present only in an embryo stage, 
but the work of producing a comprehensive national standards system is under 
discussion.   A small number of standards for the physical properties of steel 
products have been drawn up, although they are not universally adhered to. 

From a marketing point of view the existing pattern of operations may be 
satisfactory as long as the scale of operations is small and manufacturers are 
linked to single or limited numbers of customers.   This pattern is bound to 
change with the growth of industry and the requirement for a comprehensive 
standards system will become apparent.   The system will be essential for 
marketing and salts operations not only in an expanded Brazilian industry but 
also in the export markets of Latin America and elsewhere.   It is important, 
however, to use an existing international or foreign national set of standards 
as the basis and, if necessary, adapt it for Brazilian conditions, rather than to 
incur the effort of creating a new set of standards. 

It is also important to improve the level of quality control achieved during 
the production process, in order to ensure that the product output meets 
whatever standards may be set.   It must be remembered that quality control 
is closely interrelated with process yields, and that any attempt to improve 
one must not be at the expense of the other. 

Most companies undertake some degree of quality control on both the 
metallurgical and physical aspects.   However, only a few companies appear to 
have suitably staffed and equipped departments to carry out these functions, 
and only in a limited number of works are efforts being made to establish a^.d 
operate quality control departments.   From discussions and visits it has 
appeared that the quality control functions are not proving fully effective and 
the industry as a whole is not devoting sufficient of its resources in the way of 
management, engineers and facilities to this function.   Certainly this subject 
is frequently raised by the consumers, who generally require better standards. 
While the establishment of a fully integrated control system is essentially a 
long-term objective, nevertheless, whatever attention is given to quality control 
will yield some immediate benefits from a marketing and sales point of view. 
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Managjement service3_and _training 

A broad review of the management and technological services available to 
the industry has been made.   To a certain extent, these services are available 
in the large integrated works and specialist steel product manufacturers, but 
there are a large number of works where management services and technical 
departments are virtually non-existent. 

Production scheduling, stock control and planned maintenance are functions 
of operations research which are given attention in some of the works, but the 
industry as a whole is not yet employing sufficient staff and personnel to 
provide these services.   This may be due to the lack of suitable personnel and 
training facilities. 

With regard to personnel training, the re are schemes to train engineers 
and operators both "on the job" and overseas, but this is limited to those works 
which are modern or more technically oriented, and there are a number of 
works which do not have training schemes, but seem to rely on the larger works 
for trained and experienced staff.   The number of people receiving management 
training appears to be relatively small, to the extent that they do not seem to 
have the impact on the industry that it needs. 

Technical services 

Research and development is at present being undertaken as part of the 
technical agreements with overseas companies.   Development units are being 
set up and equipped in some of the works, and are undertaking some production 
and applied development research.   Fundamental research is not carried out at 
the moment and reliance is being placed on the established facilities of the 
overseas collaborators. 

The application of computers, automation and process control techniques 
is beginning to develop, and the importance of these services is realised by 
management and operators.   Efforts are being made to investigate these 
technologies in overseas countries by visits and training periods, with a view 
to increasing their application in the industry. 

Recommendations for narrowing_the_p_erf_o_r_mance_gaç 

In the present state of development of the iron and steel industry throughout 
the world, the most economic method of closing the performance gap is to 
obtain the best international engineering and operational (including management) 
assistance, from companies with established records of success.   We did find 
during our visits and discussions that this was being done, but we found an 
uneven application across the Industry.   In particular, the non-flat sector 
working in common steels lagged behind the special steel and flat product 
sectors.   Some of the assistance was being obtained in the form of licence 
agreements and some in the form of specific consulting projects.   In the latter 
case where the consultants were involved directly with production, we felt that 
management did not always insist on the consultants specifying with an adequate 
degree of precision the standards of performance which they believed were 
capable of being met.   Neither was there always an indication of the time by 
which the management of the steel companies should expect to achieve these 
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performances with the plant modifications and staff changes which were 
suggested. 

It must be the aim of all production staff and plant managers to get the best 
performance out of their existing plant.   This is especially true of the immediate 
future before any major plant improvements and modifications are due to become 
operative.   It should be understood that the assessment of performance of a 
steel company or industry should be based not only on quantity of production, 
but also to a great extent on quality.   The assessment of quality requires close 
detailed study beyond the scope of the short time scale of our visit, but we did 
obtain some evidence of inadequate quality in the flat product sector.   While 
this could be attributed to local reasons, we would make the point that the 
achievement of good quality should normally precede the expansion of the works 
to obtain greater outputs.   Good quality is often a function of the plant, equip- 
ment and facilities available and we would expect that there are some difficult 
situations causing problems at die present time which modest marginal capital 
expenditure would be sufficient to overcome.   External professional advice can 
be very effectively used to identify and resolve such problem areas. 

In view of the importance of improving performance in die short-term,  so 
that future expansion of the industry will be more soundly based and thus more 
likely to be successfully implemented, we recommend immediate attention to 
the various suggestions which have already been made in the preceding chapters. 

As has been stated, it is not possible within the scope of this report to do 
more than indicate the broad areas where improvements could be achieved 
quite readily.   Matters such as attention to burden preparation, improvement in 
coke rate and achieving consistency in casting practice, will quickly repay the 
detailed study needed for their implementation. 

Where consultants are retained to advise on diese matters, they should be 
required to be specific in their recommendations;   this, in turn, means that 
the consultants must be briefed with clearly defined terms of reference.  We 
recommend also that detailed studies be undertaken to establish appropriate 
maintenance schedules as a matter of urgency.   Shortages of feedstock should 
also be investigated, although these will tend to become less of a problem as 
capacities become more nearly balanced under the influence of improved 
performance, and in the light of die expansion programme. 

In general the outputs per man year indicated in Table 6.4 are low, but it 
is appreciated that diey are the natural result of the evolution of the industry 
and of the relatively unskilled or inexperienced labour.   However, the 
proportion of die total cost per tonne of finished products represented by the 
labour element is estimated to be between 15 and 20 percent, which is not 
excessive by world standards. 

It.would therefore seem that opportunities for reducing operating costs by 
increasing the productivity of manpower are limited, although the cumulative 
saving across the industry of even 5 percent of the wages bill would provide a 
substantial budget for training purposes.   By handling this at industry level, 
there is an opportunity for all companies, both large and small, to benefit. 
While technical training is naturally acknowledged to be of importance, training 
of personnel for management functions must not be overlooked and we 
recommend that it is given similar priority. 
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During our discussions wc have gained the impression dial there is a 
significant gap between the diiferent levels of personnel with respect to training, 
liiere is a plentiful supply of semi-skilled and unskilled workers in die country, 
but it appears that there is a serious shortage of skilled personnel.   A further 
shortage exists at middle management level, which is probably due to a shortage 
of technical college education in Brazil.   A shortage of university trained 
personnel suitable for the iron and steel industry is also apparent, although the 
total number of graduates from the universities with engineering training is 
quite large and the number of graduates of all disciplines is very large.   The 
major recruitment for all management positions in the steel industry appears to 
come from the few major companies who operate internal and overseas training 
schemes. 

We recommend that urgent action is taken at university level to encourage 
more graduates and technical college students in the technical and management 
disciplines to join the steel industry, and so provide more engineers and 
technicians in the middle grade of responsibility. 

Finally, in our consideration of the performance gap we recommend that 
immediate attention be given to improving inspection procedures and quality 
control, and that studies should also be put in hand for die establishment of a 
full y-integra ted control system in the longer term, as recommended in 
Chapter 4a 

6.2 Management information 

It is axiomatic that the quality of management decisions is dependent upon 
the quality of the information on which they are based.   This is especially true 
of the steel industry where many complex factors have to be taken into 
consideration. 

It is apparent that management in the Industry recognises that existing 
information systems are inadequate because external professional advice is 
already being sought and given to improve them. 

We attach great importance to the continuous monitoring of performance 
because the effort to reduce costs and overmanning and to raise quality must be 
continuous.   Recommendations by consultants and advisers need to be put into 
effect and the predicted results achieved;   this can only be done if the results of 
improvements are continually measured. 

The three major flat product companies are perhaps the most forward in 
employing external advisers, yet we have noted differences in performance 
between them that cannot be explained solely in terms of raw materials, 
processes or location.   In making our comparisons and in trying to ascertain 
the reasons for these differences, we are conscious, as we have stated earlier, 
that our data may be unreliable;  this is one reason for stressing the 
importance of a systematic niediod of reporting, and preferably a uniform 
system of reporting including a uniform method of cost determination and 
comparison, to tie adopted by the Industry generally.   A uniform system of 
reporting provides not only a day to day means of monitoring individual  works 
performance, but provides a basis for inter works comparison.   This has 
advantages at both company and national level.   For the individual company it 
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provides a reliable basis for assessing one's competitive position.   At national 
level, it provides the necessary information whereby central agencies such as 
IBS and CONSIDER can promote the health of the industry and ensure a sound 
basis for investment. 

A 

Recommendation 

We recommend, therefore, that die Industry, under the leadership and 
guidance of CONSIDER, give urgent thought to the development and adoption of 
uniform systems of performance measurement and reporting. 

6.3 Rationalisation 

Belter understanding of the works operations ihrough an adequate reporting 
system and improvements in performance will together lead to a rationalisation 
of works facilities in detail.   In this article, we wisn to discuss the wider 
implications of product and process rationalisation which affect the individual 
company's relationship with die market and with its competitors. 

To remain competitive, rationalisation and diversification of the product 
range have to be kept in balance.   On the one hand, rationalisation keeps 
production and inventory costs low, while diversification enables the company 
to ride the vicissitudes of the market. 

The possibilities for rationalising production in the Brazilian steel industry 
need to be investigated thoroughly, on the basis of the individual circumstances 
of the many steel companies;  although outside the scope of this study, some 
consideration has been given to the problem. 

The three large works producing flat products are already effectively 
rationalised to suit market requirements, as they are at present.   This does 
not, however, remove the need for continual reappraisals of the market as it 
develops. 

The production of tubes can be treated in the same way as the flat sector, 
and does not need further rationalisation at present. 

The non-flat products sector should be considered under two headings - 
special products and common steels.   The former are, again, like the flat 
products sector, well suited to the present market.   The common steels sector 
includes two groups of works which can be distinguished by the quality of their 
products and product range, as illustrated in Tables 1.5 and 5.8 above. 

One group concentrates on the production of rod and, to some extent, bars 
and is also generally only capable of producing the lower tolerance products. 
This group we feel will continue in operation until economic and commercial 
pressures compel them to close or modernise. 

The second group of works is more varied in their production abilities, 
with product ranges of shapes, flats, rods and bars.   There are larger 
companies in this group which have undertaken or planned rationalisation 
programmes, involving relatively large capital expenditures, which appear 
logical in the context of the present development plan. 
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Recommendation 

We recommend that the smaller companies in the second group referred to 
above should consider what opportunities for rationalisation are open to them, 
in particular : - 

i)       In steelmaking, they should review the possibility of operating 
a communal steelplant to feed a group of individual mills. 

ii)       In marketing, they should consider group arrangements which 
would permit a rationalisation of mill product mix. 

6.4 The role of new manufacturing processes 

It is necessary here to distinguish between processes which are new to 
Brazil and those which are new in a world context.   Those new to Brazil can be 
accepted and assimilated using external know-how and technological assistance 
as discussed in Article 6.1.   Processes which are 'per se' new must be dealt 
with in a different fashion. 

Direct reduction is, perhaps, the outstanding 'new' process at the present 
time.   We have noted that it features in many of the development plans put 
forward by the non flat product sector.   In fact, two plants, incorporating the 
HyL and SL/RN processes, are currently under construction.   As the initials 
imply, these are proprietary processes subject to licence agreements. 
Information on the economies and performance is in consequence restricted, 
so that it is not easy for management trying to compare different processes to 
form a satisfactory judgement.   Also most companies do not possess sufficient 
resources to carry out an exhaustive evaluation and decisions are thus liable 
to be made on subjective rather than objective grounds. 

Recommendation 

We recommend, therefore, that the needs of a company should be assessed 
by an independent adviser or consultant, and in the event of a 'new' process 
being proposed, that management should make sure it has full understanding of 
the amount of development work and expense it may be committed to.   Failure 
to realise this results in conflicts between die process licensor and the user 
with losses in production and delays in resolving the development troubles.   It 
must always be remembered that pioneering a new process can be expensive and 
failure may be disastrous;   if it is decided to follow this line of development, 
every precaution should be taken to facilitate the introduction of the new process 
and to minimise the risk of development problems.   The chapter on direct 
reduction processes, Chapter 11, illustrates the dangers inherent in adopting 
new processes while they are still only inthe development phase. 
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CHAPTER 7    - IRON ORE PROCESSING 

» 

I 

7,1,Trends in Iron ore preparation 

Iron ore is normally transhipped from mine to steelworks in one of these 
forms: lump, fines (for sintering).or oxide pellets.       The form used is largely 
dictated by the natural characteristics of the particular ore body, for the reasons 
given in the following paragraphs.   It is therefore appropriate to comment on the 
changing world pattern in the availability of ore in each form before considering 
the trends in the methods of burden preparation for the ironmaking orocess. 

The greater part of the world's iron ore resources available for exploit- 
ation are in metamorphosed and recrystalliscd rocks derived from sedimentary 
origins.   The occurrence of these is very widespread but the average grade of 
schists of this type is less than 30 percent Fe, except under favourable cond- 
itions where natural concentration processes have taken place to produce up- 
graded deposits.   In some instances the Fe grade of the ore is as high as the 
upper sixties.   The iron ore available from such a mine is usually lump material. 
The fines caused by degradation during the winning, sizing and transporting of the 
ore are usually separated out by screening;    alternatively ore may be sold as 
"run of mine" (ROM) ore. 

Where natural processes have not given rise to such high grades, it is 
modern practice to concentrate the ore prior to ironmaking.   Concentration is 
usually clone at the mine, the amount and type of processing being largely dic- 
tated by the natural grain size of the ore.   Where the grain size is comparatively 
coarse, the minerals can be liberated and a concentrate made at a particle 
size appropriate to the sale of the product as sinter fines.   Where the grain 
size is finer, however, the ore must be subjected to more grinding to achieve 
the desired degree of liberation and the resulting concentrate is too fine for sintering. 
An extreme example of fine grinding so far reached in the processing of iron 
ores is the Tilden project in Michigan, USA, where the ore has to be ground 
to 85 percent minus 25 microns.   The only successful method of agglomerating 
concentrates made in this manner is by pelletizing. 

I 68 
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On a world-wide basis the proportions of lump ore, sinter fines and 
pelletising fines used «-ire dictated both by the characteristics of the natural ore 
bodies and commercial considerations.    During the first half of the twentieth 
century the average grade of the iron ores mined rose steadily, reaching a peak 
in the mid-fifties.    Since about 1955, however, the trend has reversed and the 
average grade of ores mined is now falling, though very slowly.   On the other 
hand, ironmaking processes are making use of progressively higher grades of raw 
material feed.    Thus, although the world demand for iron ore is rising, the 
usage of lump ores remains more or less constant, and consequently the 
consumption of concentrated and agglomerated ore fines is increasing rapidly. 
This is illustrated in Figure 7.1. which shows the world production of lump 
ore, sinter fines and pellets over the period 1950-70 and forecasts the trend 
to 1980.    In Table 7.1, the change in the relative use of lump ore and agglomerated 
products is also indicated, together with estimates for 1975. 

TABLE 7.1. - RELATIVE USE OF PROCESSES OF IRON ORE PREPARATION 

(Expressed as a percentage of total iron ore consumed) 

1964 1970 1975 (Estimates) 

Lump Ore 47 49 43 

Pellets 9 15 24 

Sinter 44 36 33 

Source:   U.N.I.D.O. 

There have been other estimates of future trends in the use of iron ore 
preparation processes, for example a recent forecast (Mineral News, Vili, Issue 5, 
Sept. 1972) that the consumption of pellets will increase from 115 million tonnes 
in 1970 (16.3 percent of total iron ore consumption) to 150 million tonnes (18 
percent) in 1975, about 240 million tonnes (22 percent) in 1980 and 310 million 
tonnes (25 percent) in 1985. 

1 

Present world production capacity for pellets is approximately 145 million 
tonnes (Figure 7.2).   The USA leads in the production of pellets, with a current 
capacity of 58.5 million tonnes.   Table 7. 2. shows the regional distribution of 
pellet plant capacity. 

Regional practice 

The world trends in the changing blend of lump ore, sinter fines and pellets 
supplied to the iron and steel industry is not necessarily reflected in the principal 
established ironmaking regions because each has developed using different 
ore resources.    For example, the principal importing regions of Western 
Europe, Japan and the USA show markedly different trends in burden preparation 
practice. 



1 

. o 

53 
Ë 

^ 

70 

ì 
FIGURE 7.1 -   WORLD PRODUCTION OF LUMP ORE, SINTER AND 

PELLETS.    (COMPILED FROM VARIOUS SOURCES). 
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TABLE 7.2. - WORLD PELLET PRODUCTION 

Reglern Capacity 
(Million tonnes/year) 

USA 58.5 

Canada 21.4 

Europe 

USSR 18.5 
Sweden 4.5 
Norway 0.6 
Italy 0.4 
W. Germany 0.4 
Finland 0.3 
Yugoslavia 0.2 
France 0.1 

Others 

Australia 11.0 
Chüe 9.5 
japan 6.0 
Peru S.5 
Brazil S.O 
Argentina 2.5 
Liberia 2.0 
Morocco 0.9 
Philippines 0.8 
India 0.5 

TOTAL 145.0 
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P1GURK 7.2 -  WORLD PELLET PLANT CAPACITY 
{COMPILED FROM VARIOUS SOURCES) 
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(a)   Western Europe 

A characteristic of the West European steel industry is the considerable 
capacity of sinter plants already in existence, largely as a result of the 
traditional dependence on local ores which have low Fe contents.    A change 
to high grade imported ores lias enabled increased outputs of liquid iron to 
be achieved from existing sintering and ironmaking facilities.    In consequ- 
ence this sinter capacity is sufficient in most of Western Europe to 
agglomerate enough fines to satisfy the demand for a number of years to 
come, a fact which is reflected in a price differential between lump and 
fines equivalent to the operating costs of sintering.    As existing sinter 
capacity within the region is filled up, the prospects are that additional 
plants will be built.    By 1980, the total size of the West European market 
for high grade imported ores is likely to increase almost two-fold, largely 
at the expense of domestic ore production.    Authoritative forecasts for 
1980 indicate that the usage of lump ores will have fallen to less than 50 
million tonnes per year, while pellets will have grown to about 30 million 
tonnes per year.     Consumption of sintered fines is forecast to rise to about 
140 million tonnes per year, accounting for almost two thirds of the iron 
ore used.    However, there is some evidence that concern over pollution may 
be influencing European Steelmakers in favour of pellets, rather than sinter. 
A West German mill is at present planning to conduct trials in a large blast 
furnace with pellets constituting 80 percent of the total iron ore charge. 
Spanish, steelmakers are also considering the import of pellets. 

(b)   Japan 

The Japanese steel industry has shown a phenomenal rate of growth in the 
last decade, annual output of crude steel having risen from 22 million 
tonnes in 1960 to 92 million tonnes in 1970.    The total supply of iron ore 
and its sources, have undergone an equally dramatic change.    Imports of 
ore and concentrates from Asia and Latin America in 1960 totalled 14. 9 
million tonnes and in the same year Japanese sinter plant capacity was 10.5 
million tonnes per year.    By 1970, imporis of ore to Japan had reached the 
order of 100 million tonnes per year, Australia Ijeing by now the principal 
source.    By that year, sinter plant capacity had increased to the extent 
that it was capable of absorbing nearly 50 million tonnes of ore fines. 
The growth of Japanese sinter plant capacity is shown in Figure 7.3.   The 
pause in growth of capacity over the years 1962 to 1965 is thought to 
reflect the anticipated future dependence on Australian lump ore.    However, 
once production began, fines arising from the mining operations were offered 
on the market at a price that justified the provision of sinter capacity to use 
these.    In consequence in the fiscal period 1971-72, the Japanese steel 
industry used as blast furnace charges about 22 million tonnes of lump, 
80 million tonnes of sinter and 14 million tonnes of pellets.   However, although 
there are vast known reserves of iron ores in the world, the sources of 
high grade sintering fines available to Japan are comparatively few - Western 
Australia, South Africa, Brazil, India and Guinea - which may restrict the 
future growth of sinter capacity.    It is estimai ed that by 1980 fines and 
concentrates for sinter and pellet plant feed may make up about half of the 
raw iron-bearing materials imported, the balance comprising a gradually 
decreasing proportion of quality lump and a correspondingly growing 
proportion of pellets. 
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The demand for pellets is thus likely to grow considerably within the next 
decade, partly to facilitate pollution control.    Many Japanese steel mills 
already have their own pellet plant.    The installed capacity has been 
growing steadily during the 1960's but the rate of growth has increased 
dramatically since J970, as illustrated in figure 7.3.   Seven more 
pellet plants of 2 to 3 million tonnes capacity each are planned for operation 
by 1975, thereby more than doubling the present capacity. 

Japan's shift towards the use of pellets as blast furnace feed is encouraging 
the erection of new pellet plants in W. Australia, India, Angola, Ivory Coast, 
Alaska, Liberia and South Africa. 

Nevertheless, a recent report quoted in "Mineral News" suggests that the 
Japanese are finding the use of pellets less advantageous than sinter feed 
on grounds of both economy and quality.   It is understood that the Japanese 
now believe that desulphurisation can be achieved at very low cost at the 
sinter plant ; if this were to be substantiated the trend towards the use of 
pellets in Japan might be reversed. 

(c)   The USA and Canada 

The steel industry in the USA has shown a very slow growth pattern over 
the past decade.    Informed opinion considers that this pattern will continue 
because the national steel consumption per capita   is approaching its 
ceiling.    Consumption of iron ore at US steel plants grew from 102 million 
tonnes in I960 to 129 million tonnes in 1969.    In contrast, Canadian ore 
consumption is modest by comparison, the quantity used in 1969 being 
only 9.3 million tonnes. 

Iron ore production in the USA has grown more rapidly over the same period 
with a distinct change in type of product taking place. The quantities of 
run-of-mine ore and screened lump supplied have actually fallen, sinter 
fines have remained at about the same level, whereas pellets have risen 
three-fold. The same trends have been exhibited to a more marked degree 
in Canadian ore production, where the output of pellets has risen seven- 
fold in seven years. 

The pattern of development of sintering and pelletizing in the USA reflects 
the sources of the ores used and their type.    The growth of pelletizing 
coincided with the development of the use of concentrates derived from the 
Lake Superior taconites.    Pelletizing capacity in Canada has been expanded 
in response to this threat to sales of lower grade Canadian concentrates 
despite the fact that tills entails the regrinding of materials that are other- 
wise suitable for sintering. 

The trend through the sixties is shown in Figure   7.4.    Sinter plant 
output in both countries was essentially constant throughout the period but 
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may tend to decline in the future due to increased public concern over air 
pollution, especially in the USA.   Pellet production lias grown strongly, 
and as more fine-grained taconife ores are exploited in the USA this 
growth will continue.    The US Bureau of Mines estimates that by the year 
2000 the whole of the USA output of iron ore will be sold as pellets. 
Canadian output of pellets will continue to grow in relation to the level of 
its exports to the USA because of the lack of sinter plant capacity there. 
The proportion of Canadian ore marketed as sinter plant feed will depend 
closely on the level of Canadian exports to the Japanese and European 
markets. 

Ore shinp_ing_ 

One of the major factors contributing to the world-wide availability of high 
grade ores and concentrates has Iieen the fall in shipping costs that has occurred 
in the last twenty years.    The typical size of iron ore bulk carriers has increased 
rapidly in that time from 10, 000 tonnes deadweight in the early fifties to 70, 000 
tonnes deadweight now, with larger carriers of over 100,000 tonnes deadweight 
already employed on certain routes.   Some iron ore loading ports are being 
developed to take still larger carriers up to 150, 000 tonnes deadweight although 
the number of ports capable of receiving such ships is limited.   Hie development 
of unloading facilities is also taking place.     The economies of scale provided 
by these large carriers have enabled freight rates to he reduced so far that ores 
are now available from any source to any market.    For example, Brazilian 
ores have been shipped to Europe for less than $2/tonue, and West African ores 
to Japan for just over $3/tonne. 

Another factor which contributes to lower shipping costs is the growing 
tendency to transport solids in slurry form by such techniques as the Marconaflo 
system*.    The system extends the convenience and economies of handling solids 
in slurry form to the loading and unloading of ships.    In addition to slurry system 
installations at the mine for beneficiation, and subsequent pipeline   transfer to the 
loading jetty, there are a number of slurry unloading facilities, installed or 
planned, for feeding concentrates to pelletizing and sinter plants. 

Among the more important examples of the Marconaflo system are the Marcona 
pelletizing plant in San.Nicolas, Peru; the pelletizing plant of the Oregon Steel 
Company, Portland Oregon wliich uses concentrates shipped from San Nicolas 
(where it is loaded as slurry) or from Ta su, British Columbia (where it is loaded 
as dry filter cake)- in either case unloading is by the slurry technique ; and 
the Waipipi Ironsands Limited mining and benefication   operation which 
incorporates a slurry shiploading system for bulk shipping of ironsands to Japan. 

* "Marconaflo and its use in new mineral developments" M.J. Fraser and 
L.P. Connolly  CHEMTECH, February 1972, No. 116. 
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The system is also used in a 52-mile pipeline carrying iron ore in Tasmania 
in a 250-milc coal line in the South Western USA and in oilier similar applications. 

The system is currently under consideration for developing the Kudremukh 
iron ore deposit in Mysore, India.    In this case, the proposed scheme involves 
transport from the mine to a slurry pond at Pannmhur by a 36-mile pipeline. 
Since the waters at Panambur are shallow it is proposed to load into 200, 000 
deadweight ton vessels anchored 10 miles offshore, through a 40-inch pipeline. 

The world-wide availability of high grade ores made possible by low transport 
costs, coupled at the present time with a potential over-capacity in the mines, has 
led to ore treatment in some countries not primarily to incre.ise the iron content 
but to improve the quality of their product by removing undesirable   impurities. 
The growth of pelici i zing in Canada has already been mentioned, and another 
example is Swedish ore:».     These have been sold in the past principally as high 
grade lump ore with rather high phosphorus values, but in consequence of 
competition from low phosphorus ores from outside Europe, some of the Kiruna 
ores are now subjected to a concentrating process aimed not so much at 
improving their iron content as to reduce the level of phosphorus they contain. 

Use of self-fluxed and superfluxed burdens 

The ironmaking process requires that the burden should contain a fluxing 
material, besides the iron ore itself and the appropriate reductant.    The usual 
flux, capable of forming a slag with the silica in the ore is lime, CaO, which 
is normally added to the process as crushed limestone, CaCO . 

When lump ore is used, the lime addition is normally in the form of lump 
limestone, charged to the blast furnace at the same time.   The charging of lime- 
stone, as such, to the blast furnace adds to the heat requirement of the process 
since a certain amount of heat must be provided to convert limestone to lime. 
From this point of view, basic sinter has an advantage because the CaCO   is 
converted to CaO during the sintering process using coke breeze or other fuels 
instead of expensive metallurgical coke.     Basic sinter is made by blending iron 
ore fines with finely crushed limestone and coke breeze prior to sintering. 
The practice of supcrfluxing, that is, adding all  the required lime to the sinter, 
is a recent development.    With some iron ore it lias not proved possible to achieve 
satisfactory sinter strength when high basicities are used but recent developments, 
particularly in Russia, have shown that under some circumstances sintering 
produces a continuous skeleton of crystalline matter in the sinter which actually 
increases strength. Improved reductibility can also result from the high content 
of easily reducible calcium ferrite and because there appears to be a smaller 
proportion of iron oxides combined with the silicates.     The use of superfluxed 
sinter results in small decreases in sinter plant output together with small 
increases in blast furnace   output.    A disadvantage of superfluxed sinter is that 
it has an increased tendency to pick up sulphur during the sintering process. 
The applicability of superfluxing practice can only be determined by plant trials 
and may be influenced by the inherent particle size distribution of the particular 
ores and limestone. 
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The practice of superflu M ng of sinter is expeci cd to grow considerably over 
the next few years.    Nevertheless, we believe that flu problems involved in 
predicting exactly the fluxing requirements of a blast furnace burden, and the 
need to lie able to make small changes in it in the course of controlling the 
process, will result in a small quantity of flux still being charged direct to the 
furnace. 

The addition of fluxing materials to a pellet mix lends to the formation of 
weaker pellets.    The friable product which usually results is difficult to handle 
and transport without considerable degradation.     At the present time therefore, 
it is   normal practice to cha roe unfluxed pellets directly to blast furnaces along 
with lump limestone, as is done with lump ore.     However, development work to 
overcome this problem is now in hand, and it is our opinion that commercial 
production of fluxed oxide   pellets will be introduced by the end of this decade. 

Sizing of the burden 

The size specification of lump ores is becoming increasingly tight.    A 1964 
contract for the supply of lump from Australia to Japan was based on a specification 
of 100 percent less than 150 mm, 80 percent over 6 mm.    Subsequent contracts 
have been based on size ranges of 100 mm to 6 mm and, more recently, of 30 mm 
to 6 mm. 

There are indications that, in the present 'buyer's market' in iron ore, 
pressures are developing to narrow the range still further to one of 25 mm to 
8 mm, or even 25 mm to 10 mm.    Such a tight size restriction on lump ore will 
mean that the ore producers will have increased quantities of fines to dispose 
of.    Degradation in transit of both lump ore and pellets gives rise to further fines 
at the steelworks, so that despite the strong growth in the use of pellets in recent 
years, sinter will be the main burden form throughout the next decade. 

7. 2. Sinter plant development 

There arc three principal types of sinter plant: the continuous travelling 
grate, sinter pans and rotary tables.    Pans and rotary tables have only been used 
in smaller installations on account of their flexibility to frequent changes of feed 
and intermittent operation, but no new installations are likely.   The continuous 
travelling grate plant with a capacity of 0.3 to 0. 4 million tonnes per year is more 
suited to large-scale operations and on present trends will almost invariably be 
the type of machine selected for use. 

In this process, a feeder mechanism deposits a uniform layer of charge 
comprising a mixture of iron ore fines, coke breeze, limestone fines, return 
sinter fin^s, on the pallets forming the travelling grate.    These then convey 
the charge under the ignitci where the surface is heated to incipient fusion. 
The ignited charge then advances over a series of windboxes from which the air 
is drawn by fans.     The rate of travel of the pallets and the volume of air drawn 
through the charge are controlled so that the zone of combustion reaches the 
grate bars at the point where the pallets leave the final windbox.    Beyond the end 
of the travelling  grate the sinter is crushed, hot screened to remove fines and 
then air cooled.    The cooled sinter is screened again before use, and all fines 
are returned for re-sintering. 
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The dimension oí a sintering machine usually referred to is the area of 
grate exposed to the windboxes.   One of the design, factors contributing to the 
growth in the effective area of a machine is an increase in the strand width. 
The largest machines currently in use are 5 metres wide, with grate areas of 
up to 500 m2. Figure 7.5 shows how the size of plants has grown in Japan during 
the past decade.   Design and development costs rallier than technological res- 
traints have governed growth.   The large number of plants built by one supplier 
(marked by crosses in Figure 7.5) accounts for the very rapid increase in the 
last five years, and it may be assumed that still larger plants will be con- 
structed in the future.   The main factor affecting the desigli of larger units is 
the maintenance of uniformity of air -flow over the width of (he strand. 

Outputs of sinter plants vary, the range being from 30 to 45 tonnes of sinter 
per square metre of effective grate area per day, the majority of plants achieving 
35 to 40 tonnes per square metre per day.     Increases in productivity have been 
obtained in japan by the use of increased suction pressures on the windboxes,introduced 
initially to combat dccrea.singpermeabi.lity of the .-.inter bed due to the runng proportion 
of fine concentrates used in the mix.    Productivity is also increased by using 
post-ignition heating of the top surface of the sinter bed., from which the sinter 
has been found to be up to 20 percent more friable than sinter formed at the 
base of the bed.   This heat is supplied by having a heating  hood following the 
ignition furnace, to provide heated air for the windboxes. 

The sintering process is relatively cheap in itself.   Excluding the cost of 
the materials being made into sinter, namely the iron ore fines, coke breeze 
and limestone, the total cost ranges from about $3.5 per tonne of sinter on a 
one million tonnes per year operation to $2.2 on a 10 million tonnes per year 
plant.   These costs compare with a cost of $11 to 12 for the materials pro - 
cessed, per tonne of finished sinter. 

The material to be sintered needs to be raised to a temperature of about 
1400 to 1600 C.   The total heat requirement is between 1. 8 and 2.7 giga- 
joules per tonne of sinter.   The normal means of providing this hitherto has 
been to include fine coke breeze in the intimate mixture of particulate materials 
fed to the machine.   This addition is such that the charge contains about 4 to 7 
percent of carbon, which is ignited at the top surface of the sinter bed as it 
passes through the ignition furnace zone, normally fired by oil or gas. 

Coke breeze has been the traditional fuel for sintering, but with improved 
coke rates in ironmaking, the necessary amounts jf breeze may not always be 
available from cokemaking.   In such cases supplementary fuels, either solid or 
gaseous, may be used .replacing up to 40 percent of the coke breeze   if 
necessary.   A wide variety of solid fuels have been tried successfully as a sub- 
stitute for coke breeze.   The most suitable solid fuels arc those having low 
reactivities, low volatile contents and low ash contents, usually crushed and 
screened to have a top size of about 5 mm.   In general the higher the fuel re- 
activity is above that of coke breeze, the higher will be the CO/CO,, ratio in 
the waste gas resulting in a lower thermal efficiency in the sinter bed.   If the 
fuels contain more than atout 10 percent volatiles, these distil off before 

* See Appenlix 1 
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reaching the combustion zone proper, and the calorific value of the volatile 
content is partly or completely wasted in the sinter bed.     High ash contents 
in the fuel additions are to be avoided because they require additional fluxing and 
also influence the coke-rate in the blast furnace operations. 

Gaseous fuels, typically blast furnace gas, are used to pre-heat the air. 
Besides reducing the requirements for coke breeze, this improves the strength 
of the sinter. 

7.3.   Pellet plant development 

Pellctizing is the process whereby very finely ground iron ore concentrates, 
usually in the size range of 70 percent or more finer than 44 microns, are 
agglomerated into balls or pellets of al »ut 9 to 16 mm diameter.    The process 
is carried out in two stage, balling and indurating. 

In the balling stage, the fine particles of ore, usually with an admixture of 
a half to one percent of a binder such as bentonite, are dampened and rolled on 
a rotating inclined surface.   The balls which are formed are soft at this stage 
and are generally referred to as green balls.   The quality of the balls depends 
on the amount of water added and on other process variables that in turn must 
be adjusted to take account of fluctuations in the quality of the feed materials. 
The definition of a satisfactory ball and the interrelationships between the 
variables have not, as yet, teen rigorously quantified.   Inconsequence, control 
of the plant depends largely on the skill of the operator.   An early breakthrough 
in the application of automation is not envisaged. 

Indurating, which is the firing of green balls to form hardened pellets     re- 
quires the generation of temperatures in the region of 1200 to 1300 C.   There 
are four basic types of indurating plant: the shaft furnace, the travelling grate, 
the grate -kiln and the circular hearth. 

The shaft furnace is a vertical refractory-lined chamber into which the 
green balls are charged from above.   There are oil or gas-fired combustion 
chambers at the sides of the furnace, from which the hot gases enter the fur- 
nace and heat up the pellets.   The pellets produced are cooled and screened 
before passing to storage.   Shaft furnaces tend to be limited to a maximum 
throughput of 0. 5 million tonnes per year, and use from 0. 45 to 0. 53 giga - 
joules of heat per tonne. 

The horizontal travelling grate, one of the alternative means of Indurating 
green pellets, is a machine very similar to that used in sintering.   The pellets 
arc conveyed by the grate through successive stages of drying, preheating, 
burning, recuperation and cooling, the hot air from the latter stages being fed 
back to the earlier stages.   The heat requirement is about 0.6 íriga¡0ules 
per tonne of pellets, and is usually supplied by oil or gas.   Outputs of individ- 
ual horizontal travelling grate machines can be over 2 million tonnes per year. 

** 
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The third type of indurating plant is the grate-kiln-cooler combination 
machine.    In this, the drying and preliminary hardening of the green balls is 
carried out on u short horizontal travelling grate, and the linai hardening tnkes 
place in an oil-fired rotary kiln.    Total heat input is of the order of 0.7 giga- 
joules per tonne.    Hardened pellets are discharged from the kiln to a rotary 
cooler, being discharged at a temperature of about 200 C.     The rotary nature 
of the hardening process helps to give a more consistent quality of product than 
is achieved by other methods. 

The fourth system of indurating involves the use of a horizontal circular 
grate which, as it rotates, carries the pellets through successive zones of 
drying and indurating.     This type of plant is still in the development stage.      A 
version which went into operation in 1967 was taken out of service late in 1968, 
but it has recently been announced that another plant, of a different design by 
another manufacturer, is shortly to be built.    It remains to be seen what re- 
sults will be achieved. 

An alternative to the various fired forms of pellets are those which are 
cold bonded.    In the Grangcold pellet process the pellets are formed in balling 
discs in the usual way, with a 10 percent addition of Portland cement as a 
binder-hardener.    The green pellets are very soft, with little strength in the 
first 30 hours,  reaching some 70 percent of final strength at the end of three 
to six. days.     They take about four to five weeks to reach full strength.    In this 
process the soft green pellets are mixed with additional ore fines to act as a 
cushioning material and are feti to a tall vertical hopper.    The rate of with 
drawal from the bottom of the hopper is regulated to allow a sufficient dwell 
time for the pellets to harden.    The pellets are recovered from the pellets - 
fines mixture by screening, the fines being recycled.    Tine largest plant 
currently operating is one that the Grüngesberg company have built at their 
mine in central Sweden, with a capacity of 1.5 million tonnes per year, to supply 
their steelworks in Oxelösund .    Cold bonded pellets do not travel as well as fired 
pellets so that their use is likely to be limited to locations where the journey 
from the pellet plant to the steelworks involves a minimum of handling and no 
transhipment;  where the cement raw materials are readily available in the 
neighbourhood of the plant;   and where there may be some advantage in saving 
fuel consumption. 

Although unit sizes of pelletizing plants now exceed 2 million tonnes per year, 
the larger plants consist of a number of units and some North American installations 
have capacities in excess of 10 million tonnes per year.    The trend in growth 
of total world pellet plant capacity in recent years has been indicated in Figure 7. 2. 

The cost of the pelletizing process above are the order of $4 per tonne at 
annual outputs of one million tonnes down to about $3 per tonne at outputs oí 10 
million tonnes.    There is little economy in scale beyond this point, because 
the larger installations are built up of multiples of smaller units, and there are 
few savings that can be made in the ancillary materials handling equipment. 
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CHAPTER 8 - CONVENTIONAL COKEMAKING 

8.1 Impetus to development 

Conventional slot-type coke ovens are used to produce over 95 percent of 
the world's production of metallurgical coke.   Although there are a number of 
small beehive coke oven installations, their contribution to the supply of coke to 
the steel industry is diminishing rapidly since any new cokemuking capacity re- 
quired is now provided by installing slot-type coke oven plants.   The discussion 
on technological developments is therefore centred around the cokemaking pro- 
cess using slot-type coke ovens. 

In recent years the rising cost of metallurgical coke through the growing 
scarcity of supplies of prime quality coking coals has stimulated a great deal of 
research and development work to find out the optimum composition of coal blend 
for coking.   Developments in this area are most significant since the cost of coal 
per ton of coke produced represents nearly 100 percent of the cost of coke.   Work 
has also been done on tiic technological .   pects of coke oven design and perform- 
ance particularly to improve the efficiency of existing installations or to increase 
their capacity.   In many instances these developments have resulted in savings 
in both capital and operating costs of the coke oven plant and in some cases 

'product quality has also been improved.   Wider implementation oí these improve- 
ments is now taking place due to the rising production cost of cokemaking owing 
particularly to decreasing credits from by-product sales.   Efforts have been 
made to improve the design of by-product recovery plant but competition from 
the petrochemical industry has continued to depress the revenue available 
to the coke oven operators from the sale of the by-products.    The areas in 
which the most important technological advances have been made are 
cribed, together with the extent to which they may be expected to proceed in 
future. 

8.2 Composition of the coking coal Hend 

The composition of the coking coal blend used for cokemaking is the most 
important single factor in determining coke quality and the cost of coke.   While 
it is possible to use a single type of coal to make metallurgical coke, it is 
usually easier to achieve all the desired coke properties by blending two or more 
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coals.   The principal objectives in blending are: - 

I)    to improve the physical quality and uniformity of the resulting coke; 

il)   to   Improve the yield of coke products: 

lil)   to   increase the range of coals which may be selected for cokemaking 
with a view to reducing the cost of coal blend. 

The third objective is obviously important to many industrial nations lacking 
high quality coking coals, and wishing to make full use of Indigenous coals in 
order to reduce the need for imports. 

The usual practice at coke plants is to blend small proportions of low vola- 
tile coals with high volatile coal.   The use of high volatile coals tends to pro- 
duce weaker cokes and gives lower yields.   Low volatile coals improve the 
yield of coke and its physic.il structure, but the amount that can be used is 
limited because of their tendency to expand   under carbonisation conditions, which 
may result in oven damage.    They also have a higher price than high-volatile coals. 

The volatile matter content of coal blends in most parts of the world lies 
between 20 and 30 percent, as shown in Table 8.1, but this varies according to what 
coals are available in each region at a competitive price.    The trend to use 
coal blends containing volatile matter of about 27 percent will become estab- 
lished practice because a blend with this characteristic tends to give near optimum 
results, both on technological and economic grounds. 

TABLE 8.1 - RANGE OF VOLATILE MATTER CONTENT 

AND YIELDS OF COKE IN CERTAIN COUNTRIES 

Country Volatile Matter* 
percent 

Yield of Coke* 
per tonne of coal 

Belgium 24 -27 0.77 

France 22 -31 0.75 

Italy 24 -25 0.78 

Netherlands 23 -30 0.78 

W. Germany 20 -27 0.75 

japan 25 -32 0.71 

UK 24-32 0.71 

USA 26-34 0.74 

* Dry basis 

^k 
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8.3 Coal preparation 

The preparation of coals by crushing, screening and mixing prior to 
charging into the ovens for carbonisation is common practice in cokemaking 
installations.   However, in recent years the subject lias received a great deal 
of attention because an understanding of the technology involved has indicated 
that improved coal charge preparation aids the production of good quality coke, 
increases oven productivity and facilitates the use of higher proportions of 
weakly coking coals in the coal blend.   Any development resulting in the use of 
cheaper coals is significant since any reduction in the cost of coal will make 
approximately similar savings in the cost of coke. 

Conventional crushing processes are generally employed for coking coal 
preparation and are based on the reduction of the coal to   about 80 percent less 
than 3 millimetres in a single pass through a hammer mill.   This results in a 
very wide particle size distribution below 3 millimetres with a large proportion 
of undesirable fines.   The stronger, more inert, constituents of the coal 
accumulate in the coarser fractions, whilst the friable, easily fusible constit- 
uents are reduced to a fine particle size.   The presence of coarser inert con- 
stituents in coking coals gives rise to a non-homogeneous coke with structural 
weaknesses and consequent, low strength. 

The friable components known as vitrain and clarain, arc primarily res- 
ponsible for the binding of coke into a strong solid mass and excessive sub- 
division of these components below the pari icie size of the 'inert' material has 
a deleterious effect on this binding power.   To overcome this difficulty a method 
of selective crushing of the coal has been developed.   In this method the incoming 
coal is screened to remove the existing material of less than, say,3 millimetres 
particle size.   The oversize is subjected to impact crushing and then added to 
the incoming coal prior to screening.   The degree of crushing and recycling are 
adjustable to an optimum level.   In this manner a more uniform particle size 
distribution is obtained with a pronounced reduction in the proportion of fines. 
The particle size distribution of the inert material is also improved. 

Selective crushing may be utilised in two ways: - 

(1) The same coal blend may be maintained with selective crushing, thus 
producing a stronger coke which results in an increased yield of usable 
blast furnace coke.   An increase in yield of about two or three percent 
may be expected, which will produce roughly a similar percentage re- 
duction in the total costs of cokemaking. 

(2) The coke strength may be maintained at the same level and a larger 
proportion of cheaper weakly coking and non-coking coals added to the 
blend.   The actual quantity which could be added will depend upon the 
characteristics of these coals. 
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The additional cost of preparing the coal charge by selective crushing is 
estimated to lie about $1.0 per tonne of coke produced.   It is likely that the 
savings which could be achieved by the reduction of the cost of coal per tonne 
of coke will be greater than   the cost of selective crushing.   Because of this 
economic advantage this method of coal preparation is now practised in a 
number of countries,notably France, India and the USA and its application 
should certainly be considered for existing and new installations in the future. 

8.4    Drying and prcheating the coal  charge 

The technique of drying and preheating the coal blends prior to charging 
into the ovens is by no means new and even in 1926 trials with coal preheated 
to 150 C produced a 15 percent increase in output.   It offers the most import- 
ant possibility for increasing the throughput of an oven by both increase in bulk 
density and reduction in coking time.   Results vary from oven to oven and also 
from one coal blend to another as can be seen from Table 8. 2.    British tests 
have shown that when the moisture content of a coal blend is reduced from say 
10 to 3 percent,  increases in throughput of up to 20 percent can be achieved for 
the same flue temperatures.   If, in addition to drying, the coal blend is pre- 
heated up to temperatures in the region of 200 C coke oven throughput can be 
raised by a further 25 to 30 percent.   Preheating trials in Australia and the 
USA have yielded similar results, preheat temperatures of 150 C producing an 
overall improvement of over 25 percent in output.   This was estimated to be 
made up from 13 percent improvement due to drying, 7 percent due to decreas- 
ed coking time and the remainder due to improvements in yield of usable coke. 
Preheats of 300 C produced gains in output, of around 35 percent.   The work in 
the USA showed that preheating results in increased oven wall pressures during 
coking.   At low preheats this is not a serious matter, but at the higher preheat 
temperatures oven wall pressures increased by up to 27 percent.   This must be 
taken into account in the oven construction, especially in the reconstruction of an 
existing installation that has not been designed for this condition originally. 

Increase in throughputs and possible saving in fuel costs arc not the only 
points in favour of this technique.   It has been found that coal blends containing 
higher proportions of weakly coking coals may be accommodated in blends with- 
out reduction in coke quality when preheating is practised or alternatively that 
improved coke qualities can be achieved when using good coking coals.     There 
is usually an improvement in strength and abrasion resistance, which is part- 
icularly noticeable and is thought to result from the higher bulk densities 
achieved.   The very substantial improvement in Micum indices (see footnote) is 
evident in Table 8.2. 

Micum Index:     Shatter and abrasion resistance of coke as defined by British 
Standard Specification 1016; other national standards define 
equivalent indices. 
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TABLE 8.2- EFFECTS OF COAL PREHEATING 
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Coal Blend A B C D E 

Volatile matter 
(daf) "h 

27.1 34.9 35.2 37.0 37.6 

Swelling index 8 81 8 7 6 

Carbon (diniuf)0/ 90.4 88.1 86. 6 85.8 85.7 

Charge 
Condition 

Pre- 
Wct      »         , Heated 

Pre- 
Wct        ,,       j Heated 

Wet 
Pre- 
Heated 

Wet 
Pre- 
Heated 

Wet 
Pre- 
Hcatcd 

Temperature of 
pre heat *     C 

190 -  180 - 180 - 190 - 170 

Charge bulk 
density db kg/ni1" 

723      833 725         833 698 833 731 833 693 833 

Carbonising 
time h 

16.3     14.4 16.7        14.8 17.7 14.4 16.0 12.0 18.0 14.7 

Oven throughput 

db kg/m h 
4-1.4     57.9 43.5        56.4 39.4 55.6 45.7 69.4 38.5 55.7 

increase in 
throughput "ft 

30.7 29.9 - 46.3 - 51.9 - 46.5 

Micum indices'* 
of coke: 

(a)  M40 73.2     73.6 59. C       71.7 63.9 70.8 5C.6 68.7 50.6 57.9 

Increase 0.4 12.1 - 6.9 - 12.1 - 7.3 

(b)  MIO 9.6       7.4 10.0          7.6 8.9 7.5 10.2 .8.2 10.8 8 5 

Decrease 2.2 2.4 - 1.4 - 2.0 - 2.3 

Yield of rrude 
liquor m A 0.116      0.031 0.16C      O.045 0.192 0.036 0.134 0.054 0.152 O.067 

charge 

daf     - dry ash free 

dmmf - dry mineral matter free 

db      - dry basis 

•    Temperature of coal immediate ly after charging to ( jven • 

**    A« defined in British Standard Sp education 1016 

Source:     British Coke Research Asso elation 
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According to work in the USSR preheating appears to offer the addtional 
advantage of reducing the sulphur content in the coke.   Tests with preheating to 
350 C led to a liberation of about double the sulphur normally released in coke- 
making.   However the characteristic has not been confirmed by work elsewhere. 

The results of the preheating trials carried out in the UK suggest that 
there is a small coot benefit of between $1 and $2 per tonne.   It. is thus an 
attractive method for increasing the capacity of an existing plant.   It is how- 
ever, essential to prove the performance of the coal blend used before cm- 
barking on modifications to the plant.   As experience is gained it is likely that 
a number of coal charge preheating plants will be installed in the near future. 

Charging of preheated  coal 

Where coal preheating is to be practised, a decision must 1x3 taken on the 
method of charging.   This is basic to the design of the plant and also influences 
the pollution control of the plant. 

Two main methods of charging preheated coal are in operation; the first 
uses e pipeline and the second a smokeless charging car.    The pipeline charging 
method, which is now in use in the USA, has the important advantage that gas 
and fume discharge on charging is completely removed, and this method also 
has a lower capital cost than smokeless car charging.   The pipeline process is, 
however,  slower than car charging and the fluidising tendency of the method leads 
to a lower bulk density of the charge with lower charge weight and slower 
carbonising.    Hie reduced bulk density also affects the coke properties and thus 
coke from pipeline charged ovens is unlikely to be as good as that from car 
charged ovens using the same coal blend.     Taking an overall view we expect 
pipeline charging to be implemented in preference to smokeless cars in locations 
where pollution control is an important issue.    In other situations there appears 
to lx: very little to choose between the two methods. 

8.5   Increased  oven capacity_ 

To increase capacity, oven lengths have increased steadily and most new 
ovens are now approximately 15 m long.   We do not expect ovens to show further 
significant increase above 16 m in length, because the friction and inertia of the 
oven charge will then be such as to require a pushing action which might physically 
damage the coke.   In addition to this, the longer the oven wall the more difficult 
It becomes to ensure uniform and efficient heating. 

Increases in oven capacity can lie achieved by increasing the width of the 
oven, but this leads to decreased oven productivity due to its disproportionate 
and adverse effect on carbonisation rate.   There has in fact been a tendency, 
more particularly in the USSR, to reduce oven widths from the generally agreed 
dimension of 0.45 metres to 0.40 metres which has enabled coke outputs to lx? 
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Increased by up to 5 percent through faster carbonisation. 

The main trend is towards increased oven height.   Although the majority of 
plants use   4 to 5 metre high ovens,some countries have been using ovens up to 
6 metres high for sonic years.   Most new ovens are being installed with heights 
of approximately 6 niel res and this represents an immediate 50 percent increase 
in oven capacity and a similar increase in throughput over existing 4 metre 
ovens.   It has boon reported that a saving of appi oximatcly 10 percent in 
capital costs per unit of production results from increasing oven heights from 
4 to 6 metres and the labour costs are reduced to approximately two thirds. 
Ovens of 7 metres are now operating in Japan.   Serious consideration is also 
being given to the design of ovens of 8 metres.   Although we lxdieve such ovens 
to be practicable, we note that very little evidence on the effect on coke quality 
of very tall ovens    is published and ih.it several difficulties have lxx;n encount- 
ered.   These difficulties include carbon deposition in the oven,non-uniform 
heating and kick of temperature control, accentuated by a marked linear charge 
shrinkage.   Maintenance problems have also increased and effective door 
sealing has become more difficult.   We consider that these difficulties, to- 
gether with the increased range of bull; density within the charge, will adversely 
affect coke quality.    Further engineering and development work must be done to 
overcome these problems.   On the credit side, there seems to be good evidence 
that by-product quality is improved, piubably as a result of the longer passage 
of gases through hot coke.   In spite of the technological difficulties, the trend 
to increase oven heights now appears to be well established. 

8.6   Increased coking rate 

The present trend in the industry is to design for the fastest possible coking 
rate, in order to achieve savings in both unit capital charges and operating 
costs.   Recently installations have been built to operate lateral carbonisation 
speeds over 30 millimetres per hour, compared with traditional rates of about 
25 mm/hr.   The most modern designs now provide for carbonisation at up to 
35 mm/hr. 

There arc many factors which can contribute to an increase in the coking 
rate of a particular coal blend.   The factors exercising the greatest influence 
arc the carbonisation flue temperature, the thickness of chamber walls, and 
the thermal conductivity of chamber refractories. 

With no changes in oven design, an increase in carbonisation rate of atout 
10 mm/hr can be achieved by an increase of a little over 200 C in flue temp- 
erature but this means operating with flues at about 1500 C.   At this temper- 
ature the oven wall refractories are close to their safe operating limit under 
hot-load conditions.   Flue temperatures have therefore been limited to about 
1400°C, an increase in carbonisation rates of 10 mm/hr still being achieved 
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by using higher thermal conductivity refractories and thinner oven walls. The 
thermal conductivity of high density silica reffactories is about 20 percent 
more than that of normal silica refractories.    It has been reported that the use 
of high density silica refractories lias increased the carbonisation rate by as 
much as 20 percent.   A similar increase has been achieved by modifying the 
design of the oven wall to make it thinner. 

Future oven design will undoubtedly make use of all three factors to 
achieve the highest possible coking rate, taking advantage of any improvement 
in the thermal conductivity or hot -load performance of the refractories and 
balancing the conflicting demands of oven height and heat cransfer on the wall 
thickness. 

8.7 By-product plant 

Two main options for by-product processing are open to plant operators. 
The first involves advanced by-product processing with a substantial 
capital investment, but producing high value products.   The other option is to 
simplify the by-product, plant as much as possible, consistent with the need to 
clean the oven gas to adequate standards and to avoid pollution beyond the 
legal limits.   Although in the past a considerable number of plants have been 
built in the USA and Europe of this first type for large scale production of 
ammonia and other chemicals, we expect most new plants to be of the second 
simpler variety. 

The recent growth of the petrochemical industry has resulted in a decline 
in the revenue available to coke oven operators from the sale of by-products, 
particularly ammonium sulphate.   In fact, since the mid-fifties such revenues 
have fallen continuously m real economic terms at approximately 1.3 percent 
per year,   benzole will continue to be scrubbed out as there is still a ready 
sale for this product.   Tar is normally removed anyway, and can usually be 
sold.   Ammonia will not however be reclaimed but will be washed out of the 
coke oven gas and burnt.   This will become well established practice over the 
next 10 years.   Furthermore, the increasing emphasis placed on combustion 
flue gas control will mean that sulphur removal from coke oven gases is likely 
to be continued. 

8.8 The future of conventional cokemaking and the economic unit 

During the last ten to fifteen years, technological developments in cok^ oven 
design and operation have enabled the installation of taller ovens together with, 
in some instances, preheating equipment and the application of several process 
modifications   to achieve higher productivity and a reduction in the cost of coke- 
making.   Although these developments have made a useful contribution to new 
installations, in most cases existing plants have teen unable to gain the full 
beneficial effect. 
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Changes in oven practice leading to Increased throughput usually require 
plant changes in the more intricate areas of by-product and material handling 
plants.   Tliis restricts the extent of the changes which can lie made by modi- 
fying existing plant and in general, substantial parts of the modern develop- 
ments can be incorporated only by building completely new installations. During 
the coming decade, however, we expect the developments discussed in this 
Chapter to be implemented on a wider scale, but there arc unlikely to be any 
fundamental changes to the conventional process. 

The most advanced ovens being installed towards the end of the decade 
will have a chamber length of approximately 16 metres, a height of 7.5 metres 
and a width of 425 millimetres giving an oven charge volume of 51 cubic metres. 
A battery of some 80 ovens of these dimensions can be handled as a single unit. 
When charged with a coal blend preheated to about 180°C and carbonising it at a 
rate of 35 millimetres per hour, such a battery would lie capable of producing 
about 1.6 million tonnes of coke per year    A plant consisting of two such 
batteries would te able to serve a steelworks producing 7 million tonnes of 
liquid steel per year. 

Most of the developments discussed so far have economic benefits which 
are additive.   However, it is not expected that the savings achieved will more 
than offset the increased costs of labeur and pollution control and the losses in 
by-product revenue. 
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CHAPTER 9 - 'FORMED' COKEMAKING 

Considerable efforts have been made during the last ten years to find an 
economically acceptable alternative to metallurgical coke as the principal reductant 
in blast furnace practice.    "Formed coke' appears to be the only material which 
holds any promise of immediate commercial success.    In consequence, most 
research has been carried out on processes yeilding this product, and a simple 
classification of non-conventional cokemnking   processes is shown in Table 9.1. 
Leading cokemaking authorities agree that formed coke is unlikely to be superior 
in use to good metallurgical coke produced by the conventional methods.     The 
aim therefore has been to develop processes that utilise cheaper coals, that are 
not markedly more costly than conventional cokemaking and that yield a product 
suitable, in the first instance, for blending with metalluigical coke without 
adversely affecting blast furnace performance.   The n*end in the use of formed 
coke will be determined by the availability and cost of metallurgical coking coals 
rallier than technology now that satisfactory formed coke processes have been 
developed. 

9.1 Formed cokemaking processes 

Formed coke is manufactured from carbonised or partly carbonised non- 
coking or weakly coking coals, the required mechanical properties being provided 
by briquetting either before or after carbonisation.    In recent years a considerable 
number of formed cokemaking processes have been described.    So far only a 
few have been operated commercially and no single process has emerged as a 
'best choice'. 

The available formed cokemaking processes can be characterised by the 
number of heat treatment stages employed, by the degree of devolatilisation or 
carbonisation prior to briquetting and by whether briquetting is assisted by the 
addition of a binder.   Processes involving cold bonding of raw coal by pelletising, 
followed by carbonisation of bonded material, and processes involving single stage 
carbonisation of raw coal briquetteJ, have failed to produce a satisfactory product. 
Processes which involve heat-treatment of raw coal followed by briquetting and 
then carbonising have aroused considerable interest;  a number have been developed 
but the main methods can be illustrated by examining the salient points of three of 
them, each of which is receiving serious consideration and will be developed 
further during the next few years.    These are the Bergbau - Forschung (BBF), 
Food Manufacturing Corporation (FMC), and Sapozhnikov processes.    There 
are also commercial processes for producing formed coke for foundry use, but 
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we are concerned here only with formed coke suitable for the blast furnace. 
Foundry coke tends to be dense and is unsuited to efficient blast furnace operation. 

Bergbau - Forschung process 

This process, developed in the Federal Republic of Germany, uses non-coking 
low volatile coal and good coking coal in a ratio of about 7:3.   The non-coking 
coal is first devolatiliscd at a temperature in the region of 600-700 C and the 
resultant hot char mixed with the coking coal at a temperature of about 450 C.   The 
mixture is hot briquet ted in a roll press to produce 'green' briquettes containing 
7-8 percent volatile matter, the bitumen in the coking coal acting as a binder. 
Further carbonisation is carried out in a sand carboniser at 900-1000 C.    A 
diagrammatic representation of the process is given in Figure 9.1.   The formed 
coke product has a volatile content of about 1 percent.    There is a 50 tonnes per 
day pilot plant in operation and a 300 tonnes per day plant is believed to be under 
construction at Essen, West Germany. 

Developed in the USA, this process, which is operated on a commercial basis, 
is capable of utilising any high volatile non-coking coal.    The coal is first 
carbonised in a fluidised bed section of the plant and the tar produced is used as 
the binder for the char.    Briquetting is achieved by roll pressing; the green 
briquettes are 'cured* at about 500 C and finally carbonised at about 900-1000 C 
in a continuous vertical retort.    The formed product has a volatile content of 
1-2 percent.    There is a 250 tonnes per day plant in operation at Kemmerer 
Wyoming, USA.   The process is shown diagrammatically in Figure 9.1. 

A related process has been developed by the Consolidation Coal Company 
involving fluid-bed carbonising of high-volatile coal and the subsequent feeding of 
this char, with possibly some crushed coking coal and returned breeze, to a 
slightly inclined rotary kiln operating at 450 C.   Pellets (12-50mm) are produced 
in the kiln by the rotary action and the sticky effect of coking coal or pitch.    These 
pellets are carbonised in vertical retorts.   The volatile content is below 1 percent, 
and physically it is said to be the equivalent of oven coke, including its resistance 
to abrasion.   A semi-production plant using this process is under construction at 
Bethlehem Steel, Maryland, USA. 

Sapozhnikov process_ 

This process was developed in the USSR.   High volatile non-coking or weakly 
coking coal is rapidly heated, only slightly de-volatilised, and then hot briquetted. 
The briquettes are then carbonised in continuous vertical chambers at 850 C.    The 
final carbonisation must be carefully controlled if the high-volatile briquettes are 
not to be destroyed during the process.    It is held that this sequence prodin.es the 
nearest structural equivalent to oven coke.    The process flow diagram is given in 
Figure 9.1.    Problems have been experienced with the process itself in the 
operation of the first pilot plant.    This plant is rated at 3.5 tonnes per hour. 
A second pilot plant rated at 5 tonnes per hour has now been brought into operation. 
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Of the three processes two of them, BBF and Sapozhnikov, use a certain amount 
of coking coal.    This may be considered as a disadvantage in the sense that it 
probably increases the cost of the coal feed, but it does appear to simplify the 
process itself.    The FMC process, in which the whole charge can be non-coking 
coal seems more complex in operation and so probably has a higher capital cost. 

A consideration of the advantages and disadvantages of the various processes 
examined to date is sufficient to conclude that carbonising, either with hot gas or 
sand, associated with continuous production, will be the means adopted for all 
future developments in which briquettes are used. 

9.2 Properties of formed coke 

Consideration of the properties of formed coke is best undertaken by comparing 
them with those of a conventional blast furnace coke. Typical physical properties 
of formed coke and conventional coke are given in Table 9.2. 

TABLE 9.2 - PROPERTIES OF FORMED COKE COMPARED TO 

CONVENTIONAL COKE 

^ 

Material size 

mm 

weight 

g 

•  "•" 

ash 

db% 

sulphur 

db% 

Porosity 

% 

Crushing 
strength 

kg 

MIO M40 Bulk 
density 
kg/m3 

Oven coke 40-l(K 100-500 9.4 0.86 48 - 53 300 7.5 70 450-500 

BBF form« 
coke 

47x60 
x35 

44 7.0 0.82 59 260 7.1 - 495 

FMC 
formed 
coke 

38x35 
x24 

19 50 380 7.7 480 

BBF green 
1 briquettes 

60x45 
x31 

60 35 210 9.3 83 578 

1. 
db ° dry basi [s MlOai nd M40 = 1 Vlicum ind ices (to BSS 1016) 

The cokes referred to in the table have similar thermal characteristics. 

The bulk density determines the buoyancy of the coke in the binder.    It is 
therefore important that it should be of the same order. The structural characteristics 
as represented by the crushing strength and the Ml cum indices are also demonstrated 
to be satisfactory.   Other tests confirm the shatter and abrasion properties. 
Published figures for both BBF and FMC briquettes show that Micum indices better than 
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75 per cent above 40 mm, and not more than 8 per cent below 10 mm (good 
conventional coke) can be achieved. 

Both the average size and the size range of blast furnace coke have been 
considerably reduced in recent years and advanced operating practice now calls 
for coke lumps between 20 and 65 mm, with no more than 5 per cent less than 
10 mm.    A great advantage of formed coke is the ease with which briquette size 
and shape can be controlled to influence the voidage characteristic of the burden. 

Much has been written on the subject of coke reactivity but a full understanding 
of its role lias yet to he achieved.    The coke must exhibit a reactivity wliich is high 
enough to ensure rapid burning at the tuyeres but low enough to enable the coke to 
reach the tuyeres largely unburnt.     The reactivity conditions required inside the 
furnace are difficult to simulate in the laboratory so that the significance of 
differences in reactivity performance of formed and natural coke is difficult to 
assess.    There is evidence that the microreactivity of formed coke is higher than 
that of conventional coke due to its lower carbonising temperature, but this is offset 
to some extent by the reduced ratio of lump surface area to volume, and hence lower 
bulk reactivity of the regular shaped briquette.    There is insufficient experience of 
blast furnace operation using formed coke to determine whether this difference is 
important. 

The chemical analysis of both formed coke and conventional coke is largely 
determined by the analysis of the original coal.    Good metallurgical coal will 
produce a coke with ash content below 8 per cent and sulphur below 1.0 per cent. 
Non-coking coals with a comparable analysis are available. 

It can be seen from the above discussion that formed cokes can be made with 
individual properties comparable to those of conventional coke.    The blast furnace 
operator, however, is interested in the properties of formed coke only inasmuch 
as they affect his furnace operation in three respects: (i) productivity, (ii) coke rate 
per tonne of hot metal, (iii) hot metal analysis.    Such operating characteristics 
can only be determined by blast furnace performance trials. 

9.3 Blast furnace ironmaking trials with formed coke 

Those engaged at the present time on blast furnace ironmaking trials using formed 
coke have exhibited a certain reticence over the results of their work.    While some 
information has been released, much of the information essential to a determination 
of the relative success of the trial has been withheld.    This is no doubt an indication 
of the commercial value wliich the ironmaking industry attaches to formed coke. 

Recently several ironnuk'ng trials have been carried out in various countries 
including West Germany, the UK, the USSR, and the USA.    The results of these 
trials have indicated that formed coke can become a substitute for conventional 
metallurgical coke.    Some of the important aspects of these trials are described 
below. 

The trials which were carried out in West Germany using formed coke produced 
by the Bergbau-Forschung process were reported to yield promising results.    The 
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blast furnace on which the trials were conducted has a (\ 8 metre hearth diameter 
and normally, on conventional coke practice, produces between 1, 250 and 1,350 
tonnes of hot metal per day.    The furnace operation was said to be satisfactory 
during the trial period, although the formed coke consumption was atout 18 per 
cent higher than that of conventional coke.     However, having allowed for the 
higher volatile matter and moisture content of formed coke, the corrected coke 
requirement* was calculated to be about 2 per cent above the normal value.    The 
furnace productivity with formed coke dropped by about 7 per cent, but this was 
probably due to coke moisture fluctuations.    Uncarbonised 'green' briquettes 
were also tried without any adverse effect.    It has been suggested that if the 
final stage of carboiusing can be eliminated then the cost of the product would be 
reduced by around H per tonne. 

The British Steel Corporation have reported that their recent blast furnace 
trials with 3, 000 tonnes of Bergbau-Forschung formed coke at the East Moors 
works were concluded satisfactorily.    A ten year development programme is now 
in operation leading to the installation of a 0.25 million tonnes per year formed 
coke plant by 1980.    A trial with FMC formed coke is planned in the near future, 
in order to compare the characteristics of BBF and FMC cokes. 

The ironmaking trials which were carried out in the USSR used a mixture of 
50 per cent conventional coke and 50 per cent formed coke.    The blast furnace 
used in these trials has a working volume of 750 cubic metres.    The results were 
certainly encouraging in that the furnace productivity was increased by over 4 per 
cent with less than 1 per cent increase in coke consumption per tonne of hot metal 
produced.     Further tests are planned with 100 per cent formed coke as reductant 
in the blast furnace charge.    Also, they have announced they will build a I to 1.5 
million tonnes per year formed cokemaking plant by 1975. 

The trials on the US Steel Corporation's experimental blast furnace (1.2 metres 
hearth diameter) using 100 per cent FMC formed coke briquettes as reductant are 
reported to show relntively small variations in coke rate and furnace productivity 
from normal operations based on conventional coke practice.     Following these 
trials, full-scale tests were arranged at the steelworks of Armco Steel Corporation. 
During these tests the furnace operation was greatly affected due to high fines 
content of the formed coke charge.    As a result of these findings, the FMC 
process has been modified to produce formed coke of improved properties. 

9.4 The future of formed coke for the blast furnace 

It is our firm belief that the blast furnace will continue to dominate iron 
making for the next two or three decades and the present property requirements for 
blast furnace solid fuel will change very little.    The blast furnace trials conducted 
so far have shown that formed coke can be used as a substitute for oven coke and 
that it is likely that it will produce very little difference in blast furnace coke rate. 

* for definition see Appendix 1 
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ance formed coke can compete on technical grounds with conventional coke 
its future depends on the relative costs of oven coke and formed coke, taking into 
account any small differences in coke rate or furnace productivity. 

At this stage published data does not permit an assessment of the costs of 
commercial production of formed coke, although at least ten countries are reported 
to have commercial or pilot plants in operation.    However, from a considération 
of the processing requirements it seems reasonable to suppose that the capital 
costs of formed coke plants are higher than those of slot oven plants, particularly 
since the more promising processes are multistage compared with the single 
stage of conventional coke oven plants.    They can, however, be operated continuously 
and this means that their operating cost may well be lower than those of slot oven 
batteries.    Taken together, capital and operating cost of a formed coke plant may 
thus be comparable with that of a modern conventional oven.    The much smaller 
by-product yield of formed coke plants will, however, reduce the revenue from 
this source, although some plant operators might not regard this as a serious 
problem since the value of coke oven by-products is dropping, as noted in Article 8. 7 
The distribution of costs between centres for conventional and formed coke is set 
out in Table 9.3. 

TABLE 9.3 - BREAKDOWN OF COKEMAKING COSTS 

($ per tonne of coke/formed coke) 

Cost centre Conventional coke ovens Formed coke plant 

Coal coking blend @ 24$/t 
non coking @ 20$/t 

37 
31 

Capital charge 6 9.5 

Operating costs (inc. works services 5 4.5 

48 45 

By product credits 

TOTAL 

7 

41 

4 

41 

The conventtonal plant costs are based on ?. 1.5 million tonnes per year install 
ation.   The formed coke costs are estimated for a plant of similar capacity.   It 
is clear that the most significant factor in the cost of cokemaking is the cost of 
the coal.   The price differential between metallurgical coal and non -coking or 
weakly coking coal is therefore crucial in determining the economic advantage, 
If any, of formed coke for a particular application. 
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The costs given In Table 9.3 are appropriate to a European site where the 
coal has to be imported regardless of quality.   Under these conditions, the price 
Is much the same for either type of coke.   This is, however, insufficient incen- 
tive to  use formed coke.   At the present state of development some allowance for 
risk In the new process is essential.   It is probable that a differential of $4 to $6 
per tonne in favour of formed coke will be necessary to bring about large scale 
adoption of the process.   Locations with local sources of non -coking coal may be 
able to show differentials of $8 to $10 per tonne between coking and non-coking coals. 
In these circumstances formed coke production should be seriously considered. 
Such differentials are unlikely to be general so that most installations built 
during the next decade will be for large coke consumers to reduce their absolute 
dependence on coking coal. 

The growth of cokemaking capacity generally is low, being much lower than 
that of ironmaking capacity.   The predicted annual growth in world iron pro- 
duction is approximately 5 percent over the next five to ten years but the fall in 
world average coke rate is likely to be approximately 2 percent per year.   Thus 
the demand for blast furnace coke will only increase by about 3 percent per year. 
Also many coke oven installations are rebuilt rather than replaced.   For example, 
during the years 1957/67 nearly half the coke ovens completely rebuilt in the USA 
were reconstructed within the original framework or rebuilt on the original pad. 
Many of the improvements discussed in Chapter 8 can be incorporated in the re- 
building so that a higher capacity installation results. 

These factors lead us to the conclusion that commercial production of formed 
coke will grow slowly.   It may be expected to gain ground most rapidly in those 
countries where two circumstances favourable to formed coke exist.   First, these 
countries will lack suitable coking coal but possess non-coking coals of accept- 
able analysis.   Secondly, they will have an above average rate of growth of iron 
and steel production with consequent demand for new coke making facilities. 
There may also be occasions when formed coke breeze is needed for sintering. 
With very low coke rates in the blast furnace arid with 100 percent of the iron ore 
being charged in the form of sinter, the total quantity of coke breeze used in the 
sinter plant approaches a quarter of the coke used in the blast furnace.   Formed 
coke breeze or perhaps carbonised but unbriquetted material should be suitable 
for sinter plant application; this is an area where strength is unimportant and re- 
activity a little less important than in the blast furnace. 
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CHAPTER 10 - BLAST FURNACE IRONMAKING AND ELECTRIC SMELTING 

10.1   Blast furnace development 

The blast furnace is firmly established as the principal method of ironmaking 
and today about 99 percent of the world's iron production comes from this process. 
The developments which are taking place in blast furnace Ironmaking technology 
are directed towards still further cost reductions.    To assess the relative 
Importance of various aspects of the process in these developments It is necessary 
to examine how the costs of the ironmaking operation are made up.   Table 10.1 
shows a typical breakdown of the total cost of blast furnace iron at a capacity 
of 3 million tonnes of hot metal per year, using run of mine ore with about 
64% Fe content. 

TABLE 10.1 - BREAKDOWN OF BLAST FURNACE 
IRONMAKING COSTS 

Item $/t (hot metal) 

Iron Ore - ROM ($14.5/t) 22 

Coke ($41 /t) 20 

Other materials and all 
conversion costs 4. 

Capital charge 6 

less Credits (< $0.5/t) - 

52 

Allocation of general works 
services and working 
capital 6 

TOTAL 58 

From this breakdown It can be seen that the largest costs are for raw 
materials.   As discussed in Chapter 7, there has been a steady trend over the past 
twenty years towards raising the Fe content of the ore charged so that nowadays 
It is common for the burden to contain lump ore or agglomerates with Fe contents of 
over 60 percent.   Short of charging reduced products or scrap, there is little scope for 
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raising the Fe content of the metallic charge further.    Consequently the ironbearing 
materials have ceased to be an important subject of study for cost reduction.    On the 
other hand, there are still opportunities to reduce the amount of coke consumed.    Both 
coke and its substitute, formed coke, are relatively expensive fuels besides occupying 
valueahle space in the blast furnace.    Much current development is devoted to reducing 
the coke rate.    This work will continue. 

The other costs detailed in Table 10.1 are much smaller and savings in these 
will have only a marginal effect on the total cost of hot metal.    Nevertheless, 
worthwhile savings in capital cost that are reflected in the capital charges may be 
possible through the application of advanced technology.    Higher performance materials, 
better understanding of the complex reactions within the furnace and the application of 
automation are all contributing to cost reductions due to increased productivity.    (For 
discussion of automation in blast furnaces see Chapter 24, Article 24.2.) 

It is in these two fields of technology, coke rate reduction and increased unit 
throughput that development trends are taking place. 

10.2  Size and output of blast furnaces 

The most notable trend hi blast furnace development has been the rapid increase 
in size, which together with richer burdens has led to very big increases in output; 
these have been greatest in the USSR and Japan.    Figure 10.1 shows the increase in 
best world production up to 1971, when over 8,000 tonnes per day was reported at 
Nagoya No. 3 furnace in Japan.    In Japan there are now 23 furnaces with working 
volumes over 2,000 cubic meters, each producing in excess of 4, 000 tonnes of hot 
metal per day, and there are four furnaces with volumes over 4,000 cubic meters. 
The biggest blast furnace in the world at present, in terms of volume, is reported to 
be at Fukuyama, Japan, with a working volume of 4,200 cubic meteres.    This furnace 
has recently been commissioned and has an output of 11,000 tpd.     The coke rate is 
395 kg per tonne of iron with oil injection averaging 47 kg per tonne of iron.    It has 
a 4-bell charging system.    A similar unit in France is due for commissioning in 
1973, while a furnace of 5,000 cubic metres is planned in the USSR.    It is to be expected 
that within a few years a furnace of 12,000 tpd will be a reality since such furnaces are 
at present being seriously discussed.    The following description of the No. 1 blast 
furnace at Nippon Steel's Oita works is typical of these larger furnaces: 

"This furnace has a daily output of 10, 000 tonnes of pig iron.    Its useful working 
volume is 4158 cubic metres with a hearth diameter of J4 metres.    It has 4 iron 
tap holes, 2 slag notches and 38 tuyeres and has incorporated the latest evaporative 
stave cooling plates of the blast furnace.    It will have a maximum top pressure 
of 2.4 atm.(35.5 psi) and a blast temperature of 1250 C. 

The growth in furnace size will finally be checked by technical or operational 
limitations but, at the presem time, there is no consensus of opinion in authoritative 
circles over the limiting factors.   Blast penetration, uniform operation, structural 
problems and materials handling are all possible contenders.    Operational problems 
arise from the difficulties of ensuring a uniform distribution of the burden over the 
cross-section of the furnace stack during charging, and a uniform flow of gases over 
the cross-section with the blast entering only around the periphery - difficulties that 
clearly will become more severe as the diameter increases.    Structural problems 
arising from the increasing weight of the furnace have been overcome so far by 
supporting the furnace top structure on separate columns instead of on the furnace 
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shell itself, as was common practice in some countries until very recently.    Materials 
handling becomes increasingly difficult because In order to dispose of the Iron at the 
rate at which it is produced in large furnaces it is necessary to use more than one 
tap-hole.    Two tap-holes are now common on the larger furnaces and four tap-hole 

1962 1966 1970 
Year 

FIGURE 10.1-  BEST WORKS BLAST FURNACE OUTPUTS 
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arrangements are used in the very largest furnaces.   Multiple tap-holes lead to a demand 
for more space in the east house, which has led to a removal of the siockline bunkers 
to a more remote location and the practice, now almost universal in new furnaces, of 
feeding the furnaces by conveyor belt rather than ship's hoist.    Even with this 
provision, disposing of both iron and slag presents difficulties; with a four tap-hole 
furnace the tapping of iron will be almost a continuous process.    It is generally 
agreed that operational and engineering difficulties will not halt tiie growth in furnace 
volume until a hearth diameter of around 15 metres is readied.    This should still 
allow a very considerable increase in output and may well enable 16,000 tpd to be 
achieved, the level of output the British Steel Corporation have suggested to be the 
limit.    On the present rate of growth, it seems possible that this will be achieved 
by the end of the decade. 

Furnace output is closely correlated with hearth diameter and furnace volume. 
As a rough guide, furnace output ranges between 2.5 and 3 tonnes of hot metal per 
cubic metre per day for modern high performance installations.    However in comparing 
best practice in different countries account must also be taken of burden weight 
per tonne of hot meta] and of coke rare.   In Japan slag volumes of 250 kg per tonne 
of hot metal are normal practice on the high output furnaces.   In many other 
countries slag volumes are often around 350 kg per tonne.   This is due to the use 
of slightly lower grade ore, and sometimes to the need to maintain high slag 
volumes to accommodate the relatively high sulphur content arising from the 
coke.   In the UK for example a coke sulphur content of 0.9 - 1.2 percent makes 
furnace operation at less than 350 kg of slag per tonne impracticable. 

A useful index for comparing performance of large blast furnaces (see Appendix 1) 
is the expression 

P(0.02B + 10) 
72(3.3D - 10) 

where     P = Production of hot metal - tonnes per day 
B - Burden weight - kgs per tonne hot metal (excluding coke) 
D - Furnace hearth diameter - metres 

The expression takes into account burden weight and hearth diameter but is 
valid only for furnaces with diameters more than 6 metres.   (A modified index is 
available for furnaces with diameters less than 6 metres).   The index is used in the 
UK where the average value is 70.   Today an index of 100 is considered good 
practice by world standards and the UK steel industry is planning to achieve 
indices of 100 - 120 on the 10-12 metre blast furnaces expected to be built during 
the next few years.   An illustration of the advanced state of the Japanese steel 
industry is given by the fact that in 1968 the best performance produced an index 
of 130 and rnc- present-day best is about 170. 

Having pointed out the extremely high outputs of best world practice, it is 
pertinent to observe that average furnace output throughout the world is still only 
approximately 1,000 tonnes per day, as Figure 10.2 shows, A continuation of the 
present world trend would lead to an average world output of about 1,600 tonnes 
per day in 1980. 

Although in general terms the economies of scale favour the largest units, in 
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practice the total capacity of the steel Industry undergoing expansion also influences 
the size of furnaces installed.   Thus the largest units are inappropriate ro 
countries having   low annual capacities.    The maximum size  of the 
furnace is sel not only by the complexity of factors determining the total 
size of the works, but also by the fact that it may be economic to divide the iron 
production between two or more blast furnaces to match expansion of the ironmaking 
with the development of other parts of the vvorks. 
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FIGURE 10.2- WORLD AVERAGE BLAST FURNACE OUTPUT 
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Figure 10.3illustrâtes the economies of scale of installations having one, two, 
three or lour blast furnaces.   Based on costs of a number of large modern works, 
there appears to be little economic advantage in producing iron in installations 
having outputs greater than 10 million tonnes per year.   The full line in the Figure 
is an indication of the general level of unit conversion costs achievable at any level 
of output.   The introduction of larger blast furnaces will lower this curve slightly 
especially in the band 2 to 8 million tonnes per year but is unlikely to effect the 
cost above 10 million tonnes per year. 

Table 10.2 shows a breakdown of the comprehensive conversion costs at different 
levels of output.   The unit costs of iron ore, coke, credits and working capital have been 
excluded from calculations of cost for this figure and for this comparison.   To 
obtain total costs of hot metal, $45/tonne must be added to the comprehensive 
conversion costs to account for the items omitted. 

TABLE 10.2 B.F. IRONMAKING COMPREHENSIVE CONVERSION COSTS 
($/tonne) 

Item Annual output - million tonnes 
1.0 3.0 10.0 

Consumable and maintenance 
materials 

Fuel and energy 
Utilities 
Labour 
Allocation for works services 
Capital charges 

1.6 

1.2 
0.6 
0.7 
4.0 
7.2 

1.5 

1.2 
0.6 
0.5 
3.3 
5.8 

1.5 

1.2 
0.6 
0.4 
2.8 
4.6 

TOTAL 15.3 J?.9 11.1 

10.3 Coke rate 

Blast furnace coke rates, I.e. the quantity of coke required per tonne of hot 
metal production, have been falling throughout the world for many years and further 
reductions will be achieved. Figure 10.4 shows the change in world average coke 
rate and Figure 10.5 shows the situation which obtains on large blast furnaces in 
Japan.   It is noticeable inElgurel0.5 that the coke rate fell sharply during the years 
1958 to 1964.   This was due at first to increased use of sinter and better 
furnace control.   Oil injection began in 1961 and together with other improvements 
in furnace operation produced a sharp change in coke rate during 1961/62.   From that 
time there has been no marked change in total fuel rate which has remained a little 
over 500 kg per tonne.   The coke rate however has continued to fall as larger volumes 
of oil have been injected into the furnace and as furnace practice has continued to 
improve.    The current world fuel rate record is about 450 kg of coke and oil per 
tonne of hot metal recorded in Japan.   The best actual coke rate.also achieved in 
Japan,is 365 kg per tonne. 



108 

16 

15 

14 

13 

12 

11 

FIGURE 10.3 

4 6 8 

Annual output - million tonnée 

TYPICAL ECONOMIES OF SCALE CURVE FOR 
MODERN BUST FURNACES 

Table 10.3 gives average coke rates for various countries In 1967 and also 
forecasts made by the Economic Commission for Europe, In that year, of coke rates 
in 1980.   It appears us though the forecasts for Japan are pessimistic since Japanese 
practice on most large furnaces already lies within the range given for 1980.   The 
same cannot be said, however, for most other countries which are Improving more 
slowly  on    their 1967 performance. 
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TABLE 10.3 TREND OF BLAST FURNACE COKE 
CONSUMPTION 

(kgAonne of hot metal) 

1960 1967 1980 

EEC 890 620 480 - 520 
United Kingdom 825 656 490 - 530 
Rest of Western Europe 660 490 - 530 
USA 749 639 460 - 500 
Canada 555 440 - 480 
Latin America 700 490 - 530 
Africa 773 490 - 530 
Middle East 500 - 540 
Japan 617 496 435 - 475 
India 845 500 - 550 
Rest of Asia 790 500 - 550 
Australia 608 440 - 480 

USSR 711 600 460 - 500 
Other East European countries 710 480 - 520 
Communist China 867 500 - 550 

World 632 470 - 510 

The theoretical minimum coke rate necessary to achieve adequate reduction 
of rich oxide burdens has been stated by VonBogdandy to be 390 kg per tonne.   A 
substantial part of this can be replaced by oil and in Japan it has been shown that 
35 percent of the coke can be replaced by oil.   The trial was conducted in 1963 and 
80 it does not follow that at a theoretical minimum fuel rate the same replacement 
value would apply.   Nevertheless, it is reasonable to suppose that 15 to 20 percent 
of the coke could be replaced by oil and this would bring the coke requirement down 
to around 320 kg per tonne.   There have, in fact, been suggestions in the UK and 
elsewhere that 300 kg of coke and 70 kg of oil may ultimately be achievable. 

It is our belief, taking into account the likely further improvements in blast 
furnace operating practice and assuming an oil injection rate of 80 kg per tonne, 
that the coke rate on Japanese furnaces will fall to around 360 kg per tonne by 1980. 
This is to be compared with a likely world average of around 500 kgs per tonne. 

The most advanced large blast furnaces operating in Japan arc very close to 
their limit of technical efficiency, and further large improvements in thermal 
efficiency cannot be expected.   A further reduction in coke rate can be expected but 
it will be produced entirely by substitution of alternative fuel sources for part 
of the coke, as discussed in the following article. 
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10.4   Fuel injection 

Oil Injection 

Fuel oil injection through the tuyeres is used in blast furnace operation more 
frequently than any other injection practice.   In 1966 at least eleven countries 
were using oil injection, while today most ironmaking countries practice it, and 
almost all, if not all, new blast furnaces have oil injection facilities built into 
them.   In Japan the practice of oil injection has spread to approximately 80 percent 
of blast furnaces and is still growing. 

The quantity of oil to be injected depends on a number of factors, the most 
important of which are the relative prices of coking coal and oil, the replacement 
ratio at which oil can be substituted for coke,and in some cases, the improvement 
in furnace productivity. 

Average oil consumption, on furnaces using injection, ranges from around 
25 kg per tonne hot metal in most countries, to 40 kg in Japan.   Much higher quantities 
have been injected in full scale trials; for example, over 100 kg per tonne hot metal 
werc injected very successfully by Nippon Steel Corporation in 1970, and we understand 
that using emulsifying techniques 135 kg per tonne have been injected in German 
trials.   Various reports predicting high coke replacement rates have been published 
but it seems rare for long term operational performance to exceed a rate of 1 kg of 
oil replacing 1.35 kg of coke; in fact some furnaces are operating at a replacement 
rate very close to unity.   Experience has shown that prediction of the replacement 
rate before installing oil injection on a furnace is unreliable and in practice results 
are often poorer than the prediction.   A typical example of the replacement rate on 
a large modern furnace is given in Figure 10.6. The maximum level of replacement 
and the point of onset of rapid fall in replacement rate depend on the furnace practice 
but it would be unwise to plan to achieve a replacement of more than about 1.3 
without using oxygen injection and higher blast temperature. 

The effect of oil injection on furnace productivity can be seen from Figure 10.7. 
The actual rate of increase of productivity depends among other things on blast 
temperature.   The higher the blast temperature the greater is the amount of oil 
which can be injected but the increase of productivity is less.   The figure refers 
to injection practices in 1965.   With improved furnace practice, injection rates 
around 40 kg of oil per tonne and with blast temperature in the region of )2(XPCt 

an improvement in productivity of 3 to 4 percent can now be expected.   Special 
trials using high injection rales - around 100 kg per tonne - suggest that productivity 
improvements of 6 to 9 percent may be possible.   With oxygen enrichment the 
productivity improves still further. 

The cost of oil injection equipment is small compared to the benefits which 
can often be obtained from cheaper fuel substitution. Oil injection can easily be 
installed on existing furnaces. 

The trend to increased usage of oil injection and to increased injection rates 
is very well established.   Oil injection can be justified on all blast furnaces where 
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coke costs more per tonne than oil.   The growth of oil injection, and its effects 
and economic advantages, appear  to be leading to an average world consumption 
of 50 to 75 kg per tonne.   In cases where the economic advantages of oil injection 
are very strong, injection rates of over 100 kg per tonne will become common, 
assisted particularly by recent research on improving oil injection by generating 
an oil stream of very fine particles. 

Gas injection 

Injection of gas is not as common as that of oil but is widely practiced in the 
USSR.   In 1965 80 percent of pig iron was produced there in furnaces with gas 
injection, mainly using natural gas.   The effects of natural gas injection are similar 
to those of oil in jeetion and lciinc metre of natural gas will replace about 1 kg of 
coke.   A lower replacement volume is achievable for coke oven gas and the 
improvement in productivity is also substantially lower.    Table 10.4 shows the 

TABLE 10.4   - SOME PROPERTIES OF  BLAST FURNACE 
INJECTANTS 

Carbon/ 
Hydrogen 

ratio 
(weight) 

m^/kg fuel Heat release 
at tuyere        KJ/kg 

CO H2 toCOilL Net * 

Coke oven gas 

Natural gas 

Fuel oil 

Low volatile coal 

Coal tar 

Coke 

2.2 

3.2 

7.4 

19.1 

16.5 

225 

0.9 

1.6 

1.7 

1.7 

1.8 

1.8 

2.4 

3.0 

1.4 

.5 

.6 

5900 

13600 

6700 

8000 

9000 

J 0800 

- 6800 

- 8400 

- 1200 

- 2200 

- 2700 

- 5800 

•net heat release at tuyeres is sensible heat plus heat of combustion less heat 
required to raise products to 1870°C. 

properties of injected fuels.   It can be seen that the heat taken up by coke oven gas 
and natural gas is greater than for other injectants and a correspondingly larger 
increase in blast temperature is needed, more so for natural gas than for coke 
oven gas. 

The use of natural gas depends essentially on its availability and is a matter 
of the relative costs of fuel oil and gas at the works.   In most locations it is too 
expensive.   The use of coke oven gas in the blast furnace depends on the demands 
for coke oven gas from other sources, and is unlikely to warrant consideration 
except where a surplus exists. 

A promising method for reducing the coke rate, developed initially at 
CRM (Centre de Recherche Métallurgique, Belgium ) lies in combining a measure 
of direct gaseous reduction with the blast furnace operation.    To produce metallized 
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iron pellets or ore in a shaft furnace for use in .solid form, such as for melting stock 
In the electric furnace, as low a icrmperature as possible is desirable.    This helps 
to avoid slag formation and to simplify cooling without subsequent rcoxidations. 
Reducing gas should be injected at a temperature oí about 1,000 to 1100 C. 

The objective in blast furnace injection is to save as much coke as possible, 
and to achieve the greatest production possible per kg of coke burned at the tuyere 
level.    To achieve this economy, the reducing gas made outside the furnace by 
reforming auxiliary hydrocarbons should be introduced at the plastic seam at the 
temperature of the gases rising at that level (about 1550 C).    In addition to doing 
all the necessary reducing, the gas brings in additional heat which will be used to 
heat all descending materials in the charge - coke, ore, flux, metallized ore and 
pellets - and save coke.    Otherwise, it would be necessary to charge at the top, 
dry, preheat in the shaft, and burn at the tuyere level.    This process makes it possible 
to charge more ore per kg of coke, thereby increasing production and reducing coke 
consumption. 

To furnish the additional heat required to smelt the additional metallized 
ore (or pellets) and the gangue material being brought down into the smelling 
zone by the injections, it is necessary to use as much additional blast heat as available, 
and beyond this to use as much oxygen through the tuyeres as is needed to keep 
the furnace operating properly and to make iron of the desired analysis.    This is 
known as the Raick Double Injection Process.* 

Reducing gas introduced above the level of the plastic seam still leaves the 
necessity of heating the stock column materials descending from this level to the 
bottom by coke burned at the tuyere level.    This coke must be charged at the top, 
and this limits coke saving and decreases production. 

Auxiliary hydrocarbons, whether reformed outside or not, introduced below 
the plastic seam - even at the tuyeres - will be below the temperature of the rising 
gases and will limit coke saving and decrease production because coke must be burned 
at the tuyeres to raise the gas temperature.    If the introduction of auxiliary 
hydrocarbons is properly done, there can be some coke saving and some increase 
in production.    When auxiliary hydrocarbons are correctly introduced at the plastic 
seam there will be a possibility of a larger coke saving per tonne and a greater 
production increase than when introduction is made at any other location. 

The use of nuclear energy to produce reducing gas for injection.} n ironmaking is 
mother development whichis lxung closely studied. Shunzo Fujiki,executive vice president 
of Nippon Steel Corporation, has been quoted as observing that "nuclear energy will in 
the not too distant future take the leading role among all conceivable energy sources" ** 

Reducing gases can be produced from fossil fuels, such as heavy oil, utilising 
nuclear heat.    Helium gas, used as coolant for the atomic reactor, emerges from 
the reacto' at about 1,000 C and can be employed in heat exchangers to crack oil into 
reducing gas (II   or H   + CO).    This reducing gas is used either to produce pellets 
by direct reduction processes (shaft furnace or fluidized bed methods, see Chapter 11), 
or injected into the blast furnace to reduce die coke ratio.    The helium gas is now at 
a lower temperature and can be employed for steam generation for electric power which 
can, in turn, be used to melt and refine the reduced pellets in the electric furnace. 

*    K.G. McGutcheon/'Journal of Metals", Sept. 1971, p. 15. 
** "Metal Progress", p. 60, November 1971. 
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A possible arrangement for injecting reducing gas, formed by unclear energy, 
to a blast furnace is shown in Figure 10.8*.   In addition to the blast furnace the 
plant consists of a gas-cooled nuclear reactor, a reducing gas generator and a 
heat exchanger for recovering heat energy below 800 C.   The nuclear energy can 
be used for the endolhermic reforming of fuels to CO and W^, and also to raise 
the temperature of the reducing gas up to 1,000 C. 

Another example, shown in Figure 10.9, illustrates the possibility of 
regenerating blast furnace top gas and reinjecting it.   However, as the recycling 
reaction proceeds, the nitrogen content in the waste gas increases, so the 
injection rate is limited by the decreasing gas permeability in the furnace. 

The theoretical amount of heat required for heat loss in die furnace, sensible 
heat of iron and slag-, and heat of direct reduction of SiO , MnO and P^ in the iron 
requires a typical coke consumption of 220 to 260 kg/tonne of pig iron.    However, 
if nitrogen gas at 1500°C to 1600°C could be supplied and injected as a heat source 
(under the assumption that there is no hindrance of gas permeability in the furnace) 
the coke rate would further decrease to 130 to 190 kg/tonne of pig iron.   This 
variation, however, could be said to 1x3 another direct reduction process (see 
Chapter 11) rather than a true blast furnace process.   Nevertheless, it is the 
direct reduction effect of reducing gas injection which leads to the dramatic lowering 
of the blast furnace coke rate, since under these conditions no coke is required to 
reduce the iron. 

Although many technical difficulties remain before nuclear energy can be used 
in iron-making on a large scale, it seems likely that at least one major installation 
will be operating within this decade. 

Coal injection 
Interest in coal injection in the blast furnace is around 150 years old.   Serious 

interest was shown during die 1950's and 1960's, but the increasing practico of 
fuel oil injection during this period eclipsed coal injection as a means of conserving 
metallurgical coking coal.   A very wide range of non-coking or weakly coking coals 
can be injected, the properties and analysis being not very important, with the 
exception of sulphur and ash content.   Trends in the USA and the UK during the 
1960's showed that under suitable conditions 1 kg of coal can replace 1.2 kg of coke. 
Many earlier trials, however, failed to achieve a replacement rate better than unity. 

As long as oil injection retains its present economic superiority, there are no 
real prospects for coal injection.   Moreover, we do not expect that within the next 
ten years the relative prices of coal and oil will change sufficiently to warrant a 
general awakening of interest in coal injection.   Should that time come, however, 
then it is likely that coal would not be used on its own but in an oil/coal slurry. 
The use of oil/coal slurries containing up to 40 percent coal have been successfully 
tried in the past, but these have given way to oil injection.   At present, however, 
there will be a few locations where acceptable non-coking coal can be mined and 
transported at a price which may justify coal injection in preference to oil. 

10.5 Improvements to furnace practice 

Qîyfi?n.Ç,Jï\.c-hJl1S:nï 
Oxygen enrichment is becoming more widely practised and most large modern 

blast furnaces are designed to incorporate it. Enrichment from 21 percent to 
24 percent oxygen is a common advanced practice and in Japan a number of furnaces 
are operating at around 26 percent oxygen.   Oxygen enrichment first became a 
common practice in the USSR where about one-third of iron is now made in oxygen 

* Transactions of the Iron & Steel Institute of Japan, Vol.11, No. 6, 1971,p. 422 & 423 
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enriched furnaces. 

Attempts to improve productivity of the blast furnace by increasing the driving 
rate and so burning coke faster show that a point can be reached, even with high 
top pressure, when smooth descent is disrupted by the buoyancy effect of an excess- 
ively high volume of gas.   At this point furnace productivity begins to fall again and 
coke rate increases sharply.   The wind volume can be reduced with oxygen enrich- 
ment, which also produces an increase in flame temperature unless compensated. 
When no other alterations are made to furnace practice, then an increase in 
oxygen content of say 2 percent, raising it from 21 to 23 percent will produce an 
increase in productivity of around 10 percent.   However, the injection of fuel to 
reduce the coke rate may require oxygen enrichment to maintain proper operation 
in the furnace, as in the Raick Double Injection Process mentioned in Article 10.4 
above. 

More interest now seems to líe shown in high blast temperature than in oxygen 
enrichment as a means of compensating for fuel injection and of controlling the 
furnace.   We believe that the trend towards increased use of oxygen enrichment of 
furnaces will continue, but that enrichment rates are unlikely to grow much 
beyond their present levels. 

A special'instance has been reported* of very highly oxygen enriched blast 
(about 55 percent oxygen) being employed to enable the top gas from the furnace to 
be used directly for ammonia synthesis.   The practice has now teen discontinued 
because of a change in the requirement for ammonia. 

High blast temperature 

Increasing the blast temperature has always been an important method of 
reducing coke rate;   the effect is shown in Figure 10.10.   The corrected** coke 
rate falls by around 10 kg per tonne for each 100 C increase in blast temperature. 
In addition to its direct uses as a coke saver, high blast temperature can be used 
to compensate for tuyere zone heat loss resulting from fuel injection. 

Average blast temperatures have risen steadily over the years and practice 
on most modern furnaces is around 1150 C, with some furnaces rising to 1300 C. 

o 
The highest temperature used in prolonged operation is 1350 C.   The trends in 
fuel injection, oxygen enrichment and other blast furnace practices indicate that 
few attempts will be made to use temperatures in excess of 1350 C, and that in 
general average practice in modern plants will be to operate at around 1200 - 
1250 C over the next five to ten years. 

High top pressure 

The effect of high top pressure is co enable a large increase in wind rate to 
be achieved without disturbing smooth burden descent or increasing dust loss.   It 
is now generally accepted that all blast furnaces can economically justify some 
increase in top pressure above atmospheric,and most authorities believe that all 
furnaces should be operating at least at 1 i>*mosphere lop pressure.   Pressures of 
between 0.5 and 1.0 atmosphere can usually be achieved by modification on 
existing furnaces, but provision for higher pressures can be made only at the design 
stage of a furnace.   The trend towards high top pressure in Japan is shown in 
Figure 10.11.   Since the introduction of the technique some ten years ago, it has 
become very widely adopted.   More than two-thirds of all blast furnaces in Japan 

* J.Iron & Steel Inst, of Japan 58, No. 5, 637 (April 1972) 

** the term 'corrected coke rate' is explained in Appendix 1. 
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anj now usino top pressure.    The trend then.' indi» ales that well before tiic end 
of the dec ule almost ¿ill blast furnaces vv i JI employ this technique.     The maximum 
pressure in use today is about 2.5 atmospheres although most furnaces with top 
pressure 1 ï«.• between 0.6 and 1 atmosphere.     In the USSR pressures of around 1 .7 
atmospheres are used in several placea.    In W. Furope the advantages of high top 
pressure were not generally recognised mil il several years later than in Japan 
but its use is now becoming more common.     World average top pressure is not 
likely to exceed one atmosphere for many years. 

Top pressure has only a small beneficial effect on coke rate but produces an 
improvement in productivity of around 1 percent for each 0.1 atmosphere. 

10. o   Kffcct or burden prepa rat ion 

The gratinai improvement in coke and burden sizing practice has produced 
large increases in productivity and large reductions in coke rate.     The importance 
of sizing is now fully accepted as has already been noted in Chapter 7.    The drive 
has been towards the use of smaller and more uniform sizes of lump ore and sinter 
particles in the furnace.    Modern practice involves sizing to 25 to 10 millimetres 
but still closer limits will be used in future.    The effects of sizing practice are shown 
in the following illustrations.     Figure 10.12 shows the importance of sizing all 
constituents of the burden similarly.    Such practice produces the largest increase 
in productivity.     It does, however, have disadvantages, for with the trend toward 
decreasing particle size of lump ore, sinter and pellets, the maintaining of the 
coke at the same size as the ore produces an increase in coke rate due to the increased 
surface area of coke and consequent increased burning above the tuyeres. 

The use of pellets in the burden or of carefully sized sinter, produces an 
increase in productivity, partly due to improved gas flow and partly due to increased 
surface area for reduction.    Figure 10. .13 shows the improvement in productivity 
obtained on a variety of blast furnaces in Germany and the USA by replacing lump 
ore with pellets in the charge, and thus making higher blast volume possible. 
Figure 10.M shows the effect on coke rate of substituting pellets for lump ore in the 
burden.    Tests have shown that the effect on coke rate of similarly sized pellets and 
sinter is not significantly different;   although pellets effect a greater improvement in 
charge permeability, the bulk reduclbility of the two forms of charge is roughly 
comparable. 

It is advisable to practise rescreening of the charge immediately before 
charging, in order to eliminate fines generated during handling. 

We expect that the range of burden particle size considered acceptable for 
large modern blast furnaces will gradually be reduced further, from between 
25 and 10 millimetres to between 20 and 10 millimetres.    Tighter specifications 
will also be applied to coke particles.    The result of these requirements will be 
to cause reduced output of individual sinter and coke plants due to increased 
recirculation. 

10.7  Use of partially reduced lion ore as a blast furnace feed 

Reports of tests undertaken on both industrial and experimental blast furnaces 
confirm that normal smooth furnace operation is not interrupteil by the addition of 
pre-reduced products, and that the hot metal analysis was at least as controllable 
as with normal charging practice.    It has been pointed out, however, by Centro 
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Spori mentale Metallurgica in Italy, that the cold compressive strength of North 
American high gracie ore pellets after the onset of reduction falls sharply and 
rises only slightly as further reduction takes place.    These findings are borne 
out by tests on pellets produced in New Zealand.    In view of this phenomenon we 
find it .surprisini', lliat performance trials with large quantities of reduced pellets 
have not reported loss of performance due: to harden crumbling and high dust 
generation. 

A new high-iron briquette (HIB) facility at Puerto Orclaz, Venezuela,    is 
being commission; d and operated by Orinoco Mining Co., a subsidiary of 
US Steel Corporati, ¡n ,;".    The plant is designed to produce up to 1 million tonnes 
annually of 75 pet rent reduced 111.13's having an iron content of about 86 percent 
for use in blast furnaces, orata lower production rate,  briquettes of 92 percent 
iron content for use in steelrnaking furnaces. 

In the HIB plant,  dried Venezuelan ore is crushed and screened (-1 0 mesh) 
and them preheated in a two-stage fluidi zed bed to about 870 C.    The pre- 
heated ore is reduced in a two-stage fluidizv! bed reducer operating at about 
the same temperature.    In the first stage, ore is reduced to iron oxide (about 
30 percent reduction) by the off-gas from the second stage oí 'he reducer.    Final 
reduci ¡on to 75 pet cent is accomplished in the second stage with reducing gas 
generated by steam reforming of natural gas.    The hot reduced ore powder is then 
fed directly into the briquctting machines.    The briquettes are cooled to about 
65  C before discharge to the stockpile. 

A roll-type briquctting press produces 3.8 cm. x 3.8 cm. x 1.3 cm. briquettes. 
The HIB's ha\e Utile degradation during handling and with no significant reoxidation. 

It is expected that the Puerto Ordaz plant will be in full commercial production 
later this year. 

Characteristics of the briquettes include the case of storing and shipping 
a stable, unit-sized product, with consequent lower handling costs.     The process 
also has the advantage of producing a material of uniform quality - always 86.5 percent 
iron With 75 percent of the oxygen removed. 

The principal effects of charging reduced product to the blast furnace are 
Increased productivity and reduced coke rate.    Individual test, results show that 
each 10 percent of metallisation of the Fe in the burden results in a decrease in 
coke rate of roughly 6 percent and an increase in production also of roughly 
6 percent.    This effect is approximately linear to metallisation values around 
80 percent, but probnbly begins to fall off at higher degrees of reduction. 

Several attempts have been made to determine the economics of charging 
reduced pellets to the blast furnace.    Those attempts which show that such a 
practice can be economical seem to make the mistake of assuming a small 
price premium for metallising the pellets.    The economics are closely linked 
to the price of coke since the major effect on hot metal costs of a partially 
pre-reduced burden,  is the saving in coke.    When coke costs are low Tien the saving is 
smaller than when coke is expensive.    If a blast furnace burden is pre-reduced to a 
metallisation around 35 - 70 percent then, provided the pre-reduction can be 
achieved for a comprehensive conversion cost of not more than $10 - $12 per 

Journal of Metals, July 1972, p. 3 ; see also Chapter 11, Article 11.2 
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tonne of iron in the pellet, or around $7 - $9 per tonne ofpre-reduced 
pellet, the process tan be economical.    Other calculations from authoritative 
sources (private communie   ' 'en) suggc. i that the saving in production costs 
Is about l\ percent per 10 percent of burden metallisation.    Assuming a hot 
metal comprehensive conversion cost of $36 per tonne (sec Table 10.1) and a 
burden metallisation of 30 percent, then the saving is just under $3 per tonne. 
If the burd'.n metallisation of 30 percent is achieved by having half the burden 
metallised to 60 percent,  then the cost of pre-reducing that portion of the burden 
must not exceed $6 per tonne of iron, or around ijo per tonne of pre-reduced 
pellet. 

Cost data for the 11113 operation at Puerto Ordaz are not yet available for 
comparison, but taking both of the above examples, in order to secure an 
economic advantage it is necessary to pre-reduce the pellets for around 
$6 to 1 2 per tonne of iron in the pellets.    The present known cost of pre- 
reduction is considerably in excess of this and there is no prospect or it falling 
toa level which will warrant serious consideration of pre-reduced pellets for 
the blast furnace on a permanent basis in the foreseeable future.     It is doubtful 
whether the Orinoco Mining Company would recommend a blast furnace charge 
of briquettes alone*. 

The only occasion on which pre-reduced burdens can be seriously 
contemplated is when steelmaking capacity is expanded and a small increase 
In blast furnace output is required to provide the additional hot metal required. 
A practice using pre-reduced ore or pellets may then be economically justified 
because it delays the building of a new blast furnace. 

10.8  Effect of charging limestone to the blast furnace 

The penalty for charging raw limestone to the blast furnace, as opposed to 
charging calcined limestone together with sinter,  is considerable.     In the first 
place, the heat required to calcine 150 kg of limestone is equivalent to that 
produced byr about 10 kg of coke.    Thus at a limestone rate of 150 kg per tonne 
hot metal about 10 kg of coke breeze per tonne hot metal would be required to 
calcine the limestone in a sinter plant.    In a sinter plant all the carbon is burnt 
to CO„ but in a blast furnace not all the carbon is converted to CO , and thus if 
calcining is undertaken in the blast furnace a largor quantity of coke must 
be used.     In addition to this,  the economics of the blast furnace suffer in three 
more ways.    First, the coke used must ne of metclhu-gical quality rallier than coke 
breeze; second, the presence of this extra coke reduces the \olume of furnace 
available for iron ore;  third, the CO,, generated from the limestone dilutes the 
reducing gas in the furnace and reduces the calorific value of the top gas.   It is 
not possible to generalise on the saving due Lo sintering the limestone hut it is 
clear from the discussion above that there is a strong economic incentive to 
avoid charging raw limestone to the blast furnace. 

Journal of Metals, July 1972. 
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10.9 Ust* of charcoal in irnnmuLing 

Because of its limited application, charcoal as a reductant has received 
very little attention on a world scale, nevertheless charcoal blast furnaces are 
operatili;; in several countries.   Where small blast furnaces are to be located 
near local ore reserves in forested areas remote from supplies of coal suitable 
for blast furnace coke, then charcoal charging warrants detailed examination. 
For example, a small charcoal blast furnace, rated at 325 tonnes per day, is to be 
constructed in Thailand by 1973.   The furnace will operate on charcoal and it is 
expected that the charcoal rate will be 565 kg per tonne hot metal with 12.5 percent 
of this being injected through the tuyeres as at1 oil/charcoal slurry.   The furnace 
is rated at 1. 6 tonnes per cubic metre per day which is comparable with the best 
performance of existing charcoal furnaces. 

As a reductant and a fuel charcoal has proved itself satisfactory in small 
furnaces but it possesses several important disadvantages when compared to blast 
furnace coke performance in large modern furnaces.   Its inherent low strength 
combined with a high reactivity increases the tendency to crush and burn before 
reaching the melting zone of the furnace.   These characteristics cause disruption 
of the operation of the blast furnace and result in decreased productivity and 
increased charcoal usage.   In addition to these disadvantages, the low density of 
charcoal results in a decrease in the volume of the furnace available to iron ore. 
Against these physical disadvantages may te placed the important advantage of 
high purity and the low resultant slag volume. 

The yield of charcoal from wood is in the range 30 - 40 percent.   Thus it 
is important to reduce the distance over which the wood must be hauled.   There 
are economic advantages to carbonising the wood near the felling site, but this 
results in a varying moisture content in the charcoal, which in turn causes 
fluctuations in the operating characteristics of the blast furnace.   The trend is, 
therefore, to overcome the difficulty by carbonising near the steelplant and then 
storing the charcoal under cover. 

The adoption of planned reforestation schemes using eucalyptus trees, which 
can be used after eight years, has made it possible to make more use of land withir 
the vicinity of the steelworks.   The use of virgin forest has become impracticable 
in most cases, since the areas are sparsely populated and transport costs to the 
steel-consuming industries become excessively high. 

It would seem that the physical and chemical characteristics of charcoal 
militate against its use in new large blast: furnaces, and this alone is likely to 
lead to a decline in charcoal reduced iron as a proportion of the total production 
in areas like Latin America.   Small and medium size works reinóte from deep 
water transport routes and deposits of coking coal, but close to extensive areas 
of forest with charcoal potential, would need to be evaluated carefully, particularly 
if there is a history of successful charcoal operation at the site.   Where large 
works are to be constructed close to deep water, it is highly unlikely that the works 
could be operated economically on charcoal.   The promise of further substantial 
reductions in coke rate of large furnaces is also calculated to swing the balance 
of future operation again ru charcoal. 
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Another possibility for using charcoal might be the blondin.; of poor qualitx coal 
with charcoal in the preparation of 'formed coke', where rhc high p'irity of the 
charcoal nii/vln compensate for the high impurity find ash level of the coal.   In 
this way a 'coke' of satisfactory strength might he produced in combination with 
loca! coal; together these facts might offer some economic advantage compared 
with imported coking, coal. 

The finality of charcoal iron is such, however, that there will be a continuing 
cbnniui for appreci;;l>le onantitioF.     Swedish steel owes much o," its reputation 
to the use of nig,, ¡,uruy uiM^oal iron as ;,,e Mari L.g pok.i of it;; manufacture. 

The charcoal furnaces operating at Windowic, Western Australia, have a 
combined arrival capacity of 70,000 tonnes of pig iron, and over 80 percent of 
the output is exported through Frecmantle. 

Windowic charcoal iro.i is particularly suitable for the manufacture of 
spheroidal graphite cast iron or ductile iron.     Uses for which charcoal iron is 
particularly suited include steel and paper mill rolls,  ingot moulds and slag 
pans, malleable castings, piston rings, and in the manufacture of steel castings. 

Although Windowie iron as produced in the blast furnace is very low in 
phosphorus, sulphur and other elements, demand for a wide range of specifications 
has led to the installation of a 10-ton "shaking ladle" for further purification, and, 
If necessary, additions to the metal. 

In the ladle, the composition of the metal is controlled by injecting oxygen 
and various additives.    As a result a pig iron of virtually any required 
specification can be produced within very close tolerances. 

10.10  Hot metal quality of blast furnace iron 

The hot metal requirements from the blast furnace are dictated by the needs 
of the basic oxygen steelmaking plant which requires metal of consistent analysis 
and temperature to be able to operate effectively at high output.   The most critical 
single constituent of the blast furnace hot metal is its sulphur content since the PO F 
is an inefficient desulphuriser and is able to remove only about half the sulphur 
in the hot metal.   It is important, therefore, to ensure that the sulphur in the hot 
metal is at an acceptable level.   Nearly all DOF plants now require sulphur content 
to be below 0. 05 percent for all hot metal.   Many plants require all hot metal 
below 0.04 percent sulphur with a proportion, around 25 percent of the total, to 
possess a sulphur content less than 0. 025 percent.   The blast furnace can be an 
efficient desulphuriser  but only at the expense of increased slag volume, higher 
operating temperature, higher coke rate and higher metal temperature.   These 
facts raise costs and decrease output, in addition to which, the higher temperature 
produces a higher silicon content which is undesirable at the steelmaking stage. 
A further disadvantage is that it is difficult to make the blast furnace react swiftly 
to an undesirable change in !ut metal sulphur content. 

The simples: solution to the problem is to operate the furnace in a uniform 
manner and provide a consistent hot metal temperature at the same time accepting 
the resulting sulphur level and then desulphurising the metal between the blast 
furnace and the IX)F.   In many cases there are strong economic advantages to 
external desulphurising, as shown in Figure J(U5 from information published 
recently by one major works in the UK. 
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Several approaches have been adopted lor external desulphurisai ion.   The:so 
fall into two main tap go rie«: (a) batch processes; (h) continuous processes.   The 
majority of methods being developed at present arc of a hitch nature and 
desulphurising is carried out in a ladle set apart from the conventional process 
path.   The simplest batch process involves plurging a des tlphurising rcai;ent 
to the bottom of the ladle using a refractory bell.   The cost of reducing sulphur 
from 0.(125 poi ceni io less than I). 01 perceni by this method is about ^) per tonne. 

All hatch processes have the advantage that they can be easily controlled and 
continued to a desired point. 

Continuous processes can be installed in the existing runner system of the 
blast furnace.   The process available from Rheinstahl   consists of a cylindrical 
vessel into which metal flows tangent tally and mixes with calcium carbide fed 
steadily into the vessel ;    the slag is periodically raked off.   The process is very 
efficient and desulphurisation from 0.12 percent sulphur to an acceptable level can be 
achieved for around $1. 25 per tonne.   In such a case, up to $2. 5 per tonne can be 
saved at the steelmaking stage. 

The advantages of external desulphurising and the growing need to operate 
modern furnaces in a uniform manner without regard to small variations in sulphur 
content will result in a growth of external desulphurising. 

In situations where hot metal is unavoidably high in silicon, such as India, 
desiliconising can often be justified.   There appear to be no prospects of a marked 
improvement in the currently available methods of Indie desiliconising using oxygen 
injection. 

10.11   Kicctric smelting processes for ironmaking 

There are two established electric smelting processes which are now operating 
in many parts of the world.    These are the Tysland-Hole and the Elektrokemisk 
processes. 

The Tysland-Hoje j)rqces_s_ 

This process was developed in Norway.   It employs a low shaft electric 
arc furnace into which iron bearing materials, such as lump ore and sinter, and 
coke are charged continuously.     Reduction of the ore and molting of the resultant 
product take place in the furnace hearth from which liquid pig iron is tapped 
intermittently.    Metallurgical coke, a mixture of coke and coke breeze, or 
charcoal can be used as reductants.   The process requires about 2200k\Vh of 
electricity and 350kgs of coke per tonne of hot metal when melting an iron 
bearing charge containing about h() percent Fe.    This is equivalent to a total 
energy requirement of lo giga joules per tonne. 

The largest furnace operating in Norway, has a rated capacity of over 
160, 000 tonnes of hot metal per year.    The largest Tysland-Hole ironmaking 
plant, also operating in Norway, can produce approximately 700, 000 tonnes 
of hot metal per year. 
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The Tysland-Holc process proved itself very successful from the time it 
was first Introduced.    It is flexible in that it can be operated at as low as 
50 percent of rated capacity without affecting metal quality or greatly increasing 
the energy requirement.    Also, the process can be adapted to produce a 
wide range of products, from ordinary pig iron to various types of ferro-alloys. 

A major advantage of electric smelting processes is that they provide a liquid 
product which can be converted to steel by the BOI«" steelmnklng process.    However, 
they are only competitive with the blast furnace in locations where cheap electrical 
power is available.    Costs for a  0.5 million tonne per year Tysland-Hole 
furnace operation in such a location are given in Table 10.5. 

TABLE 10.5  - IRONMAKING COSTS OF TYSLAND-HOLE PROCESS 

Unit Cost 
$Aonne 

Iron ore (lump) ($14.5/t) 22 

Coke ($41/t) 14 

Electricity (@0.25*ykWh) 6 

Other conversion costs 4 

Capital charge 8 

54 

Credits -2 

52 

Allocation for general works 
services and working capital 7 

TOTAL 59" 

• 

The capital cost of a 0. 5 million tonne per year installation is about $42 per 
annual tonne of capacity.   The cost of a smaller plant with an annual capacity of 
100,000 tonnes is about $50 per annual tonne, whereas the cost would be about 
$40 per annual tonne for a larger plant with a capacity of one million tonnes. 
The economies of scale obtainable from Tysland-Hole plant beyond a capacity 
of 0. 5 million tonnes are thus small. 
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From the cost breakdown in the table it is evident thai the total cosí oí 
coke and electricity anioivJ.s lo about ."SO percent of the tot::].     Tin proceri is 
clearly sensitive to the co^t of elect) icul energy and this has led to tlie 
development of the Elcktrokcmisk process. 

The Elektrokenùbkj)/occs_s__(See also Chapter 11, Article 11.4) 

This process was also developed in Norway.   It involves electric smelting 
with pre-reduction and produces liquid iron.    The iron ore charge, together with 
non-coking coal or charcoal and a certain amount oi limestone, is fed into a 
rotary kiln reactor heated at the discharge end by a fuel oil burner.     The partially 
reduced product, together with the coal char, falls into an electric smelter. 
Complete réduction and melting of the charge take place in the furnace from which 
liquid iron is tapped intermittently.     The quantities of electricity and coal required 
will depend upon the degree of reduction achieved in the pre-reduction kiln. 
Generally the process will require about 1400 kWh oí electricity and 400 kg of 
coal per tonne of hot metal produced from an iron ore change containing 60 percent 
Fe equivalent to a total energy requirement of 14.5 giga joules per tonne. 

This process lias been in commercial use for liquid iron production in 
Yugoslavia and South Africa.   The largest kiln-eleciric furnace unit has a rated 
capacity of about 70, 000 tonnes of hot metal per year, although it is understood 
that this has now been upgraded     to 100, 000 tonnes per year.    The capaci ty of the 
Yugoslavian and South African plants is of the order of one million tonnes of hot metal 
per year, but the Yugoslav kilns are no longer operating. 

Ironmaking costs of the Elektrokemisk (Elkem) process are given in Table 10.6 for 
a plant of 0. 5 million tonnes per year.    Electricity is charged at 0.25 cents 
per kWh. 

The capital cost of an Elkem plant is greater than a Tyslaud-Uole plant 
of equivalent capacity because the former   is a two-stage process. 
The economies of scale of capital cost are, however, similar to those of the 
Tysland-Hole process. 

The total cost of fuel and energy is significantly lower than that of the 
Tysland-Hole process under identical conditions.    This is mainly due to the 
fact  that  the Elkem    process uses cheaper coal, and also that the thermal 
efficiency oi the process is superior. 

The economic advantage of the Elkem process over the Tysland-Hole 
increases as electricity rates increase and makes the former the natural choice 
for most applications of electric smelting.    Tysland-Hole furnaces are only likely 
to be built, In future, as extensions of existing installations. 
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TABLE 10.6 - IRONMAKING COSTS OF ELEKTROKEMISK 

PROCESS 

Unit Cost 
$A 

Iron ore (lump) ($14.5A) 22 

Coal($41/t) 11 

Electricity   (0.25c/kWh) 3 

Other conversion costs 5 

Capital charges at 20% 9 

Credits 
"ST 
-1 

49 

Allocation for general works 
services and working capital 7 

TOTAL 

      1 

56 

Ì 
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CHAPTER 11   - DIRECT REDUCTION SPONGE 1RONMAKING 

11.1 Direct reduction ironmaking processes 

'Direct reduction' is a generic term which by common acceptance is now 
taken to include all processes which yield reduced iron products, usually 
referred to as sponge iron, in the form of irregular lumps, spherical pellets 
or fine iron powder. 

In recent years many direct reduction processes have been described. 
These processes have embraced a very great range of plant and every known 
type of reducing figent.   There are many reasons and conditions which have been 
encountered, differing from country to country, to justify the development of 
these processes in such large numbers.   For instance, most of the processes 
have been designed for outputs much smaller than those normally associated 
with economic blast furnace ironmaking plant, giving opportunities to establish 
self-contained plants in countries such as South Korea which cannot utilise the 
production of a large blast furnace.   As the processes generally use fuels other 
than blast furnace metallurgical coke, certain countries have found a direct 
reduction process the most economic because of the local availability of an 
alternative energy source.   Examples are the use of natural gas in Mexico and 
electrical power in Scandinavia.   Also low-grade ores or ores with contaminants 
such as titania (as in the New Zealand ironsands) which cannot be used in the 
blast furnace burden can be exploited by employing certain direct reduction 
processes. 

Direct reduction is a developing technology and new processes are continually 
being proposed or new plants built.   Those processes which are actually in use, 
and those which appear to show promise of successful development, are listed in 
Table 11.1.   However, we endorse the following comment from the Battelle 
Memorial Institute: * 

"The published literature on direct reduction is biased. Most publications 
deal with d limited range of subjects.   These subjects include descriptions 
of processes, the results of chemical and metallurgical experimental work 
(including pilot plants), economic forecasts for new plants, and predictions 
about the future.   Missing from the literature are reports on how and why 
certain plants failed and the actual costs being experienced in operating 
plants.   Until we reach a situation where both sides of the story are equally 

* Paper presented at F..C.E. Seminar on Direct Reduction 
of Iron Ore, Hucha rest, Sept. 1972. 
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well known, and the deficiencies of direct reduction are 1»lanced against 
the advantages, much caution must !>e exercised to avoid being carried 
away by the vocal optimist. It may be significant that some of the 
organisations and individuals who have operating experience with direct 
reduction plants (some now defunct) make a point of avoiding open 
presentations such as the present Symposium. 

One of the main problems is that in some cases the estimated cost of 
production tends to be high enough to discourage rapid acceptance on a 
large scale.   The number of uncertainties is high. 

The conclusion is that by the time that direct reduction reaches 
maturity as a high tonnage commercialised series of undertakings, the 
form of the processes and the means by which we select between them 
and select their raw materials will te different from the way that we know 
them today.   Direct reduction processes as now visualised by no means 
represent the highest potential for their utilisation." 

The wide international interest in the potential of direct reduction processes 
is indicated in Tabic 11.2, from which it will be noted that of the plants actually 
in operation the majority are based on gaseous reductant. 

TABLE 11.1- IMPORTANT DIRECT REDUCTION PROCESSES 

Gaseous reduction Solid reduction Electric 
processes processes prereduction 

HyL SL/RN Elkem 
Mid rex Krupp 
Orinoco (HIB) 
Amico 
Purofer 

11.2 Caseous reduction processes 

The gaseous reduction processes utilise natural gas as the principal source 
of reductant and fuel.   Alternatively, they could use any of the liquified petroleum 
fractions or straight-run naphtha as the prime source;   these would need 
reforming before feeding to the process, and at die present lime there are no 
commercial plants based on reformed petroleum fractions. 

' 

The fluid nature of the reductant has encouraged development engineers to 
try to perfect a fluidi sed bevi process with the ore as fines.   With a growing 
proportion of iron ore becoming available in this form, this would appear to 
have considerable advanlag. ^.   However, the main disadvantage of using ore 
fines in a fluidi .sed bed reactor is that the ore particles tend to stick together 
due to the difficulty of controlling the temperature profile within the reactor, 

fl* 
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TABLE 11.2  - THE STATUS OF DIRECT REDUCTION PROJECTS 
(Mid-year 1972) 

 • -j- 

Kumbcr of plants and annual capacity (tonnes x 10 ) 

Process and Location 

Gaseous reducíant 

HyL - Mexico; Monterrey 
"       ; Vera Cruz 

-     "       ; Pucblfi 

-Brazil ; Bahia 

Midrex -USA; Portland, Oregon 
- "   ; Georgetown, S.C. 
- "   ; Louisiana 
- Canada; Contracoeur 
- Germany; Hamburg 

Orinoco - Venezuela; Puerto Ordaz 

Armco - USA; Houston, Texas 

Purofcr - Germany;   Oberhausen 

Solid carton reductant 

Operating 

SL and SL/RN : 
- Greece; Lyrca 
- S.Africa; Witbank 
- New Zealand; Glenbrook 
- Korea;   Inchon 
- Canada; Sudbury, Ontario 
- Brazil;   Piratini 
- W.Australia; Hamersley 
- India;   Goa 

Krupp - S.Africa; Dunswart 

Others - Yugoslavia; Skopje 
- Italy; Monfalcone 
- India; Madras 
- Japan; Kobe Kakojawa 
- "   ; Chiba 

2-250 
1-200 
1-250 

1-400 
1 -400 

1-400 

1-100* 
1-800* 

Start in g-up 
Under 

construction 

1-1000 

1-400 

1-250 

1-150 
1-150**- 
1-200 

1-400 

1-400 

1-150 

1-250H 

1-200 

1-60 

1-100 

1-250* 

Notes: + 
* 

Planned 

1-800 

1-140O+-H- 
1-150 

1-40 
1-1000 
1-2000* 

Source: 

Operations halted in May 1971 

Partial reduction for use in iron-making 

For foundry iron 

Operation halted in November 1970 

Gaseous reductant alternative (HyL) 
under consideration. 

AISE Convention, Pittsburg, September 1972("The Inevitable 
Magnitudes of Metallized Iron Ore" by Jack Robert Miller). 
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thus resulting in efficient fluidising and reduction.   A measure of the difficulties 
encountered may be judged from the fact that four of the five processes here 
described use lump or pellet feed.    'Illese are the HyL, Midvex, Purofer and 
Amico processes.   There is only one fluidised-bed process which appears to be 
sufficiently developed to be considered as a commercial proposition.   This is 
the Orinoco HIB direct reduction process. 

The HyL process 

The HyL process developed by the Hojalata y Lamina S.A. (HYLSA) is now 
operating successfully on a commercial scale at the company's steelworks at 
Monterrey and Puebla in Mexico.   This is a baldi process and employs four 
reactors which are operated in sequence to reduce lump ore or oxide pellets. 
The reducing gas is produced from desulphurised natural gas in a gas reforming 
plant.   The process is capable of producing reduced products of up to 87 percent 
metallisation.   In producing one tonne of such product from an iron ore containing 
60 percent Vc, it requires approximately 700 cubic metres of natural gas, which 
is equivalent to a heat input of about 20 giga joules. 

The first (200 tonnes per day) plant was installed at Monterrey, and began 
operations in 1957.   As a result of the profitability and technical success of this 
first unit, a second major plant, also at Monterrey, rated at 500 tonnes of Fe 
per day, began operations in 1960.    The mechanical and process design features 
of the new unit were considerably modified, involving a new cooling cycle, 
doubling the reactor area, and the charging of 120 tonnes of lump ore compared 

•with 15 tonnes.   As a result of these changes, there were considerable major 
difficulties at   start-up, which required extensive major modifications.   It was 
not until December 1962 that fully stabilised and reliable performance was 
achieved, and this has been maintained. 

After five years of successful operation at Monterrey with the second plant, 
Tubos de Acero de Mexico, S.A. (TAMSA) at Vera Cruz, Mexico, installed an 
HyL plant to produce 500 tonnes per day of total iron;   it commenced operations 
in mid-1967 and was accepted by TAMSA in December 1967.   The plant was 
originally designed to operate on El Encino lump ore, but in 1968 the supply of 
suitable El lincino lump ore was becoming depleted;   the percentage of fines and 
magnetite reached unacceptable levels and TAMSA imported Ilabira lump ore 
from Brazil.   The reducibility of Ulis ore was found to lie substantially poorer 
than El Encino and to achieve design output it would have been necessary to have 
a substantial increase in gas reformer and compressor capacity for which the 
plant had not been designed.   TAMSA then evaluated other lump ores, such as 
Mexican El Conejo, Marcona oxide pellets from Peru, and Itabira pellets from 
Brazil.   Although the reducibility of the ores and pellets varied, the operation 
was completely successful and TAMSA now charges a mixture of lump ore and 
pellets to obtain the optimum production based on availability and economics. 

In 1969 HYLSA de Mexico erected a new integrated steelworks at Puebla, 
Mexico, incorporating an HyL plant rated at 500 tonnes per day of total iron, 
processing El Encino lump ore.   In iv:ay 1970 the llyL plants at Puebla and 
Monterrey discontinued the use of lump ore and converted to an all pellet 
operation, with excellent results.   Production increased 32 percent, gas 
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consumption decreased 13 percent, and metallization improved 10.3 percent. * 

A number of alterations were made to the Monterrey design for die Puebla 
installation.   The Monterrey plant has five individual steam-methane catalytic 
reformers.   One of the basic changes made in the 1900-62 period was modifica- 
tion of the quenching-preheaiing sequence to improve plant performance, but the 
physical layout was such that the tVv'o new gas prehcaters which were added bad 
to be placed farther away from the reactors than desirable.    In contrast, the 
Puebla plant uses a single gas reformer, which is more thermally efficient than 
the five reformers at Monterrey, and the individual prehcaters are closely 
coupled to the reactors.   The inside diameter of the reactor vessels at Puebla 
is 3.76 m. compared with 3.35 in. at Monterrey - an area increase of 25 percent. 

The IlyL plants at the Monterrey steelworks have been operating consistently 
for many years at an on-stream efficiency of 95 percent.    The Puebla steelworks 
has equalled this performance since 1970.    The use of four reactors as the basic 
HyL concept contributes greatly to this reliability because at any time one or 
more of the reactors can be removed from service for maintenance, while the 
others remain, in full operation.   If an operational emergency occurs, such as 
gas supply failure or earthquake, as occurred in Vera Cruz, requiring a complete 
shutdown of the plant, it can be returned to full operation in a period of 12 hours. 

A 600 tonne per day HyL plant is under construction in Bahia, Brazil, for the 
Usina Siderurgica da Bahia, S.A.  (Usina ).   This plant is scheduled for 
commissioning in March 1973, and will process Vale do Rio Doce iron oxide 
pellets.   The HyL facility is in almost every respect identical to the Puebla plant. 
Full-scale tests have demonstrated that the reducibility of the Vale do Rio Doce 
pellets is equal to the Alzada pellets.   It is anticipated, therefore, that the 
operation of the HyL plant at the U steelworks will equal or better the 
results at Puebla. 

Engineering of a third HyL plant for HYLSA at Monterrey, Mexico, began in 
October 1971.   This plant is rated at 1130 tonnes per day of reduced pellets, and 
is scheduled to start operations in September 1973.   It incorporates several 
important technical improvements, among which are larger diameter reactors, 
higher exit gas temperature from the prebeaters, lower gas consumption, and 
better control of carbon content.   Production can be increased 25 percent by 
installing a fifth reactor at a later date. 

A comprehensive testing programme was completed in 1971 to verify that 
process performance and rated plant capacity could be guaranteed with larger 
individual reactors.    To avoid scale-up error it was necessary to devise a way 
to measure and establish the temperature profile across the reactor beds during 
commercial operation at several levels,     ine mechanical problems were 
difficult, but the means for comparative measurement were readily available. 
The reactors in the first HyL unit have an inside diameter of 2.6 m., in the 
second unit 3.35 m., and in the third unit 3.76 m.   The tests showed conclusively 
that the temperature profile extends uniformly across the bed to a point approx- 
imately 15 to 20 cm. from the reactor lining, irrespective of diameter.   Having 
verified under full-scale operating conditions that gas distribution and temperature 

* "The HyL Direct Reduction Process - Past, Present and Future" submitted by 
the USA (prepared by R. Lawrence, Jr. ) to the Seminar on Direct Reduction of 
Iron Ore, ECU, Bucharest, September 1972. 
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across the bed are uniform, the inside diameter of die reactors for the new 
plant was increased to 4.37 m. to achieve the 1130 tonnes per day rating. Even 
larger individual reactor sizes are now claimed to Ix,' feasible. 

In addition to those installations which have been described, HyL plants are 
said to be under consideration in Algeria, Australia, Canada, Argentina, 
Bolivia, Venezuela, Colombia,  France, (ireece, Iran, Kuwait, Morocco, Iraq, 
Netherlands, Puerto Rico, Philippines, Singapore, South Korea, Thailand, 
Trinidad, USSR and South Africa, with a total annual rated production of 
10.4 million tonnes of reduced pellets.   Of this number, seven locations will 
use naphtha as the source of reductanl and fuel.   The smallest installation is 
rated at 200,000 annual tonnes, the largest at 1.65 million annual tonnes. 

Costs of producing sponge iron by the HyL process are given in Table 11.3. 
These costs apply to an installation with a design output of 0.5 million tonnes 
per year and located at a site having naturai gas readily available. 

TABLE 11.3  - IRONMAK1NG COSTS OF HyL PROCESS 

Unit Cost 
$/t 

Iron oxide pellets ($2()/t) 27 

Natural gas (14 i per GJ) 3 

Other conversion costs 5 

Capital charge 8 

43 
Allocation for general works 
services and working capital _7 

TOTAL 50 

The capital costs of this process can be seen to be very similar to those of 
the Elkem process (Chapter 10, Table 10.6), but whereas the iron from the 
Elkem smelter can be refined in a basic oxygen furnace, the HyL sponge iron 
must be melted and refined in an electric arc furnace. 

The cost of natural gas is important in this process, the rate quoted above 
of 14 cents per giga joule (1. 5 cents per therm) being very favourable.   Rates 
of 50 cents per giga joule are more commonplace and would raise the total cost 
of the sponge iron to nearly $60 per tonne.   Part of the gas may be replaced with 
oil since reduction only accounts for around 60 percent of the gas requirements 
of the plant;   heat requirements use die remainder.   Natural gas can also be 
replaced by naphtha if this is cheaply available, but it is important to note that 
naphtha reforming requires a more complex plant than that for natural gas.   A 
recent development announced by ¡Coppers Co. enables coal to be converted into 
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carbon monoxide onci hydrogen, and is said by the company to Ix* suitable for 
direct reduction processes. 

Using lump ore increoHes the cycle time and reduces the output, and it also 
has a tendency to 'arch' in the reactors during discharge.    The* use of oxide 
pellets obvia tes-- .lus tendency but results in a more expensive feedstock;   it 
should be noted that it is necessary to use bardent u pellets due to the method of 
charging to the reactors. 

The N'idrex process 

This process was developed by the Midland Ross Corporation of the USA. 
It is continuous in operation, reducing oxide pellets to over 92 percent 
metallisation as they pass down a shaft furnace in a counter current flow of 
healed reducing gas.   Thus gas is produced from natural gas in a gas-reforming 
plant. 

At present there is a plant operating in Hamburg, West Germany, and there 
are two plants in the USA at Portland, Oregon, and Georgetown, Carolina.   Each 
of these plants has an annual capacity of 400,000 tonnes of reduced product. 
Another plant of similar capacity is now under construction in Canada.    Two 
further plants - one in the USA and the other in Japan - are planned, each with 
an annual capacity of 800,000 tonnes of reduced product. 

The plant at Hamburg has recently been described as converting 67 percent 
Fe ore to sponge iron assaying 95 percent J-e without changing its outward 
shape.*    The plant uses natural gas from the Groningen field in the Netherlands 
which is fed from the reformer to the shaft furnace at about 800 C.    Gas 
consumption is claimed to Ix* about 425 cubic metres per tonne of sponge i iron 
(about 13 giga joules per tonne). 

No details of the costs of the M id rex process have been published.   There 
have been suggestions thai both the capital and ope rating costs are lower than 
for the HyL process, but in the absence of reliable cost data it must be assumed 
that there has, as yet, been insufficient experience with the process to establish 
its techno-economic success and commercial profitability, in the way that the 
HyL process has been proven over a decade of commercial operation. 

Tî^^-Çjî-O?^-?JíUlPJPS-pf's.ícf. Chapter 10, Article 10.7) 

The HIB (high-iron briquette) process is based on the Nu-J ron direct 
reduction process originally developed by the United States Steel Corporation. 
It is the only fluidised-bed process which has been developed for large scale 
commercial operation. 

The process is continuous and employs fluidised-bed reactors to reduce 
Iron ore fines of particle sizes less than 0. 6 mm.   The reducing gas is preheated 
and pressurised prior to introducing into these reactors.    The fine reduced 
products are briquetted while still hot and then cooled in an inert atmosphere. 
The process is capable of producing briquettes containing up to 92 percent Fe. 

* Metal Bulletin Monthly, June 1972. 
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Maturai gas requirements are reported to be of the older of 600 cubic metres 
per tonne of product, which is equivalent to 18 giga joules. 

A plant using the process has been under construction in Venezuela for the 
past four years.   It was reported recently that plant commissioning began in 
1971, but full scale production is not expected before late 1972.   The plant, 
which has an annual capacity of one million tonnes of 75 percent reduced 
briquettcd product, has been described in Chapter 10, Article 10.7. 

Several other processes have been proposed using fluidi sed-bed techniques, 
but none appear to have been developed beyond pilot or small scale operation. 
For example the Fior process was developed on a pilot scale by the Esso 
Company in 1962.   Since then plans for a commercial Fior plant to produce 
reduced briquettes for general sale have been announced several times, but 
there are no reports of a project having been started.   A French process, the 
Novalfa -Onia process, was intended specifically for the reduction of Algerian 
iron ores;   the reducing gas was a mixture of carbon monoxide and hydrogen 
at a temperature of between. 600 C and 800 C.      There is no plant in 
commercial operation, and an HyL plant is now reported to be under consider- 
ation in Algeria. 

The A mico process 

The process vas developed by the Armco Steel Corporation of the USA. 
Although it is a batch process, in many respects the metallurgical operation of 
this process is similar to that described for the Iv'idrcx process.   Lump ore or 
oxide pellets are charged into a vertical shaft furnace in which they react with 
a counter current stream of heated reformed natural gas at 900 C to 1000 C. 
The top gas is cooled, has the water removed, and is then mixed with more 
natural gas and recycled. 

The process is claimed to be capable of producing up to 95 percent 
metallised product.   To produce a tonne of such produci from an iron ore 
containing 60 percent Fe, the process is reported to require a supply of about 
550 cubic metres of natural gas, which is equivalent to 17 giga joules. 

According to recent information, a plant with a capacity of 1000 tonnes per 
day is now being built in the USA.   The plant was scheduled to start production 
in mid-1972. 

There is insufficient published data to enable an opinion to be passed on the 
status of this process.   However, it is possible to observe that, as it is a newly 
developed batch process, it possesses neither the potential, but as yet unproved, 
economic advantage of the Mid rex as a continuous process, nor the advantage of 
having teen well tried and proven like the HyL. 

The Purofer process 

In this process also, lump ore or pellets are reduced to sponge iron in a 
shaft furnace using reformed natural gas.   The reforming and pre-heating are 
done in two alternately operating catalytic reactors, with heating of the catalyst 
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followed by reforming natural gas with air, oxygen anrl/or steam to produce a 
mixture of hydrogen and carbon monoxide al about 1000 C. 

A 500 tonnes per day plant is under construction at Obcrhausen in Germany. 

11.3 Solid fuel reduction processes 

The most important process in this category is the Slelco-Lurgi/RN, or 
SL/RN, process.   A competitor to the SL/RN process is the Krupp direct 
reduction process which, ajart from the detail of plant design and being 
manufactured by a different company, dues not appear to differ in any important 
respect from the SL/RN process.   Recently it lias been reported that a Krupp 
direct reduction plant will be built in South Africa.   This plant will have an 
annual capacity of 100,000 tonnes of reduced products. 

The Stelco-Litrgi/RNprocess 

The SL/RN reduction process was developed by the Steel Company of Canada 
in collalx)ration with Lurgi -Gesellschaft fur Chemie and Hüttenwesen of the 
German Federal Republic, and from the; end of 1964 in association with the 
RN Corporation of the USA.   The process employs a rotating kiln in which sized 
lump ore or oxide pellets are reduced.   The plant usually incorporates a 
pre-heating grate, n rotary kiln, a cooler and a char separation plant. 

A feature of this process is its use of non-coking coal in place of coke. 
A part of the heat is provided by oil or natural gas unless high volatile coal is 
used.   When reducing an ore containing about 60 percent Fe, it requires about 
800 kgs of high volatile coal, equivalent to 18.5 giga joules, per tonne of 
reduced product.   In order to prevent sulphur transfer from solid fuel to 
reduced products, a small amount of limestone or dolomite; is added in the feed. 
The gangue constituents such as silica, alumina and phosphorus are retained in 
the products.   The process is capable of effecting up to 97 percent metallisation 
in high grade ores. 

SL/RN plants have been built in New Zealand, Canada and Korea, and are 
under construction in South Africa and Brazil. The New Zealand plant was designed 
to reduce titaniferous ironsands, while the plant in South Africa is intended to 
recover vanadium. 

The three plants which have already been built are the focus of considerable 
interest because none of them has been successfully commissioned and brought 
up to design capacity. 

As a result of difficulties with the SL/RN plant, pellet plant and ancillaries, 
New 2ealand Steel Ltd. were reported'1  to have made a loss approaching 
$NZ 6 million in the fiscal year 1970-71.   The failure of the plants to meet their 
output capacity and raw material consumption guarantees made it necessary for 
the company to import Australian oxide pellets and steel scrap. 

* Metal Bulletin, 8 April 1971, page 31. 
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The nature of the difficulties was reported by New Zealand Steel Ltd. as 

follows: ** 

"The most severe operating problem has teen the formation of accretions 
which result from inaccurate control of temperature profiles within the 
kiln.    This in turn luis led to a scries of blockages in the kiln to cooler 
transfer chute.   On shut down of the rotary kiln, accretion was discovered. 
It was, therefore, dec idei! to carry out extensive research into the factors 
affecting pellet strength,  viz. its degradation within the rotary kiln." 

A report of New ? en land Steel's operation during September 1971 indicated 
the following serious draw-backs: 

i)      The major problem in the SL/RN kiln unit is the build up of accretions 
in the kiln;  because of this the continuous operation of the kiln is 
restricted to 8 to 12 weeks at a stretch.   For each shut clown, a period 
of about two weeks is required for the removal of the accretion and 
putting the kiln back into operation. 

ii)      With the use of green pellets, directly fed into the kiln, die loss of 
concentrate in the dust is quite high and because of this the waste gas 
cleaning and the dust disposal systems put a limitation on the 
operation of the plant. 

iii)      Even when heat -hardened pellets from Whvalla were used for the 
production of sponge iron in the kiln, though the dust losses were less, 
the accretion formation was of about the same order as in the case of 
using green pellets. 

iv)      The lignite used is very reactive and this results i;i increased carbon 
consumption. 

v)     "With the use of only one type of coal it becomes difficult to balance 
carbon requirement and heat requirement. 

vi)      The thermo-couples installed on the kiln indicate the correct temper- 
atures during the start-up period and for some time after start-up. 
Thereafter because of a coating of dusty raw materials on the thermo- 
couple lips, the temperature indications become unreliable with 
resultant difficulties in controlling the kiln operation. 

vii)      Because of lower metallisation and the high gangue content of the 
sponge, the power consumption at the electric steel-making furnace 
is 835 kWh per tonne when using /5 percent sponge in the charge. 
The tap-to-tap time of the heat generally varies between 190 to 
210 minutes. 

viii)     If there is a 10 percent drop in the metallisation of the product, that 
is from 90 percent to 80 percent, the power requirement increases by 
100 kWh per tonne at the electric arc furnace. 

**  "Alternative Routes to Steel" Code No. P. 137.   The Iron and Steel Institute, 
39 Victoria Street, London, S.W.I. (May 1971) 
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An attempt is being made to control the temperature profiles by reducing 
the carlxjn input at the sponge discharge end and adding lignite ein r at the 
charging end for the reducíanl.   Additional shell burners are also distributed 
along ibe length of the kiln with heat-resistant tubes projected into the centre -•"••to  '••"    .->••     "'   '"-   ..-x..    ~~ ^~ — ,,-..,* 

)f the kiln to spread the tempe rature zone lo about 25 nu 

Because of the drawbacks referred lo above, sponge production is less than 
one-third of the plant's rated capacity.   In two years, only 5U,000 tonnes of 
acceptable spong.  have Iven supplied to die melting shop, and about 20,000 
tonnes of partially lednced sponge have been stockpiled for reprocessing. 

International Nickel Co. are reported to have experienced similar problems 
with their Falconbridge plant at Sudbury, Ontario, and il is understood that they 
share with New /calanti Steel Ltd. the view that the SL/RN process requires 
further development before it can lie regarded as commercially acceptable. 

» 

'Plie SL/RN plant at Inchon, South Korea, has been closed down since November 
1970 because of an explosion the previous month in the electric smelting furnace, 
which was fed with the SL/RN sponge." 

It is understood that the original proposal to instai a large SL/RN plant at 
Hamersley, W. Australia, for the production of HIN'KT briquettes has been 
abandoned, and that consideration is now being given to the possibility of 
installing an HyL plant for this purpose, which would use the natural gas recently 
found on the continental shelf. 

Notional costs for a 0. 5 million tonne per year SL/RN plant are given in 
Table 11.4.   In this example, it is assumed that the plant is located near a 
source of non-coking coal, and that it is operating at its design capacity. 

TABLE 11.4  - 1RONMAKING COSTS OF SL-RN PROCESS 

> 
Unit cost 

$/t 

Iron oxide pellets ($20/t) 27 

Coal    (CIO/tonne) 7 

Other conversion costs 5 

Capital charge 6 

45 
Allocation for general works 
services and working capital _6 

TOTAL 51 

The largest kiln installed to date has a design capacity of 150,000 tonnes per 
year.   It has been suggested that it is feasible to develop the design to double this 

*  Metal Bulletin, 5 October 1971 , p.29. 
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capacity, although until the existing plants achieve their rated output, this must 
\\>. in doubt.   With kilns of 300,000 tonnes per year, economies of scale may be 
realised for installations in excess of one million tonnes per year.   It is 
estimated that total costs will range from $55 per tonne at 250,000 tonnes per 
year to $-19 per lonne at 1 million tonnes and $47 per tonne at 2 million tonnes. 
Thereafter the rale of decline in cost is small.   The capital cost is lower than 
for most other direct reduction processes, bul not as low as was predicted by 
designers several years ago.   Based on current output levels the capital charge 
of the plant given in Table J 1.4 is too low.   It is anticipated that the cost will 
eventually fall to the level in the table when the operating difficulties have been 
surmounted. 

11.4 Klee tri e p r- -reduction 

The Elke m process 

The Elkeni process, which has been described in Chapter 10, Article 10.11, 
as an electric smelting process, is really a two-stage process, of which the 
first pre-reduction stage is a rotary kiln direct reduction process. 

At Skopje,  Yugoslavia, where five Elkem rotary kilns are installed, all of 
them have been taken out of operation and electric smelting is now practised 
without pre-reduction. 

Recent tests have been carried out in Norway, by Elkem, on high-grade 
iron ores from Orissa State (India) for direct reduction in rotary kilns using 
solid fuel.   The tests were unsatisfactory and indicated that the process is 
inapplicable for these ores because of their advci-sc physical characteristics. 

The D-LM Cï^ÇV/iï 

A direct reduction process (named after Dwight-Lloyd McWane) which uses 
a sintering strand and electric smelting furnace has undergone extensive 
development.    Green pellets of ore fines and coal fines are spread onto an 
enclosed down-draught sintering strand and ignited.   About 60 percent reduction 
is achieved on the strand, and reduction is completed in the electric furnace. 

The principal interest in this process arises from the fact that it does not 
require metallurgical coal. 

11.5 Direct reduction iron-making using nuclear power 

Mention has already been made (Chapter 10, Article 10.4) of the use of 
nuclear heat to provide reducing gases for injection to the blast furnace. 
Considerable interest also attaches to the possible use of nuclear energy to 
produce gases suitable for direct reduction processes.* 

The development of high-temperature gas-cooled nuclear reactors has 
provided the potential fora teclinological and economic break-through in this 
field, since it is now possible to envisage reactors of 2 to 3 CW (thermal) 
providing helium gas at pressures up to 100 kg/cm   and temperatures of up 
tol200°C. 

*   ECK Seminar on Direct Reduction of Iron Ores, Bucharest, September 1972. 
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Used in a suitable »as generator, this high temperature helium could convert 
fossil fuels, such as lignite, into hydrogen and carbon monoxide for use in direct 
reduction processes.    The reduci IH; gris general ¡on is most likely io lie carried 
out at the source of the solid fuel, and the gas piped to i ron --making centres up 
to 100 km. distant.   In this way full advantage can be taken of the economies of 
scale in the nuclear reactor.    Further economic advantage will lie gained by 
using the pariially cooled helium leaving the gas generator to raise steam for 
electric power generation. 

In the longer term, ay direct reduction plañís become larger, it will be 
necessary to incorporate several reactors, gas generators and direct reduction 
plants into a single system linked through gas distribution lines;   in this way it 
Will be possible to maintain flexible production schedules capable of coping with 
repairs and partial shut-downs. 

If the relative movement of the price of fossil fuels and electricity generated 
by nuclear power continues to favour nuclear power, there may also come a point 
when electrolysis of water to yield hydrogen for reduction purposes, together 
with by-product oxygen,  becomes an economic reality.    This will require the 
development of a suitable electrolysis cell, however, and it appears more likely 
that the first applicai ions of nuclear energy to direct reduction iron-making will 
be based on coal or lignite. 

11.6 The future of direct reduction 

Direct reduction processes will continue to attract attention and interest. 
The HyL process is already well -established as a commercially acceptable 
process in areas where gaseous rcduclants are available at an attractive price. 
Clearly, the success of the developments outlined in the previous article would 
be encouraging to further u.je of the HyL, and other gaseous reductant processes 
such as Midrex. 

In commercial terms, none of the other processes currently in use lias yet 
established itself as a competitor with HyL.   The level of investment in Midrex 
plants and SL/KN plants, however, is such that eventual solution of the 
economic and technical problems appears likely. 

All of the existing processes require further development and improvement, 
and there is no doubt that future processes will be introduced - a number of 
plants are already plannet! using processes which have yet to prove themselves. 
This is a field in iron and steel technology which is undoubtedly going to attract 
a major proportion of total research and development effort by the world industry 
over the next decade. 

The extent, however, to which the application of direct reduction will 
replace other forms of iron-making is partly dependent on the total economies 
of steelmaking, and the place of direct reduction asa stage in the route to steel. 

The alternative routes to steel are considered in Chapter 14, bulan 
additional factor which is likely to assure a place for direct reduction in the iron 
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and steel industry of the future is the progressively increasing demand for iron 
units.   Miller* has suggested »hat the trend towards steel production by oxygen 
blowing and electric furnace melting will lead to scrap shortages which will 
need to be made good by metallised iron oi'e in the not too distant future;   also 
that lower coke rates will be sought by adding pre reduced ore to the blast 
furnace burden,   lite development of the mini-steelworks concept based on 
scrap and metallised iron ore, which is discussed in Chapter 22, will also 
influence the growth of direct reduction as a technique.   These factors, taken 
together, lead to the conclusion that future developments in pre-reduction 
technology are inevitable. 

* Jack Robert Miller - "The Inevitable Magnitudes of Metallized Iron Ore" 
AISE Convention, Pittsburg, September 1972. 

m 
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CHAPTER 12 - HOT METAL STEELMAKING 

12.1   Recent process developments 

The production of oxygen in tonnage quantities at a cost economic to steel- 
makers for bulk steel production became a reality after the Second World War, 
following rocket developments for aircraft and missile propulsion.   At the time, 
it was found impractical to take advantage of this in existing processes, which were 
open hearth and Bessemer.   A new process was evolved similar in concept to 
Bessemer, but using an overhead lance for jetting the oxygen into the liquid 
charge.   This process, first named LD (Linz-Donawitz) after the original 
installations, is now commonly referred to as the basic oxygen furnace (BOF) 
process. 

The economic advantages of the BOF process over existing processes for 
the majority of hot metal practices has led to a rapid decline in the proportion 
of steel produced by the open hearth and Bessemer processes.   At the present 
time, around 30 percent of world steel is made in open-hearth furnaces, and 
about 5 percent using the Bessemer process.   Much of this Bessemer steclmaking 
uses the Basic Bessemer or Thomas process, and is concentrated in a few 
countries which still have a high proportion of high phosphorus hot metal for 
steclmaking. 

The decline continues and it is predicted that by 1980 open-hearth steel will 
account for less than 10 percent of world steel production, and that the Bessemer 
processes will no longer be used. 

Recent developments in tuyere design have now made it practical to bottom 
blow a Bessemer type converter with undiluted oxygen.    Development has been 
proceeding at several centres so that the process is variously termed OBM (by    . 
Maximilianshütte), Q-BOP (by US Steel) and LWS (by Société  Creusot-Loire, 
Société Wendel-Sidelor and   Etablissements Sprtmck).   This technological 
breakthrough has resulted in some Thomas converters being adapted to the new 
process instead of being closed clown.     The development is also seen as a means of 
prolonging the economic life of certain open hearth furnaces.    Bottom blown 
processes are discussed in Article 12.3 below. 

147 
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12.2  Top-hl own converter processes 

The LD or 1101' is the main process under this heading.    Several other 
processes based on the IK)F have been developed lo spread the advantages of 
tonnage oxygon injection over a wider band of hot metal practices.    However, 
Willi development of the BOF process itself, and now the revival of bottom-blown 
converter processes, the future of these BOF variants is limited.    In consequence, 
this Article deals principally wiih technological developments of the BOF;   the 
other processes are reviewed briefly at the end of the Article. 

Growth in furnace size 

The size of BOF furnaces has grown progressively as the size of steelworks 
has increased.     It is only now that furnace sizes are approaching those of the 
largest open hearth furnaces.     The economic advantages of large furnaces are 
evident from Figure 12.1, which shows stcelmaking comprehensive conversion 
costs compared with furnace size. 

Table 12. 1 shows the distribution of furnace capacity for the world in 1971. 
Furnaces in the 10Ü to 200 tonne capacity range are the largest group, and more 
than two-thirds of those under construction are over 150 tonnes capacity.     This 
contrasts sharply with the size range of the earlier Bessemer conveners which 
were le.-s than 100 tonnes. 

TABLE 12.1 DISTRIBUTION OF RA SIC OXYGEN FURNACE CAPACITY 
IN 1971 (Number of furnaces) 

— 

Country Furnace Size (tonnes) 

up to 100 101-150 1 51-200 201-300 over 300 

Japan 

USA 

All other 
countries 

40 

8 

121(+6f 

8 

17 

86 (•¥))* 

21 

22 

20(1-7)* 

17 (-+2)* 

33 (+1 )* 

3 8 (+2)* 10 (+n* 

Total 175 120 70 93 17 
X '   Furnaces u nder construe Lion in 1971. 

The largest furnace in operation to date is of 350 tonnes capacity, but a 
400 tonne furnace shop is planned to go into sendee at August-Thyssen Hütte in 
West Germany in 1974.    A trend toward still larger furnaces us unlikely, at 
least for seme years, for three reasons.     Firstly the trend in steadily reducing 
cycle times is making very large vessels unnecessary - for example, two 200- 
300 tonne furnaces can provide for the requirements of a steelworks having a 
capacity of 5 to S million tonnes per year.     The second possible restraint is 
that of materials handling;   this point has already been raised in Chapter 10 
concerning the handling problems around the base of very large blast furnaces. 
Similar problems of congestion need careful evaluation and resolution if the 
benefits of increased furnace size arc not to be offset by extended cycle times. 
Thirdly, the logistics of matching the furnace size to the casting facility, 
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especially if this is comprises a continuous casting machine, places a further 
restraint on the growth of furnace size. 

Plant configuration 

The short cycle time of the BO F process makes it desirable to have a 
constant number of furnaces in operation to ensure a smooth demand for hot 
metal and a smooth supply of liquid steel.   Thus, it has teen common practice 
to build one more furnace than the number to be operated,   so that one 
furnace is rclined while the others are producing steel.   Initially lining lives 
and rclining times were such that a two-furnace shop with one operating was 
the only practical layout.   With longer lives and shorter rclining times, three- 
furnace shops and in some cases four-furnace shops became practicable. Table 12.2 
shows the current distribution of arrangements throughout the world. 

TABLE 12.2- BOF PLANT C ONFIGURATION IN 1971 

Operational Number of 
configuration cases in world 

1 furnace out of 2 48 

2 furnaces out of 3 116 

3 furnaces out of 4 59 

4 furnaces operating 2 

Most cases of one furnace operating out of two are now in works with a second BOF 
Shop, the first shop being an early installation of small furraces; when the time came 
to expand it was found necessary to build a second shop with larger furnaces and not 
add the third furnace to the first shop. 

The use of three furnaces out of four requires either long campaigns on the 
operating furnaces, or very short rclining time on the one furnace out of 
service.   Long campaign lives can be achieved by 'gunning' the lining after 
each heat, but this increases the cycle time.   This, coupled with the complex 
sequence of materials handling movements that arise when three or more 
furnaces are in use, reduces the utilisation of the furnaces, so that the increase 
in capacity of the shop is less than the increase in number of furnaces. 

The most common configuration is two furnaces operating out of three. 
This provides the most effective compromise between flexibility and economies in 
capital and operating costs.   In planning a works on a green field site, the 'two 
out of three' arrangement can be considered in two stages provided the second 
stage of development raising it from a two to three-furnace shop is programmed 
to take place within a few years of the first stage. 

BOF cycle urne 

The most significant development in BOF practice has been the reduction in 
tap-to-tap time.   During the last ten years the design cycle time for a medium 
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size HOF furnace of, say, 120 tonnes has been cut from 1 hour to around 
40 minutes'".     This improvement has been achieved by design improvements 
that have enabled ihe oxygen to be blown Ulster and the incoming and outgoing 
materials to be handled more speedily. 

Mowing time in rest practice is about 20 niimit.es,  but liiere is no technical 
reason why this should not be greatly reduced, perhaps halved.    Thci'e is little 
scope for further substantial reductions in charging i  sampling and pouring times, 
so further reductions in cycle time must he achieved by reducing blow ¡in; time. 
Shortening tlie blowing time in this way places stringent limits on the control of 
the process.     To cope with this, on-line control by computer has been introduced 
(cf Chapter 24 Article 24. 2) but ibis in turn has made it necessary to standardise 
the process as much as possible.     Thus for hull; steel production the furnace will 
be programmed to produce a basic steel toa single specificai ion continuously. 
The spécification is then adjusted to suit individual casts by further treatment in 
the ladle.    The key to success in reduction of blowing time lies in controlling the 
formation of and reactions in the slag metal emulsion.     A problem with very 
short blowing times is the generation of a foaming slag.     Infective monitoring 
devices for linking to the on-line control system to sense when this is happening 
are currently underdevelopment in several countries. 

Cycle times vary from one plant to another, piincipally due to furnace size, 
amount of scrap charged and iron analysis, although plant characteristics such 
as the size of the oxygen plant also affect them.    Current good BOP practice in 
Japan averages cycle; times of about .IS minutes for furnaces over 100 tonnes 
capacity, with some furnaces operating a 30 minute cycle.     Cycle times for 
furnaces of this capacity arc foreeasi to drop to around 25 minutes with the full 
development of on-line control and improved materials handling.    World average 
figures for good practice are likely to lie around 30 minutes by 1980*. 

The use of se rao in the HOF 

The amount of scrap melted in gérerai HOF practice varies over quite a 
wide range, as is evident freni Table 12.3. 

TAULF 12.3 - SCRAP PERCENTAGE OF 130F 
STTÎKLMAKING CHARGES IN VARIOUS COUNTRIES (1969) 

Country 
Average percentage scrap in 

charge (remainder is hot metal) 

USA 
Japan 
W. Germany 
UK 
France 
Italy 
Netherlands 

29.3 
19.7 
17.1 
25.6 
27.0 
21.7 
22.9 

To some extent these figures reflect t': e a vaila' ili' ; of scrap in the countries 
concerned, that is to say, ti'.e rea so. s arc economic rati,er than technical. 

See Appendix 1 
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Among the objective« of technological trends in casting and rolling, and in 

the manufacturing industries, is flic improvement in yields with consequent 
reductions in recirculating scrap.     The change from ingot to continuous casting 
is perhaps the most important factor a fie cling yield.   It is estimated that by 
1980, steelworks yields in leading steelmaking countrwv.; will have improved by 
8 to 10 percent, compared wilh today.     At the same time, the trends towards 
larger BOF furnaces and shorter cycle times combine to improve the thermal 
efficiency of the process so thai more scrap will be required for cooling.   Hie 
net effect of these trends is lhat the HOP steelmaker will be forced to buy in scrap 
to supplement recirculating scrap supplies;   this will reduce the proportion of 
scrap for cold niel al steelmaking processes (cf Chapter 13).    The price of 
scrap is discussed in Chapter )4 Article 14.2. 

A problem associated wilh bOF furnaces which is receiving increasing 
attention is the pollution caused by the discharge of large quantities of 'brown 
fume'.    The measures which lia ve been developed to combat this nuisance are 
described in Chapter 23,  Article 23.3. 

Other basic oxygen processes^ 

Several basic oxygen processes, other than the HOP itself, have been 
developed.    They were designed primarily to increase the range of hot metals 
which the top blown converter could handle, particularly those with a high 
phosphorus content.     Three processes reached commercial application - 
LD/AC, Kaldoand Rotor. 

LD/AC process 

This process was developed in France, and most of the plants using it are 
located there.     'Hie essential difference between the i .D/AC and BOF processes 
is that powdered lime is injected as well as oxygen in the LD/AC furnace. 
Better understanding of the sequence of reactions in the converter, coupled 
with a general trend in ironmaking policy to lower the phosphorus level in the 
hot metal by ore blending, has enabled si eel makers to revert to the BOF 
process.   LD/AC furnaces would te converted for OBM operation (Article 
12.3) by installing removable bottoms. 

Kaldo 

The Kaldo process (developed by Stora Kopparbergs Bergslags AB) makes use 
of a rotating converter as a heat exchanger.    Developed originally for 
converting high phosphorus irons into a wide range of steels, the rotation of 
the furnace and the facility for slag adjustment provided a high degree of 
flexibility and control.    It also proved possible to melt more scrap - up to 
40 percent of the charge - in the Kaldo than in the BOF.     However, the 
higher cost of a rotating furnace together with the higher operating costs, 
due chiefly to high refractory wear, has made the process uneconomic 
compared with BOF" steelmaking. 
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Rotor 

The Rotor process (developed by Hüttenwerk Oberhausen AG) is similar 
in principiti to (lie Kaldo but the configuration of tho convener is different. 
The process has similar costs to ilio Kaldo. 

The method of producing a range of steels by using the ROF to make a 'standard' 
steel which is then further processed to the- desired specification in the ladle is 
currently gaining iavour (cf.  Article 12.5).    This,  coupled with the trend toward 
lower phosphorus irons mentioned above, makes these processes of little 
significance in the overall pattern of future hot metal sleelmaking. 

12.3 IiottJomjd)lo\v)iJc£m^rtc.'r_ processe^ 

Bessemer and_Thomas processes_ 

Bessemer stcelmaking today, as the basic Bessemer or Thomas process, 
is important only in France,  Belgium, West Germany and Luxembourg for 
processing high phosphorus irons into cheap common steel.     The continued uae 
of this process in France and neighbouring countries is economically justified 
because the steel is used in an application where its nitrogen content is not a 
problem, namely ordinary structural steelwork.     Nevertheless, no Bessemer 
plants have been built in those countries since 1955, and in consequence furnace 
sizes are relatively small compared with modern trends for bulk steel production. 

OBM, Q - BOP ni\d_Uys_p_r_qcer:s_e_s_ 

The development of a tuyere for oxygen injection through the base of the 
converter lias now been successfully demonstrated.    This has been achieved by 
shrouding the oxygon gas stream in a liquid or gaseous envelope to isolate it and 
the reaction with the steel Irom die refractories of the converter bottom.   Possible 
isolating fluids quoted are water, carbon dioxide, propane and fuel oil.    Fuel 

oil appears to be favoured. 

Advantages over the ROF claimed for the processes include: 

Shorter cycle times (15 percent gain) 
Higher scrap usage (up to 36 percent of the metallic charge) 
Lower FeO losses in slag and fume 
Less bath turbulence,  permitting a 25 percent increase in the 
charge for a given furnace size. 
Absence of lance gear and the associated high structure over 
the furnaces, making it practicable to install such furnaces in 
existing Bessemer or open hearth shops. 

Steelmakers at present associated with the processes are operators either 
of Tilomas converters or, in the case of US Steel, of large modern open-hearth 
installations.     Both processes are threatened by the BO F either on quality or 
economic grounds, which in part explains these companies' interest. 
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For all practical purposes OBM and O-BOP arc identical;   the process was 
developed by Maxtmilianshlitie for use with high-phosphorus metal originally, 
and was subsequently (April J 971) adapted, by changing the blowing to use low- 
phosphorus hot melai. 

In July 1971, US Steel Corporation became interested and a joint development 
programme was set up with   Maximilianshuïle to run a series of experiments at 
US Steel's South Works, Chicago, 111.   The trials were designed to develop the 
OHM process further for use in furnaces of 150 to 300 tonnes, and were very 
successful.    The US Steel version of the process is known as Q-BOP. 

CRM (Centre de Recherche Métallurgique, Belgium) has also carried out trials 
with the 013M process, and lia;; reported blowing several hundred heals with one 
single tuyere in the furnace.      Premature disintegration of the tuyere has to 
be prevented by blowing a protective shield with the blast oxygen;   both liquid 
and gaseous protective shields have been used, but CRM appears to favour 
fuel oil rallier than propane or natural gas.     The use oí a single tuyere greatly 
simplifies the injection of powdered lime into the conveier.     The CRM group 
have also reported on the nitrogen content of OBM steel;  using propane as liquid 
fuel the nitrogen content at blast shut down was 0.002 percent and 0.0025 percent 
at tap.   Using natural gas from Groningen (Netherlands) containing 14 percent 
nitrogen the nitrogen content of the steel rose to 0.0035 percent and 0.004 percent. 
The blowing time in the CRM trials has been 12 to 14 minutes.   According to 
CRM. conversion of top blown converters to bottom blowing permits increases of 
up to 40 percent in the charge; weight, primarily because of the excellent slag 
formation control associated with the process. 

Following the successful trials at South Works, US Steel announced in December 
1971, that the open hearth shop at Fairfield,  Alabama was to be converted to 
a Q-BOP shop with two ISO tonne furnaces;   early in 1972 the conversion of the 
No. 2 BOF' shop (which was then still under construction) at Gary, Indiana  to 
Q-BOP was announced.   The Gary plant is due to come into operation at the end 
of 1972 and that at Fairfield towards the end of 1973.     The pilot plant at South 
Works Chicago has now been shut down. 

Undoubtedly, one of the aspects which has influenced the management of US 
Steel in pioneering this scale-up of the Q-BOP is capital cost, since ii is 
reported * that there is a substantial saving in area when the process is compared 
with BOF. 

There is a substantial difference between European and US raw materials and 
practices, as well as in heat size in major steelworks.    The ÜBM process already 
produces some 3. 5 million annual ingot tonnes in FJurope, and the development of the 
Q-BOP installations in the USA will be watched with interest.     A list of OBM / 
Q-BOP installations is given in Table 12.4. 

"Industrial Heating" 39, 900,   (May 1972) 
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Country and company 

TAULE 12.4 WORLD-WIDE LIST Ol' OHM/O" BOP INiT AI.I.ATIONS 

Stan-up      Conveners Crude steel 
Plant location 

date       No.     Heat size      capacity 

tonnes tonnes 

155 

Remarks 

Germany 
Elsenwerk-Gesselshaft 

Maximiuansliutic G nihil 
Sulzbach-Rossenherg     19G7      6 

Rochl ine'sehe Eiscnund   ,, ,.,. 
^        , VolkUnR 

Stahlwerk GnihH 

Metalltiuuenwcrk 

Luheck GmbH 

France 
Société des Aclenes et 
Trefileries de Neuves      Chatülon 

Maison 

Union Sidérurgique du 
Nord et de L'est de la     Valenciennes 

France (US1NOR) 

Belgium 
Cockerin-Ougres- 

Providence 

Longwy 

Marchienncs 

Forges de Thy- 
Marcinelle et Monceau    Monceau 

Luxembourg 
Miniere & Métallurgique 
de Rodange 

South Africa 
South African Iron & 

Steel Industrial 
Corp. Ltd. 

Rodange 

Pretoria 

United States 
U.S. Steel Corporation    Gary, Indiana 

U.S. Steel Corporation    Fairfield (Fairfield 
Works) 

Canada 
Sidney Steel Corporation   Sidney 

1969     2 ingen 

Lubeck/H erren wyk        1970     1 

32 1,000,000      First commercial user 

40 500,000      Thomas to Q-BOP 

S 36,000       Experimental and 
production unit 

1973 2    180 

1974 2    180 

1973 2    110 

All commissioned in 

1970. Lf rgest vessels 
presently operating. 

19G9 4 32 540,000 

1970 3 72 810,000 

1970 2 40 360,000 

1971 2 32 400,000 

1971 4 32 600,000 

1971 2 32 270,000       Thorn« to Q-BOP 

1971    1 46 (270,000)       This plant operates 
three 25 ton Thomas 
Converters.  One is 
now converted to 
Q-BOP 

3,200,000   ) Largest units in the 
) world.   First pbnned 

3,200,000   ) to use low- plm:phoru $ 
) pig iron commercially 

1,150,000 Replacing existing open 
herrtli.   Third vessel 
to be rdded after new 
blast furnrce is built. 
First Q-BOP planned 

for greenfield site. 

Total existing and scheduled e?p?city 12,336,000 tonnes 
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Tlie LWS process, developed in France, has recently been licensed to Kopperà 
Co., of Pittsburg for exploitation in the USA and Canada, and on a non-exclusive 
basis in Lai in Amedea.    Only two furnaces are operatili!; in Europe - a 30-tonne 
converter al the Romba o plant of Wendel, and a lid-tonne unit at Longiiry for llauts- 
Foumcauxdc la Chiers.    A third installation is under construction in the Saar. 

The Status of the companies involved in these bottom-1)1 own processes implies 
validity of the claims made for OBM and Q-BOP;   it is still too early to judge whether 
they will lake the lend from HO E for Alture ou Ik steelmaking but the available 
data suggests that developments in these processes will have a marked influence 
on process selection over the next decade or so.   It must be regarded as significant 
that US Steel lias chosen to convert a proposed second BO F shop to Q-BOP at Gary, 
Indiana, before the BOF' furnaces lias been installed.    In other words this must be 
seen as a deliberate choice 1 Kit ween IX) F and Q-BOP, and not a conversion of an 
open hearth shop as at Fairfield,  Alabama. 

12.4  Open -hearth steelmaking 

The open-hearth is technically a most flexible steelmaking process, being 
capable of handling hot or cold charges with almost any mix of hot metal, pig 
iron and scrap, and of producing n very wide range of steels. The reason for steady 
decline of opm-hearth capacity throughout the work! lies in the high comprehensive 
conversion costs of open-bearrh sicelmaking compared with those of llit: BOP' (Fig. 12.2) 
From the curves in the figures, it is evident that in an expanding indaütry 
existing open-hearlh capacity is of value in delaying the date when new BOF 
capacity has to te built.   On the other hand, where adequate capacity exists 
to satisfy the market demand,    the open-hearth plants are at a considerable 
economic disadvantage compared with the BOF plants.    This is undoubtedly one 
of the factors governing the US Steel Corporation's interest in Q -BOP.   Another 
example of reaction to these economic pressures occurred in the UK recently, 
where an open-hearth shop only ten years old was scrapped to make way for a 
240 tonne BOP shop. 

The notable exception to the rapid decline of open-hearth capacity 
is the USSR, where capacity only fell from 84 percent of crude steel manufacture 
in 1965 to 73 percent in 1970.   The rate of change is beginning to speed up now, 
but it is difficult to see how, on strict economic grounds, its operation has 
continued in the USSR on such a large scale.   Factors dial may have contributed 
to the situation are the development of large furnaces (up to 900 tonnes capacity), 
the widespread availability and use of natural gas for heating the furnaces, and 
oxygen lancing. 

Modifications to improve open-hearth performance 

Recent attempts to improve open-hearth performance have been chiefly in 
the area of productivity.   The two most important developments have been the 
use of oxygen to speed refining and the concept of twin -hearth production - 
called tlie Tandem furnace. 

!> 
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FIGURE  12.2   - COMPARATIVE BOF AND OPEN -HEARTH 
STEELMAKING COMPREHENSIVE CONVERSION COSTS 
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Once the technique oí using tonnage oxygen for refining had been achieved 
in the I30F process, it was logical to extend the principle to the open-hearth 
furnace in order lo accelerate the process.   However, oxygen lancing or 
injection can only be applied to a limited extent without extensive modification 
to the furnace flues and checkers due to the increased rate of generation of 
reaction gases. 

Oxygen lancing has become common practice, and in the USSR over 60 per- 
cent of furnaces used oxygen lancing in 1 970.   It is claimed that use of natural 
gas and oxygen on furnaces in the USSR has allowed productivity to be increased 
15-25 permit, and fuel costs to be decreased by 15-20 percent.   An example of 
a furnace installation that was modified to take further advantage of ox viren 
lancing was the Ajax development at Scunthorpe in the UK. 

The development of the submersible tuyere for oxygen injection in Bessemer 
type conveners is now being applied to the open-hearth furnace.   Referred to 
as SIP (the submerged injection process), the technique has been pioneered by 
the Sydney Steel Corporation of Canada.   Initially tuyeres were mounted in the 
bottom of the furnace, but it was subsequently established that horizontal 
blowing below the slag line from the sides was equally effective.   This makes it 
applicable to fixed as well as tilting furnaces.   Improvements in performance 
similar in character to those claimed for the OHM process are reported. 

Tandemjurnace 

The Tandem furnace represents a very basic change in open-hearth steel- 
making.   The idea was developed to convert existing cold or mixed charge 
open-hearth furnaces to a 'aster process able to utilise the refining gases by 
burning them in a separate bath, where a second charge was undergoing 
preheating and melting.   'Hie furnace has two independent baths each with its 
own charging and tapping holes,   nie baths arc interconnected at the top, so 
that gases have free access.   Each half operates on a separate charge.   Cycle 
time is greatly reduced.   In the USSR, two tandem furnace installations, each 
of 250 tonnes total capacity, are in operation.   Cycle time is about 6 hours per 
bath, which means that OIK; bath is tapped every 3 hours. Total costs are claimed to be 
about $1.15 less than for conventional open-hearth practice.   It is claimed that 
the tandem furnace insialk-d in South Africa has an even faster cycle time, with 
operating costs (not including capital charges) reduced by around 30 percent 
the bulk of which is from savings in fuel and oxygen.   Tandem furnaces of up to 
400 tonnes total capacity a re in operation in Czechoslovakia. 

12.5   Addition of allovin:: elements 

Alloying elements are added to the steel to confer particular properties, 
usually by adding them to the ladle, through a chute, during tapping of the 
steelmaking furnace.   (For a discussion of the manufacture of special steels 
see Chapter 21). 
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Tlic practice of making additions in the ladle lends itself particularly well to a fully 
automated steelmaking sequence (cf. Chapter 24).    \ Viandard' specification of 
steel is made in the steelmaking furnace, and analysed by vacuum spectrometer 
just prior to tappin:-,.    Ladle additions can then be made on the basis of the analysis 
of the steel in the furnace and the final specification desired;   the operation can be 
computer-controlled, the input data being the analysis of the steel in the furnace. 

Ladle additions enable the steelmnking plant to he operated on a slanciarci cycle to 
produce a consistent output from the furnace, and this also simplifies computer 
control;  no limitations are placed, however, on the flexibility with which a range of 
common steel specificai ions can Ix: produced. 

12.6   Continuous steel making_ 

Continuous steclmaking has at once its advantages and disadvantages.   On 
the one hand it is easier from a control point of view to maintain a constant 
performance of the plant, but on the other hand it makes the process less 
flexible in terms of changing the characteristics of the product.   Continuous 
processes will therefore have their main application in common steels for such 
products as reinforcing bar. 

In twenty to thirty years time we expect the role of continuous steclmaking 
to 1)0 established in world steclmaking practice.    By the end of the decade a 
small number of pkmts may be in commercial operation.   However, the most 
promising processes so far developed do not appear to offer significant 
advantages over 1X)F steelmaking, and cannot therefore be expected to have 
much impact on steelmaking practice as a whole.   The capila! costs of the 
processes may be less than those' of the BOF, but the operating costs can hardly 
be any different, although there may be some saving of flux and 'lost' steel in a 
WORCRA type process.   The likely benefits will come from their continuous 
nature, permitting the creation of a process chain consisting of a continuously 
tapped blast furnace, the steelmaking plant and a continuous casting machine. 
The handling of the blast furnace iron and of the outflowing steel in a truly 
continuous manner are the keys to the success of these processes.   We consider 
it unlikely that the problems involved will be solved within ten years. 

By 1980, the BOF process, probably supported by the new bottom-blown 
processes, will be used to produce 70 to 75 percent of the world's steel.   Against 
such a background, decisions to install a newly developed continuous process 
will only be made on the basis of an intimate knowledge of the progress of its 
development, and of the potential advantages over alternative processes that it 
holds for the future. 

Three continuous steelmaking processes have aroused serious interest. 
These are the IRSID process (developed in France), the WORCRA process 
(developed in Australia), and the spray refining process (developed by BISRA 
in the UK).   Of these, the IRSID process is perhaps the most promising at 
present. 
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Refining lakes place in a vellicai chamber blown with an oxygen lance 
equipped with a lime is owe r.   Metai is continuously introduced at the bottom. 
The slag-metal emulsion foams up the reactor chamber and flows through an 
opening in the side fron- which it runs into a decanting chamber, where slag 
and metal separate and are lapped off.   This process has l>een operating on a 
pilot plant scale in France for several years, and there is now a small plant 
in operation at a steelworks for commercial evaluation. 

TheJVORCRA process 

This process involves counter flowing metal and slag.   The slag is 
generated by lime addition at the metal outflow end.   The central bowl-shaped 
section of the plant contains electrodes projecting from the roof to provide heat. 
The steel flows out of the bowl and into an elongated section where it is jetted 
W'th oxygen to refine it.   At the end of the section it passes out of the process. 
The slag flowing in the opposite direction passes back through the bowl and into 
a quiescent section of the opposite side of the bowl, where the remaining metal 
droplets separate from the slag.   A 5 tonnes per hour plant has been operating 
in Australia. 

The spray refining process 

In the spray refining process, the molten iron is poured through a ring, the 
periphery of which is provided with oxygen and flux jets.   The iron is atomised 
and refined as it falls to the bath.   The reaction thus takes place in a short 
time, and in consequence is very difficult to control.   A pilot plant was built 
at Milioni  in the UK, but has now been closed down. 

12.7   Future of hot metal stcelmakintr 

I 

Hot metal steelmaking is currently divided between two main processes with 
only a very small percentage of liquid iron being refined by other methods. 
Figure 12.3 shows the percentage distribution of crude steel by process on a 
world-wide basis.   The open-hearth can be seen to be of declining importance 
with its share of steelmaking being taken up by the BOF.   Bessemer sleelmaking 
has already declined to a low level.   When the basic Bessemer or Thomas 
plants in Western Europe are finally replaced by or converted to basic oxygen plants, 
(BOF, Q-BOP, OBM or LWS) then the Bessemer processes will be virtually extinct. 

It is clear that by the end of the decade, the BOF will be the principal hot 
metal process.   The development of the submersible tuyere for oxygen injection 
may extend the useful life of some open-hearth shops, but nevertheless by 1980 
only a small percentage of steel will be made by this process.   The extent to 
which the new bottom-blown converter processes will vie with the BOF for a 
share of the hot metal steelmaking will probably depend crucially on the degree 
of commercial success that the US Steel Corporation have with their developments. 
Certainly for new installations BOF plants are likely to be the choice for decisions 
made during the next three to four years, while bottom-blown process economics 
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are being fully evaluated.   Continuous steelmaking processes are unlikely to be 
developed sufficiently to be considered in process selections for at least a decade. 
Also during the next decade the application of computer control to hot metal 
steelmaking will be extended and refined (cf. Chapter 24). 

•É 
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CHAPTER 13  - COLD METAL STEELMAKING 

13.1 Trends in process selection 

Most cold charge steehnaking is undertaken in electric arc furnaces with 
only a small proportion now processed in the open-hearth furnace.   Initially 
developed for special steel manufacture, electric arc stcelniaking has been so 
much affected by technological improvements that costs have dropped to the 
point where the process is cheapest for cold charge production, even of bulk 
common steel.   This chapter deals only with bulk steel production;   special 
steel production is discussed in Chapter 21. 

Technological development of the electric arc process continues with the 
incentive now of competing with the BOF as the prime steclmaking process - 
which is discussed in Chapter 14.   Trends in development are thus mainly 
directed toward increased unit output and reduced electricity consumption. 
As with burden preparation for the blast furnace, so scrap preparation has 
become a more precise process, with the consequent demands on technology. 

It is, however, conceivable that a new process will be developed over the 
next decade which will replace or supplement both the open hearth and electric 
arc furnaces operating on cold charges.   Such a process is likely to be based 
on new methods of melting and may involve applications of nuclear energy, or 
developments based on the principle applied in OBM, Q-BOP and SIP (Chapter 12, 
Articles 12.3 and 12.4) in which the submerged burner both melts and refines. 

Costs of scrap based sleeljijaking (see also Chapter 14, Article 14.2) 

The comprehensive conversion costs (including capital charges) of electric 
arc steelmakingarc still higher than the operating (or conversion) costs alone 
of the open hearth on cold practice, so that many existing open-hearth furnaces 
are still able to remain in economic operation.   Many have been changed from 
hot metal practice where competition from the BOI- process has rendered them 
uneconomic,   liven so, the number of open-hearth furnaces is steadily 
decreasing, due partly to increasing costs of maintenance and rebuilding, partly 
to improved performance of the electric arc furnaces. 

Hie comprehensive conversion cos's of modern high power electric arc 
steelmaking are illustrated in Figure 13.1.   The economies of scale can be seen 
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to be fully realised at capacities around 2 million tonnes per year.   The marked 
difference in comprehensive conversion costs between scrap-based electric arc 
8teelmaking and scrap-based open-hearth steelmaking is shown in Figure 13.2. 
The costs are based on installing new plant in both cases leading to a difference 
in cost of over $4 per tonne. 

The capital charges for the open-hearth furnace lie in the range $4 to $6 per 
tonne of steel produced, so that in a comparison between an existing open-hearth 
furnace and a proposed new electric arc furnace, the open-hearth costs may fall 
below those of the electric arc furnace, particularly at the higher capacities. 
Thus, in rases where an efficient open-hearth plant still has useful life, there 
is usually a case for its retention Jora further period. 

Fuel - oxygen stjeej making^ 

The lower energy cost of fuel oil compared with electricity has led to 
attempts to melt cold charges with a fuel-oxygen burner having a high intensity 
heat input.   Trials have taken place in the USA and the UK. 

The process referred to as FOS (fuel-oxygen scrap), makes use of a 
furnace chamber similar in shape to the electric arc furnace with the burner 
projecting through the roof.   The capital costs of the plant are much lower than 
those of the arc furnace, because of the absence of heavy electrical gear. 
Also, the use of fuel oil instead of electricity gives a lower operating cost.   On 
the basis of these favourable costs and promising pilot plant experiments, a 
100 tonne furnace in the UK was converted to FOS steelmaking and the process 
tested on a large scale.   It soon became apparent that, due to the highly 
oxidising conditions, the process had a lower yield thon either the arc furnace 
or open hearth.   This was coupled with a very high rate of refractory wear 
giving high refractory costs and resulting in a short campaign life.   Further 
work on the process was abandoned in the UK, and it now appears to be 
discarded as a steelmaking method. 

The development of submersible oxygen injectors for the OBM process may 
well lead to a reappraisal of the FOS process using submersible burners. 

13.2 Developments in electric arc furnaces 

Furnace_ size 

The average capacity of electric arc furnaces is between 50 and 60 tonnes. 
In the USA some very large furnaces have been constructed, and capacities of 
150 - 200 tonnes are not unusual.   The largest furnace constructed to date is of 
400 tonnes capacity at Sterling, Illinois.   Outside the USA furnaces have not- 
approached such size.   There are, in fact, only a few furnaces of over 150 
tonnes capacity, including installations in Japan, the USSR, Italy, South Africa 
and Belgium.   Both Japan and Belgium have furnaces capable of producing over 
200 tonnes. 
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Furnace transformer ratings 

A very important development in the technology of electric furnaces is 
their greatly increased power ratings.   During the early 1950's it was unusual 
for furnaces to exceed 30 MVA.   By 1970 there were a number of furnaces of 
over 65 MVA, and in the USA there is a furnace of 140 MVA.   The advent of 
ultra high power furnaces has resulted in some medium and large installations 
having power ratings of 250 - 400 kVA per tonne and with die smallest sizes 
ratings rise up to 500 kVA per tonne at present.   One works in Japan is now 
considering modifying an existing 10 tonne furnace to operato with a transformer 
rating of 7.5 MVA, or 750 kVA per tonne.   In the USSR furnaces with trans- 
formers of 500 - 600 kVA per tonne are planned. 

The inverse relationship between furnace size and maximum power rating 
is due to the conventional three electrode configuration which places 
limitations on electrode diameter.   Without developing 6-electrode furnaces it 
is unlikely that the large furnaces will achieve the power input rates per tonne 
currently possible with small ultra high power (UHP) furnaces. 

The very high power ratings at present in service allow tap-to-tap times 
of 2j hours to be achieved when making common steels from scrap with single 
slag practice and oxygen lancing. 

An important aspect of the move towards ultra high power (UHP) furnaces is 
the ease with which existing electric furnace shops can be modified to operate at 
higher powers.   A good example of tiri s is die Templeborough arc furnace shop 
in the UK where the six furnaces, originally of 135 tonne capacity and now at 
180 tonnes, were first rated at 40 MVA then uprated to 55 MVA, and now two 
80 MVA transformers are to be installed. 

A Japanese UHP installation recently reported* has a capacity of 70 tonnes 
with a transformer rating of 45/54 MVA. 

Electric arc furnaces impose heavy loads on the power system, especially 
during the melt-down phase.   The 'spikey' current wave form during melting 
results in voltage fluctuations on the supply grid.   These fluctuations are liable 
to cause serious inconvenience to other users unless the grid network has 
adequate capacity or 'stiffness*.    The trend toward higher power ratings of 
individual furnaces especially existing ones may be; halted by such limitations 
of the supply.   Voltage smoothing equipment has been developed, but this is 
costly and so reduces the economic gain of raising die furnace power rating. 

Power substitution 

In these and other circumstances of power limitation, substitution of electricity 
by other sources for part of the heat input may be an economic solution.   A furnace 
design applying this technique (the SKI7/MR process**) has been recently reported 
from Sweden.   The purpose is to optimise electricty utilisation, particularly 
since die works are in an area of Sweden where maximum electricity demand is 
severely limited. 

* "Experiences of UHP arc furnace operations", E.C.E. Seminaron 
Direct Reduction of Iron Ore, Buch.-irest, September 1972. 

** M. Tibergand Y. Sundbcrg, I. A.M. I., April 1972. 
Iron and Sieel, April 1972. 
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Two furnace shells are mounted side by side so that a single roof fitted with 
electrodes can be fitted to either of them.   A second roof fitted with gas burners 
can be alternatively fitted to either furnace.  By using two shells but only one electrode 
roof it is possible to continue drawing maximum permissible power for longer than 
with conventional arc furnace practice.   During melting the electrode roof is used, 
and then during phosphorus refining and carbon content adjustment a second roof is 
used and the metal temperature is maintained by three gas burners.   Final refining 
takes place in a ladle equipped with inductive stirring.   The operational sequence of 
the SKF double furnace is shown in Figure 13.3. 

The technique allows the furnace to draw power for around 5000 hours per 
year, as opposed to 3000 hours for conventional UHParc furnaces.   The double 
furnace of 60 tonnes total capacity, with a cycle time of 2 - 2¿ hours, produces 
steel at up to 30 tonnes per hour.   An interesting feature of the furnace is that one 
shell can be used as a conventional arc furnace, while the other is being changed or 
repaired.   The use of gas burners and the very short cycle time allows electricity 
consumption to be reduced to only 330kWh per tonne.   Liquified petroleum gas 
consumption is 22 kg per tonne, which, taking into account the lower efficiency of 
heating, is roughly equal to an electricity input of 240 kWh per tonne.   The cost of the 
twin shell furnace and associated equipment is lower than that of a conventional 
electric arc furnace of equivalent capacity, due to reduced cost of shells, lighter 
handling equipment and greatly reduced electrical installation costs.   The capital 
cost claimed for a 70 tonne unit is about $3. 8 million including ancillary equipment. 
We estimate that the final capital cost of the melting shop would probably be 10 - 15 
percent less than a conventional installation.  The development merits consideration 
in situations where arc furnace operation adversely affects the local electricity 
network, or where prices for liquified natural or petroleum gas are less than $120 
per tonne (28 cents per therm), when compared with electricity tariffs of 1.1 cents 
per unit. 

Electrodes 

A recent development in prolonging ths life of graphite electrodes is the newly 
patented Bulgarian process of graphite electrode surface treatment which cuts down 
the electrode consumption per ton of steel to half the current figures;  the British 
Steel Corporation in the UK has obtained these Bulgarian patent rights for commercial 
operations in the UK.   Hungary is also working along these lines. 

The following are extracts from a booklet published by 'TECHNOIMPEX", State 
Commercial Enterprise, Sofia, Bulgaria : 

"A new modern installation for laying protective coating was 
commissioned in Bulgaria in 1970 which lias an annual output of 2000 
tons of protected electrodes.   Protected electrodes are now beginning 
to be applied in other plants as well. 

The coating is prepared by laying aluminium and the additional 
substances on the electrode surface by familiar methods, followed by 
electric-arc treatment.   The electric-arc bums continuously between 
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the surface of the electrode and a small lateral electrode, while the 
surface is moving at an appropriate speed to the arc.   The relative 
movement of the surface in relation to the arc proceeds along a thread- 
like line and this provides for the consecutive turning of the entire 
protected surface.   The heating of the coating materials in the electric 
arc does not last very long, and this makes it possible for the process 
to be carried out in open-type installations and in normal atmosphere." 

Preheating of the charge prior to meltdown In electric steclmaking can 
reduce electric power consumption and increase productivity.   There are three 
ways in which preheating can be achieved :   (a) duplex practice with linked 
furnaces,   (b) in furnace heating,   (c) the use of a separate scrap preheating 
unit.   Duplex-furnace systems were shown in the 1950's to be uneconomic. 
In-vessel preheating or assisted melting can be achieved by Inserting burners 
below the scrap level, but the only advantage which can be claimed for this 
method is an increase In productivity, no savings in fuel costs being apparent 
in most of the trials.  Productivity improvements for five different furnace 
installations are given in Table 13.1. The high cost of the process is due in 
part to the cost of providing oxygen for the burners on the relatively small 
scale required. 

TABLE 13.1 - PRODUCTIVITY IMPROVEMENTS 
DUE TO IN-FURNACE PREHEATING 

Size of 
furnace 
tonnes 

Number 
of 

furnaces 

Percentage savings Fuel cost 
saving 

per tonne 

Test 
period melt power 

kW % 
melt time 

% 

130 2 5.1 12 0 1967 

30 2 15.4 18.5 0 1968 

30 1 0 15 15c 1968 

25 1 10.9 22 0 1966/67 

IS 1 8.3 8.3 62 cents 
including 
time saving 

1969 

During the 1960's interest was shown in separate scrap preheating and over 
30 such plants were Installed during that period.   Preheating outside the steel- 
making furnace allows more time to be spent on heating and higher mean 
temperatures can be achieved.   Preheating can be carried out in a special 
refractory lined unit or by using a charging basket with air cooled walls and a 
refractory lined removable roof which contains the burner.   While existing 
charging baskets can be used, it is probably advisable to use alloy steel buckets. 
Commonly, separate vessel preheating is practised up to 550 C, but there are 
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reports of temperatures up to 800°C being used.   These high temperatures 
produce a compacted charge, so that the number of charging operations can be 
reduced. 

A detailed economic evaluation of the effects of preheating in a separate 
refractory lined chamber was undertaken by an Austrian works in 1969, and the 
results are given in Table 13. 2. The results relate to a long period of operation, 
and may be considered representative of the benefits which can be expected in 
typical practice. 

If it is required to increase the output of the arc furnace only to meet 
temporary increases in market demands, then in-furnace preheating represents 
a cheap method of achieving this aim.   If it is required permanently to increase 
the output by up to 20 percent, then separate scrap preheating is the best 
solution.   Preheating can only be justified if the spare capacity can be utilised. 
The development of refractory lined preheating units makes it practical to carry 
out the preheating adjacent to the scrap preparation facilities and away from the 
arc furnace, thus offering flexibility in works planning or modification. 

13.3 Steclmaking from sponge iron 

Sponge iron or directly reduced solid product requires a cold charge steel- 
making process for its conversion to steel.   The electric arc process is by far 
the most suitable at the present time, and there are no firm indications that 
alternative processes will challenge its position in the foreseeable future. 

The electric arc furnace can be operated on any percentage of reduced pellet 
charge, provided the sponge iron is not less than about 85 percent metallised. 
However, it is unusual to operate with more than an 80: 20 ratio of pellets to 
scrap. 

The principal effects of reduced pellet charging are threefold : 

(i)      Continuous charging becomes possible 

(ii)      The furnace power input can be increased 

(iii)      The electricity consumption increases. 

The uniform and very manageable size of reduced pellets makes it possible 
to feed the charge continuously into the furnace!"  It has been reported, however, 
that if feeding of pellets to the furnace is started before all the scrap has melted, 
some of the scrap still remains unmelted at the completion of sponge iron 
feeding, making subsequent operations difficult.   In particular, the unmelted 
scrap makes it difficult to control the chemistry of the steel and tends to make 
the ladle temperatures rather unpredictable.    During the first part of the melting 
cycle a mound of pellets surrounding the electrode tips produces dispersed arc 
formation and shields the walls of the furnace.    During the final part of the 
melting cycle the pellets submerge forming a flat bath that allows higher power 
inputs than is usual with scrap.   Both these aspects would serve to increase the 
utilisation of the plant and to help offset the increased cost of power required. 

* "Electric Arc Steelmaking with Continuously Charged Reduced 
Pellets", J.Sibakin, P.Hookings, G. Roeder Industrial Heating, 36 (July 1969) 
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Furnace (nominal capacity) 

 ———— 

15 tonnes 
Charge 17 tonnes 
Bucket No. 1 10/12 tonnes 
Bucket No. 2 7/5 tonnes 

Buckets vol. 14 cubic metres 
Preheating Bucket 1 90 minutes 

Bucket 2 45 minutes 
Natural gas 16 cubic metres/tonne _~o 
Scrap temperature 650 - 700 C 
Reduction in meltdown time 25/30 minutes 
Increase in output 15/18% 
Power savings 85 kWh/tonne 

Electrode saving 0.8 kg/tonne 

SAVINGS ACCOUNT: 
(/tonne 

Meltdown power saving 1.16 
(electricity at 1.37 4 AWh) 

Electrode savings 0.44 

subtotal i       1.60 

Savings due to utilising increased 
productivity 1.54 

subtotal      3.14 

Cost of preheating (includes plant 
dépréciât ion, natural gas, 
refractories at 1. 76 kg/tonne, all 
operating costs.) lest 0.59 

Total net saving 2.55 
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In practice, however, extensive damage to the refractories can occur when 
pre-reduced iron is used in the charge, and it has been found necessary, in 
some cases, to operate at lower power inputs with a short arc and a large slag 
volume to shield the refractories from the arc. 

When reduced pellets are charged to a furnace which has not had the 
transformer uprated, then improvements in productivity result only from the 
continuous charging.   For example, using an 80 percent pellet : 20 percent scrap 
charge, the furnace productivity can be increased by around 12 percent.   This 
arises partly due to smoother and faster melting and partly due to decreased 
charging time, because the furnace top does not have to be removed to allow 
buckets of scrap to be charged.   When UHP furnaces are combined with 
continuous pellet charging, it is estimated that the cycle time on large furnaces 
might be reduced to well under 2 hours, although at present there are no 
installations effectively combining these two practices.   Figure 13.4 illustrates 
the potential increase in power rating possible.   The figure also shows the effect 
of pellet charging on electricity consumption.   The curves are based on trials 
carried out ina typical modern electric arc furnace. 

The following figures, based on actual trials*, indicate that the percentage 
of sponge iron in the charge has little effect on furnace productivity: 

Sponge iron 
in charge (%) 

0 
40 
50 
60 
68 

Average tap 
weight (tonnes) 

247 
231 
194" 
232 
240 

Charge to 
tap time (hrs.) 

4.38 
4.70 
4.62 
4.43 
4.71 

Tonnes/ 
hour 

56.4 
48.9 
43.6 
53.6 
51.0 

kWh/tonne 
tapped 

494 
592 
628 
615 
611 

Low productivity is due to lower tap weight. 

In these trials charging of the pellets was continuous, but the electrodes 
were removed for the addition of lime through the furnace top and, in consequence, 
the benefits of continuous charging were not realised. 

The use of reduced pellets produces other benefits in operating costs. 
Firstly, electrode consumption is reduced, by over 25 percent in some cases, 
provided that proper control of the power input is exercised;   secondly, the 
quantity of oxygen required during refining can be reduced, as the following 
figures, based on actual practice, show: 

Pellets in charge (percent) 0       28 

Oxygen consumed (cubic metres    4.9    4.2 
per tonne) 

41 

2.8 

48 

2.0 

When the furnace is operated on reduced pellets rather than pig iron or 
scrap, then the impurity level of the charge is generally much lower;  in 
particular, sulphur and phosphorous are much lower than in pig iron.   This 

* Industrial Heating 39, 481 (March 1972) 
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allows a shorter refining time and can produce a cleaner steel, which has 
advantages for special stcclmaking. ** 

13.4 Scrap preparation and handling 

The introduction in the late 1950's of hydraulically-powered shearing and 
baling machines and specialised fragmenting plant, such as Prolcr, heralded 
a new era in scrap processing.   The availability of this equipment greatly 
increased die scrap processor's capability and also abruptly changed scrap 
processing from labour-intensive toa comparatively capital-intensive industry. 
Despite the major advances, the economies still to be achieved from more 
sophisticated scrap processing are leading to an intensification of the search 
for new methods, to which plantmakers, processers and government bodies 
are all contributing.   Governments are taking an overall and radical look at the 
scrap industry, the best example of which is the $250, 000 grant by the 
US Government to the Battello Institute for a two year study of die US scrap 

industry. 

Scrap is available to the steelmaklng industry in a variety of forms.  These 
may be classified under five main headings - heavy scrap, light scrap, 
fragmented scrap, turnings and castings. 

Heavy scrap is the easiest to prepare, requiring only cutting to a suitable 
size for charging.   This is normally done by hydraulic shear or thermal lance. 
It has been common practice for heavy shears to have a squeeze box to compress 
scrap so that it will pass through the shear throat, but recently it has been 
claimed that shearing costs can be reduced by up to 50 percent by dispensing 
with the squeeze box and using large shears with blades of 4 metres, and a small 
shear for secondary cross cutting. 

Ligh scrap is normally baled and the trend in baler development is towards 
greater capacity with bale weights now going up to 7 tonnes.   There are also 
reports of light plate being baled.  An extreme example of the trend towards 
larger bales is a special press for making 60 tonne bales for electric arc 
furnaces.   Originally installed in Japan, such presses are now being introduced 
into the USA.   The bales are made to conform to the furnace shape and are 
gently lowered in.   The claimed saving of $10 per tonne appears rather high, 
but advantages are gained in most areas of capital and operating costs.  Another 
new baling method involves press forming into a log and shearing the log.   The 
throughput is said to be 20 percent greater than existing methods and may offer 
cost advantages. 

Fragmented scrap covers car hulks and domestic appliances which are 
fragmented by various processes.  The form of this scrap makes it difficult to 
process effectively, because of its awkward physical shape and contamination 
by non-ferrous metals.   The Proler fragmentising plant is well proven, but such 
plants give acceptable operating costs only when there is a large source of scrap. 

** "The use of sponge iron in an electric steelplant", G.Morellland G.Urgnani, 
E.C.E. Seminar on Direct Reduction of Iron Ore, Bucharest, Sept. 1972. 
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There is a need for techniques viable at lower outputs, and for development of 
economic processes that will reduce contamination to an acceptable level.   The 
latter point is of great importance and most current effort is devoted to this. 
The most troublesome contaminant is copper, although freedom from tin, zinc 
and aluminium is also important.   Straightforward fragmentation followed by 
magnetic separation is not always sufficient to reduce car bodies to an 
acceptable residual copper level of 0.2 percent, but the ripper-shredder 
technique in which car bodies are torn into about ten pieces prior to feeding to 
small shredders gives better results.   Work at General Motors has shown that 
the technique is capable of producing consistently, on a commercial basis, 
scrap of 0.12 percent copper.   Incineration, which is a very costly process, 
can be used to remove non metallic contaminants. 

One of Europe's biggest scrap processers has announced a cryogenic 
process in which baled scrap is tunnel-frozen in nitrogen vapour, after which 
it is shattered in a conventional hammer mill, shaken and screened.   Freezing 
Is said to increase hammer mill throughputs by up to 250 percent.   All items 
in the cryogenic plant system are standard items except the cooling tunnel, 
which is still at a pilot plant stage.   The operating costs are said to be high, 
due mainly to the cost of liquid nitrogen. 

Turnings, including swarf and boring«, are regarded by steelmakers as 
the least useful because of oil and non-ferrous metal contamination.   In addition 
to this, it is difficult to handle and its high surface area renders it very 
susceptible to oxidation during heating.   The only effective way to deal with 
turnings is to briquette them.   The throughput of existing machines is low due 
to their reciprocating action, but continuous roll forming processes are under 
development. 

Oil can be removed by drying or centrifuging.   The latter process is up to 
95 percent effective.   A recent novel approach involves naphtha rinsing and 
naphtha recycling.   Detailed design studies suggest a cost of $0.75 per tonne. 

Steel castings are treated like heavy scrap but iron castings are normally 
fragmented by impact. Explosives appear to be the ideal solution for breaking 

rejected ingot moulds.   The cost is in the region of $0.5 per tonne. 

Future developments in scrap_ use_ 

Continuous charging of steelmaking scrap to the electric arc furnace allows 
the melting and refining periods to be overlapped, as with reduced pellet 
charging, and large reductions in cycle time become possible.   Similar benefits 
can be achieved by feeding shredded scrap to the BOF in a semi-continuous 
manner.   Better process control is achieved particularly of steel temperature 
and cycle time. 

Particular grades of scrap may be used in special ways.   For example, 
high grade light scrap can be reconstituted direct to a usable steel product by 
chipping it and dien heating the chips in a reducing atmosphere while the tray 
is vibrated.   In this way a clean oxide-free partially formed slab is produced 
which can be rolled to a finished product.   The process is successfully used by 
General Motors In the USA.   Tests of using turnings in sinter burdens and for 
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ore beneficiation have been made but the economic justification of such practices 
has not as yet been proved. 

The continuing trend toward more uniform feed stock applies to scrap just 
as much as to blast furnace burdens.   More precise classification of scrap is 
being called for by steelmakers, and this will lead to more processing 
particularly of consumer scrap to reduce contamination.   Also the need to 
maximise recovery of non-ferrous metals will result in an increasing 
sophistication of recovery processes.   A number of methods are currently 
under investigation.    These include sink-float methods and the use of linear 
motors, but it will be some years before such processes can achieve commercial 
viability. 
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CHAPTER 14 - PROCESS ROUTES TO STEEL 

14.1  Process selection trends for common steels 

From the preceding chapters in this Section, it is evident that several well 
defined trends are taking place in the selection of processes for converting iron 

ore into common steels. 

The main hot metal process chain is changing from that of the blast furnace 
and open hearth to the blast furnace and BOF processes.    Electric arc steel- 
making is supplanting the open hearth for cold practice.    With the successful 
development of a number of direct reduction processes, about 1 percent (5 
million tonnes per year) of world steel production is now made from iron ore 
by these processes.    It is however noted that the conditions pertaining a the 
locations where these processes are used are particularly favourable to the 
process selected compared with the blast furnace. 

New technological advances will determine the future direction of these trends 
but the advances themselves are to some extent determined by the economic 
advantages inherent in the trends.    The likely direction of future trends is 
^us dependent on the present position of each process relative to the others 

In terms of cost. 

14.2 Costs of different steelmaking routes 

Note on calculation_of_the cost_of_scrap. 

In the comparative steelmaking cost calculations derived in this report, a 
long-term price of scrap has been used.    This price was generated from a 
comparison of the costs of steelmaking by hot metal and cold metal routes 
on Z assumption that the cost of scrap is defined as that value which equates 
the costs of liquid steel from an electric arc at 0.5 million tonne« level of output 
with the costs from a blast rurnace/BOF works at 3.0 to 5.0 mill on tonnes 
capacity.    Details of the calculations are shown in Table 14.1.    INvo sets of 
calculations have been carried out; one using a capital recovery factor of 16.0 
percent and the other using 19. 2 percent, the latter being the value currently 
applicable to average international loan to equity ratios. 
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From an examination oí the results oí calculations shown in Tabic 14. 1 a 
long-term price of $29 per tonne of scrap has been adopted.    This is comparable 
with the average price paid for scrap in Europe and USA during the years 1966 
to 1971, as shown in the Table 14.2. 

TABLE 14.2-SCRAP PRICES (DELIVERED)  FOR SELECTED COUNTRIES 
($ per tonne) 

Country 1966 1967 1968 1969 1970 1971 

W. Germany 31 29 31 31 38 30 

France 26 23 25 23 •• •• 

Holland 30 28 32 29 35 32 

Denmark 26 27 26 26 27 30 

Spain 36 33 32 35 43 53 

Norway 27 34 29 30 44 34 

USA 33 28 31 28 40 40 

my 
•• •• •• •• • • 

Source:  'The Iron & Steel Industry in 1970 and Trends in 1971" - OECD 

Process routes based on_iron ore_ 

A comparison of the costs of direct reduction processes with the costs of the blast 
furnace process has little meaning, since the processes do not produce the same 
products.   Blast furnaces and electric smelters produce liquid iron that can 
be converted to steel in a DO F steelmaking shop.     The remaining processes 
produce a sponge iron which must be refined by electric arc steelmaking.   Cost 
comparisons between all the processes are therefore valid only at the liquid 
steel stage.    Furthermore they can only be attempted using data relevant to 
a specific location, and such comparisons of process costs therefore have 
limited application since slight alterations in basic costs of such items as coking 
coal, non-coking coal, gas and electricity, have a major effect on the overall 
comparison. 

Figure 14.1 illustrates the total costs of producing steel at different levels 
of output for four process routes.    The three routes using direct reduction 
processes are assumed to be located at sites that have a cheap source of 
reductant or energy which benefits that process. Thus the SL/RN process is 
costed on the basis of cheap coal ($10 per tonne), the I-IyL on the basis of cheap 
natural gas (14 cents per giga joule) and the El kern on the basis of cheap 
electricity (0.25 cents per unit).    All other costs and those of the blast furnace 
and steelmaking processes are costed on the basis set down in Appendix 3 for 
International steelworks sites.    Tables 14.3 and 14.4 give examples of the 
build up of costs for the blast furnace/BOF and HyL/elcctric arc routes 
respectively. 

*S5I *ft¡ *•• •jr 
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TABLE 14.3 - HOT METAL STEELMAKING COSTS 

Item $/t 
(liquid steel) 

Hot metal ($58/t) 46 

Scrap ($29/t) 9 

Other materials and 
all conversion costs 5 

Capital charge 2 
62 

Allocation of general works 
services and working capital 3 

TOTAL 65 

^ 
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Table 14.3 shows the total costs of BOF steelmaklng In a 4 million tonnes 
per year works, using hot metal costed on the basis of Table 10.1 In Chapter 10. 

TABLE 14.4 - COLD METAL STEELMAKING COSTS 

Item $/t          1 
(liquid steel) 

Reduced pellets ($50/t) 46 
Scrap ($29/t) 7 
Electricity 8 

Other materials and 
all conversion costs 12 

Capital charge 5 
78 

Allocation of general works 
services and working capital 6 

TOTAL 1     M 

: 

Table 14.4 shows the total costs of electric arc steelmaklng In a 0.5 million 
tonnes per year works, using sponge Iron made in an HyL plant and costed on 
the basis of Table 11.3 in Chapter 11. 

* 
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Figure 14.1 shows that the routes intermediately producing sponge iron are 
still at a considerable economic disadvantage, even with favourable costs of 
reductants.   Although the diseconomies of scale of a small blast furnace/BOF 
works might make the other processes the economic alternatives for a works of, 
say 200,000 tonnes per year, in the examples illustrated there is a potential 
difference of over $20 per tonne available to cover the cost of transporting 
billets from a large blast furnace/BOF works elsewhere to the location where 
such a works based on direct reduction and electric arc steelmaking might be 
built.    With fuels at the rates generally encountered, this difference would be 
even greater. 

Scrag based steelmaking 

The comprehensive conversion costs of producing steel from scrap are around 
$34 per tonne.   However, for common steels this must normally be considered 
as a subsidiary process to the ore-based routes because scrap is a derivative 
of steel production.    It is the cost of steelmaking by the cheapest ore based route that 
determines the value of scrap to the steelmaker, as was discussed at the beginning 
of this article;    Thus in Table 14.5 the cost of scrap taken results in the cost 
of steel made in an electric arc steelworks of 0.5 million tonnes annual capacity being 
equal to the larger capacity blast furnace/BOF works cost set out in Table 14.3. 

TABLE 14. 5 - SCRAP BASED STEELMAKING COSTS 

Item 
$/t 

(liquid steel) 

Scrap ($29/t) 

Electricity 
Other materials and 
all conversion costs 
Capital charge 

Allocation of general works 
service and working capital 

TOTAL 

31 

7 

11 

55 

10 

65 

The limited availability of scrap by virtue of its derivative nature makes 
It essential for steelmakers operating a scrap based practice to limit their 
capacity to a level that maintains a buyers' market In scrap.    Once demand 
exceeds the scrap arising, a sellers' market develops and the cost of scrap to 
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the steelmakers will rise above that determined by the balance of steel costs 
described above. 

14.3   Future trends in process selection 

Blast furn_ace/_BOF_ route 

The keys to future selection of processes lie in the development potential 
of the blast furnace and the inherent simplicity of converter steelmaking.    The 
discovery and development of large reserves of high quality iron ore and the 
bulk shipment of these materials across the world is bringing about a 
standardisation of iron   and steelmaking practice.    In consequence, research 
and development, effort generally need no longer be diverted onto problems 
peculiar to unusual combinations of raw materials. 

Paramount among present problems, however, is the consumption of 
metallurgical coke.    As discussed in Chapter 9,  coke substitutes, particularly 
formed coke, are being successfully developed to meet this situation.    In 
parallel, continued efforts arc being made to modify blast furnace practice to 
reduce the actual coke rate.    Longer term development currently under study 
include the CRM proposal to inject reducing gases into the stack above the 
reaction zone, and a Japanese proposal to use circulating gases from a nuclear 
reactor in the furnace, which were discussed in Chapter 10, Article 10.   Blast 
furnace process thinking is clearly being liberated from the classic concepts of the 
the past and we expect the process to be continually adapted to remain competitive. 

The blast furnace will undoubtedly continue to be the large scale iron 
producer.    Oxygen blown convertor processes, of which BO F and OBM are the 
present principal examples, will be selected for hot metal steelmaking practice. 
The present trend indicated in Figure 12.3 (Chapter 12) will continue, so that by 
1980 over 70 percent of world steel production is likely to be using this route. 

Electric arc_s_teelm_a_king_ 

Although the electric arc furnace is replacing the open hearth for cold 
metal practice, the amount of electric arc steelmaking does not appear to be 
related solely to its function as a scrap melter.     Its function in special steels 
manufacture is perhaps more important.    In Figure 12. 3 electric arc steel- 
making is seen to have remained a constant percentage of world output for the 
past 7 or 8 years.    In Japan, where scrap is now in short supply, electric arc 
production represents a higher percentage than the world average but, as may 
be seen in Figure 14. 2, this is declining slowly towards the world average. 
The long term trend indications are that electric arc steelmaking will continue 
at the present world level. 

Direct reduction^processes 

Seen against this background, the use of direct reduction processes is 
limited.    Clearly, there are technological reasons for using them, as for 
example in New Zealand (high titanic ore) and in South Africa (vanadium 
extraction), but in economic competition with the blast fumace/BOF route, the 
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determining factor is going to lie the cost of delivering the equivalent product 
from the large blast furnace/BOF works located at some vantage point such as 
the mine or a deep water port.    Some plants are being built in conjunction with 
miniworks that have economic advantages over large scale works in certain 
locations (see Chapter 22), 

The production oí sponge iron as a control for scrap prices has been 
suggested but wirii indicated economic price levels for sponge iron itself of 
$50 per tonne under favourable conditions, this does not seem practical. 
Certainly, as a short term venture, in conditions of demand exceeding the scrap 
likely to be coming available, a sponge iron plant might be considered. 
Similarly, the addition of partially reduced pellets to the blast furnace burden 
may be justified asa short term expedient in order to delay expenditure on a 
new furnace.   However, the operator of the direct reduction plant must be 
assured of continuing demands of this type if die plant is to be profitable. 

We believe that direct reduction wilt play an increasing role in the totality 
of world iron and steel production, as was indicated in Chapter 11, but we see 
no immediate likelihood of the sponge iron route to steel becoming the leader, 
since it would require halving of present costs to justify massive investment 
in it. 

tf* 
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CHAPTER 15-CASTING 

15.1 Ingot casting 

The casting of steel into .sixes suitable for further hot working has been 
practised since the middle of the 1 8th century.     The sizes of the ingots 
originally cast were quite small and remained so for abcul: a century because 
the end products were mainly small items such as knives and springs;   and the 
machinery available for forging and rolling the inlets was limited in size. 

Since the advent of bulk steelmaking at the end of the last century, using 
Bessemer converters and Siemens orten hearth furnaces, there has been an 
economic drive to design larger machinery and u,.e larger ingots which has 
resulted in steady progress in this direction up to the present day. 

Many small steelworks in the world still produce small billet sized ingots 
of about 0. Stonneswhich are reheated and fed directly to small mills with little 
or no preparation.    At the ether end of the scale the largest mass-produced 
ingots are for slab rolling and have now reached 40 tonnes.   For the production 
of blooms the ingot size is restricted to less than 20 tonnes by a combination of 
factors.     These include a restriction in cross section area imposed by the 
design of the primary mills, a height limitation of about 2. 5 m due to the need 
to avoid excessive lengths of blooms from an ingot prior to further rolling, 
together with practical teeming limitations.    Specially designed ingots up to 
250 tonnes in weight are individually cast for heavy forging operations and heavy 
slab and plate production. 

There is still some incentive for an increase in average; ingot sizes, but it is 
doubtful whether the maximum ingot sizes will increase much beyond those 
used at present. For this to happen, rolling mills capable of handling larger 
blooms and slabs would be required, and the alternative possibility of the inter- 
mediate products being continuously cast.as continuous casting machines are 
increased in size to meet the demand.must be considered. 

In recent years there have lx;en hig changes in the layouts and operation of 
the ingot casting facility, brought about by the rapid increases in the outputs of 
steelplants.    Early casting facilities were in many instances operated under the 
same roof as the steelmaking process, and thus all operations from teeming to 
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ingot stripping were carried out in close proximity using multi-purpose equip- 
ment.    Developments in materials handling led to the 'ingots cast on bogies' 
technique and in the modem casting facility ingots are cast in moulds travelling 
on tx)gey units which circulate continuously from the casting bay to the combined 
stripping and mould preparation bay, where the used moulds arc replaced by 
cooled, cleaned and coated moulds before the bogey unit is returned to the casting 
station. 

pPií _°JL \?Î8P}- S? sting. 

A build-up of typical operating costs for ingot casting is given In Table 15.1 
below. 

TABLE 15.1 - INGOT CASTING OPERATING COSTS 

$ per tonne of ingot 

Moulds and bottoms 1.1 
Refractories 0.4 
Maintenance materials and spares 0.4 
Fuel and energy 0.4 
Labour 0.4 
Others 0.1 

1                 TOTAL 2.8                    1 

I 

These costs, which exclude capital charges and all overheads, apply to an 
installation producing ordinary quality balanced steels in excess of 1.0 million 
tonnes per year, with ingots in the 10-20 tonne range from heat sizes in excess 
of 100 tonnes. 

While the relative costs of the Items will vary from location to location, 
the cost of moulds will always account for nearly half the total operating cost. 
In addition to the operating costs, capital charges contribute a significant amount 
to the conversion cost of ingot casting and these charges can vary greatly with 
the size of the operation and the location. 

The ingot yield from liquid steel in the ladle is a key factor in the total 
economics of casting.    The actual contribution of ingot yield to the costs of 
casting is difficult to isolate as it can only be determined from cost evaluations 
through to the finished product.   As in most steelworks there is a large variety 
of products, this makes the practical problem of cost distribution between 
departments somewhat complex.    However, improved yields of ingots from 
liquid steel can in practically all cases be regarded as a cost saving. 

A great deal of research has gone into the ingot casting field and much of 
this has been directed to reducing the cost of the finished product by improving 
the overall yield of liquid steel to finished product.    The improvement in overall 
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yield obtainable is a combination of the improvements in yields at the ingot, semi- 
£ finished product and finished product stages. 

The yield from liquid steel to ingot depends to a great extent on avoiding 
the production of a short un-rollable ingot at the end of the cast.   This is now 
possible with modern accurate weighing techniques, applied both to the charge 
tn the furnace and the liquid steel in the ladle. 

The yield on primary rolling has increased steadily, especially with 
regard to killed steels, where careful control of hot-topping has reduced 
primary piping and segregation to a great extent. 

The improvement in ingot surfaces brought about mainly by beu'er temper- 
ature and teeming control and careful mould preparation has been reflected in 
higher yields of finished products. 

15.2 Continuous casting 

A In the continuous casting process, liquid steel is poured into a bottomless, 
walercooled, copper mould from which it is continuously withdrawn and then 
cut to the required lengths when solidification is complete.    The technique has 
been used for casting non-ferrous metals for some time but has only been applied 
to casting steel for atout twenty years.    The delay in its introduction for steel 
casting was due to the problems which arise from the much higher melting point 
of steel and its very poor thermal conductivity.    The latter property results in 
an extremely long liquid metal core as the product is cast, which meant that the 
original 'vertical' casting machines had to be of great height.    Modern continuous 
casting plants have been reduced in height either by using curved moulds or by 
bending the strand through 9CP to the horizontal. 

An important feature of the: process is that the yield from liquid steel to 
semi-finished product is normally considerably higher than for ingot casting and 
primary rolling;  the yield, however, is strongly influenced by the efficiency of 
the casting shop. 

A Since their introduction for steel casting, the number of continuous casting 
W Installations has increased rapidly.    The capacity of the machines has also been 

raised, largely by increasing the number of strands in the machines being built, 
and to some extent by increasing the strand speeds.    It has thus been possible to 
use larger ladles and the average ladle size employed has increased steadily 
over the years and is still rising. 

The capacity of a given machine is restricted by the maximum time allow-   . 
able for pouring one ladle.    This maximum period is generally taken as 70 
minutes.    Attempts have been made to increase this time by pre-heating ladles 
and particularly by heating the steel in the ladle during pouring by means of gas 
or oil burners.    The results of attempting to increase the pouring time of a ladle 
have not toen completely satisfactory and, while the pre-heating of ladles is now 
normal practice to avoid excessive superheating of steel, ladle healing during 
pouring is carried out only as an insurance measure rather than as a means to 
extend the normal pouring period. Temperature loss is not always the only factor 

»to be considered, however;   it has been reported* that in casting aluminium-killed 
A steels, for example, aluminium losses during casting increase with time, and 
^ casting times should, in such cases, be limited to about 40 mins. 

* R.Schoeffmann "Iron & Steel engineer" 49, 2 3 (1971) 
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Growthof the J^roces s_ 

Figure 15.1 shows the increase in the number of machines built per year; 
also shown is the increase in ladle size which the new machines can accommodate, 
which has been achieved both by increasing the cross sections cast and by 
increasing the number of strands.   The maximum number of strands in use is 
now eight for billets and blooms, and four for slabs.   As the ladle capacity of 
such machines for bloom and slab production is equivalent to that of the largest 
ladles and steelmaking furnace capacities now in use, ther? is at present little 
incentive further to increase the capacities of these machines. 

Billet casting machines, however, are at present restricted to a maximum 
of eight strands, because with more than eight strands it becomes extremely 
difficult to keep all the strands operational.   Consequently, billet casters and 
especially those machines casting the smaller billet sizes have relatively low 
outputs.   The drive to increase the number of strands has resulted in a number 
of back to back machines being designed in an effort to circumvent the problem 
of a large number of strands in one machine.   As yet, no really large billet 
installation has been built but this is partly a result of the large existing 
capacities of billet rolling mills, which are able to roll down the blooms produced 
by the large bloom casting machines. 

The rapid growth of continuous casting over the last twenty years from 
practically zero to a present day potential capacity exceeding 50 million tonnes 
has occurred for a number of reasons.   The ability to utilise this new method to 
gain a small but significant increase in the output of a works where the primary 
rolling capacity was saturated, without having to build expensive high output 
primary mills, was a great incentive to its introduction.   Also, as the process 
became established, it became apparent that this was in many cases the most 
economical method for new, large-scale production capacity, particularly when 
the increased yield was taken into account.   The range and variety of the products 
cast has also increased rapidly as the process has been more widely adopted. 

Although there is probably no economic justification for the replacement of 
some existing ingot casting and large primary mills by continuous casting, the 
use of the latter process is justified in most new works.   This will be demonstrated 
by the comparative cost evaluation of continuous casting versus ingot casting in 
Article 15.3. 

Developments in machine design and operation 

The future advancement of continuous casting will result in part from the 
recent development of 'non-stop' casting.   In normal continuous casting each 
ladle of steel is poured within die pouring period limit of about 70 minutes. After 
this the machine is reset which normally takes up to 30 minutes for the replace- 
ment of the dummy bar, fitting of new nozzles and cleaning out or replacing the 
tundish.  In non-stop casting, ladle after ladle is cast with only momentary otops, 
enabling a continuous product to be made.   US Steel's South Works, Chicago, has 
recently cast 18 consecutive heats into more than 3,600 tons of blooms in a 
15-hour period. 

There is thus a large increase in machine output but also an increase in yield 
due to le reduction in the number of discards from the ends of the cast billets. 
It should be noted that the application of this technique is restricted to the production 
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of long runs of a specific size and quality of steel, and in practice proves 
extremely difficult to achieve.   To do so the non-stop continuous casting 
machine has to be designed with high speed changing facilities for the tundish, 
nozzle and ladle, and to be of a sufficiently robust design to stand up to the 
intensive utilisation required.    The outputs of such machines can easily exceed 
double that of many of the normal machines designed for single ladle casting, 
although if the normal pouring and resetting times are assumed it would appear 
that only a 40 percent increase could be obtained, i.e. the equivalent of the 
increase in the availability of the machine.    The larger increases in output 
obtained in practice are usually a reflection of the normal under -utilisation of 
machines through the intermittent use which results from poor matching of the 
furnace tap times to the availability of the casting plant.    Flying tundish systems 
with rotary-turret ladle handling suitable for continuous continuous casting have 
now been introduced in Austria, as well as Japan and the USA. * 

Much of the improvement of machines over the last twenty years has been 
in the design of moulds. The most important aspect of this has probably been 
those developments aimed at increasing the rate of heat transfer and hence the 
casting speeds, which have risen steadily. 

The original vertical casting machines, in addition to requiring tall structures 
and the hoisting of the steel ladle to considerable heights, also presented 
problems in handling the castings after cut-off, from the vertical to horizontal 
plane.   The first development to overcome this was to bend the casting through 
an arc to the horizontal plane and then straighten it onto the run-out table before 
cutting to length.   This Vertical-plus-bending' casting did not significantly reduce 
the height of the machine, however, and this provided the incentive for the 
development of the curved-mould machine.    In this with the use of an oscillating 
mould of special design a:id a curved cooling chamber, the height of the machine 
is reduced to about one third of the vertical types.   The curved casting from these 
machines only has to be   straightened, which results in lower costs for mechanical 
equipment than with the vertical-plus-bending machines. 

The advantage of reduced capital cost for curved mould machines is to 
some extent offset by the increased operating costs which result mainly from 
the high costs of the specialised moulds.    Moreover, the assymetry of the 
stream of steel within the mould can create problems of differential freezing in 
the billet, particularly in the production of special steels.   These problems 
have led to the development of the straight bow-type caster.   This type of plant 
has a straight mould with the strand tent into a bowed arc starting about 200cm 
below the mould while its core is still liquid. *   As with the true curved mould 
machines the mould is oscillated and the overall machine height is similar. 
The use of the straight mould, however, gives improved heat transfer, better 
skin growth and eliminates accumulation of impurities on the inner casting 
radius. 

* R. Schoeffmann Iron and Steel Engineer, 49, 25 (1972) 
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Casting machines are now manufactured to produce the complete range of 
billets, blooms and slabs required, but the production of dog bones and also 
shapes such as hollow rounds have not been adopted on a commercial scale, 
although great initial promise was claimed. 

Single machines that are required to produce a range of sizes need a 
complete range of moulds for this purpose which, as well as being expensive, 
will give reduced output due to the changeover time.    Variable geometry moulds 
have been designed to cater for this problem in the case of slabs.   The simplest 
form is the fixed thickness   slab mould with movable ends which can then produce 
the full range of widths required.    The success of variable geometry moulds is 
not proven and it is understood that the problems of mould design to maintain 
the required corner radius are proving difficult to solve. 

The need to produce a complete range of slab widths is particularly applicable 
to strip rolling where the mills can only marginally reduce the width of the slab. 
It is thus necessary to produce a range of slabs with about 50 mm increments in 
width     Although there is a trend towards continuous slab casting, only one 
producer in the USA    -    McLouth Steel Co.    - has adopted continuous casting 
as their only means for producing slabs.   The experience at McLouth has been 
very unsatisfactory and the difficulties are only gradually being overcome.   Most 
producers are installing slab casters as adjuncts to their conventional facilities 
to obtain additional capacity and, at the same time, to gain experience and know- 

how. 

From the discussion above it will be seen that any future changes taking place 
in the technology' of continuous casting are likely to be aimed at improving what 
is already a very sophisticated process.    The major advances which can be 
predicted for the next decade are the more widespread adoption of non-stop 
casting and increased strand speeds, but these demand much from both plant 

and personnel. 

Quality_asr>ects_ 

The continuously cast product is more homogeneous than the normal ingot. 
This is particularly so in the longitudinal direction where the normal vertical 
segregation, due to the solidification of a static ingot, is absent.   Segregation 
across the width of the section is in many cases equivalent to that occurring in 

the better parts of ingots. 

Due to the high solidification rates and small cross sections, compared with 
those of ingot casting, the continuous casting of steels other tiian the fully killed 
varieties is difficult.    These other steels produce large quantities of carbon 
monoxide on solidification and it is the effervescent action in the ingot mould 
which gives rimming steels their characteristic ine lu si on-free surface layer of 
pure iron, which is necessary to obtain a good surface finish in sheet rolling.etc. 
In continuous casting only limited effervescence is possible and this limits the 

formation of the pure iron rim. 
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Attempts to continuously cast rimming steels have, at best, resulted in a 
product with a visible rim devoid of blow-holes, but which does not have the same 
rim composition as that of a rimmed ingot.   The difference in composition between 
the two products is mainly in carbon content which, while approaching zero in 
the heavy rim of the slowly solidifying ingot, approaches the average steel carbon 
content in rims of the rapidly cooled continuous-cast product. 

Substitute, killed steels have now taken the place of rimming steels for many 
applications and this has extended the use of continuous casting.   Rimming steel 
is still required for a number of purposes, such as sheet for enamelling, and 
this has at present still to be rolled from ingots.    Considerable advances have 
been reported by the Russians, however, in the continuous casting of low carbon 
rimming steels for the production of cold-rolled sheets.* 

Normal, low carbon killed steels have proved to be ideal for continuous 
casting.    Higher grade hillets of all types have been successfully cast including 
free cutting grades, cold heading qualities and stainless steel.    However, the 
difficulty of producing these qualities is reflected in increased overall costs, 
and the effect of this on the cost of the finished product needs to be carefully 
assessed.   This is discussed further in Chapter 21 Article 21.9, on special steel 
casting. 

Casting speeds 

Casting speeds for specific cross sections are usually defined in terms of the 
linear speed in millimetres per minute or the output in tonnes per hour.   In general 
the speed of casting decreases rapidly with increasing cross sectional areas, but 
the output actually increases with increasing cross sections.    This is illustrated 
in Figure 15.2 which shows the average outputs obtainable for billets and blooms 
on present day machines. 

Specially designed machines have reached much higher strand speeds such as 
10,000 mm per minute achieved on 50 x 50 mm billets in the UK.   A four-strand 
machine at South Works, Clúcago, designed for a strand speed of 4,500mm per 
minute, is regularly casting l\ inch (190mm) blooms at over 4,000 per minute, 
and has reached speeds of around 4800 mm per minute. 

The smallest size of billet cast commercially is 50 x 50 mm, but demand for 
this size is small and the usual small billet size is 80 x 80 mm.   Many machines have 
been built with this as the minimum size in a range up to 145 x 145 mm which is classi- 
fied as a small bloom size.    Large, eight- strand bloom machines are now being 
built which incorporate sizes from 250 x 250 mm to 480 x 300 mm. 

The casting speed for slabs is usually slower than for billets of the same 
dimension as the slab thickness, but the outputs are generally much higher because 
of the extra width.     Slab machines are now being designed with speeds in excess 
of 2, 500 mm per minute for 125 mm thickness slabs, but the normal speed range 
is 1000 - 1500 mm per minute as shown in Figure 15.2.  For double this thickness 
the normal speeds are down to less than 750 mm per minute and eventually level 
off at about 600 mm per minute for the thicker slabs. 

* UNIDO workshop on Creation and Transfer of Metallurgical Know-how. Jamshedpur 
December, 1971 (ID/WG. 110/13) 
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The largest slabs currently being produced are 300 x 2,200 mm and are 
cast in a two-strand machine using a 250 tonn ladle. Four-strand machines 
have been built with slightly smaller slab sizes using 300-350 tonne ladles. 

Efficiency 

The efficiency of a continuous casting machine does not depend entirely on 
the casting speed; even more significant is the synchronisation of the casting 
cycle with the steel production cycle.   Figure 15.3 shows theoretical casting 
capacities as a function of casting speed.   A 225 tonne BOF furnace with a heat 
cycle of 40 minutes has been assumed in preparing this curve, and the cast 
slab size has been taken as 250 x 1500 mm.   A further assumption is that the 
casting machine has been cleaved after one heat and that, subsequently, the 
dummy  bar is entered and sealed, an operation requiring 15 minutes; 
solidification requires an additional 20 minutes.   This shows the influence of 
the casting speed on the incremental steps of plant output; the peaks indicate 
the points where the casting and heat-cycle times of the steel plant coincide, in 
other words where "back-to-back" casting is possible.    The highest peak 
indicates the take-over of each heat, while the smallest represents the take- 
over of only one heat in three. 

Another possibility for increasing plant output is to reduce the time of 
interruptions between casting heats.   If reductions in idle time from 35 minutes 
to 15 minutes were achieved the effect on plant capacity would be as shown by 
the shaded areas. 

Figure 15.3 indicates that a specified output may be achieved by providing 
a small caster with facilities for back-to-back casting, instead of a large, high- 
speed caster.   Capital and, usually, operating costs are lower for the smaller 
machines, but the latter may have limitations as far as quality is concerned. 
Figure 15.4 shows the maximum casting time as a function of ladle size and 
quality classification.   The maximum casting times are based on the formula: 

f log G - 0.2 
0.3 

where    t = casting time (minutes 
G » ladle contents (tonnes) 
f « 10 for highest quality 
f = 16 for lower quality 

the factor f depends on the allowable temperature loss in the ladle. 

Cost of continuous casting 

Table 15.2 illustrates the operating cost of continuous casting, and is based 
on a similar output to that for the ingot casting costs given in Table 15.1.   Thus 
the costs apply to the casting of common steel billets in works with outputs in 
excess of 1.0 million tonnes per year. 
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TAULE 15.2 - CONTINUOUS CASTING OPERATING COSTS 

S per tonne of product 

Moulds 0.4 

Refractories 1.0 

Others 0.5 

Maintenance materials and spares 0.4 

Fuel and energy 0.5 

Labour 1.5 

TOTAL 4.3 

These costs exclude capital charges and all overheads. 

I 

» 

15.3 Comparison of ingot and continuou_s_ca_sti_ng_. 

The position of continuous casting as an alternative to ingot casting in any 
existing or potential situation needs to be considered in some detail both from 
technical and economic standpoints.   For the production of killed and semi - 
killed steels for strip and plate production generally and for common bar 
production up to one or two million tonnes per year, continuous casting can usually 
be demonstrated to be the economic solution in new works.    Ingot casting and 
primary rolling installations, built recently in existing works and some large new 
works, demonstrate that ingot casting may still be the preferred process in certain 
circumstances. 

The total costs of steel casting will be considered on the basis that the 
two processes are completely interchangeable with regard to the product output 
and mix required in a new works,  which will permit a fair comparison to be 
made of the two processes, and the main differences in costs highlighted. 

Continuous casting installations cost substantially more than ingot casting 
installations for outputs in excess of one million tonnes per year.    However, 
the total canital expenditure on the plant required to produce blooms and billets 
from liquid steel is lower for continuous casting plants, due to the elimination 
of soaking pits and primary rolling mills.    The saving can be up to 30 percent 
in such cases, and for small outputs the capital cost of continuous casting plants 
is considerably less than the equivalent ingot casting and rolling facilities. 
Indeed the overall saving on both capital and operating costs can be sufficient 
to make the total cost per finished product tonne of a small plant, based on 
electric arc steelmaking and continuous casting, comparable with that of a large 
integrated works as demonstrated in Chapter 22 on mini-works. 

Comparative coste of in «jot casting an4iH1lL"u_°.M.Il5il:r;5in.S 

The total costs of ingot casting and primary rolling to billets are compared 
with the costs of continuous billet casting in Table 15.3. 

The capital and operating costs of the continuous casting operation are 
assessed on the basis of the plant boundaries being liquid steel in the ladle and 
billets in stock immediately after the hot bank.     The operating costs in Table 15.1 
for ingot casting and in Table 15.2 for continuous billet casting are used in the 
comparative cost evaluation of the two processes. 
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In order to evaluate the comparative costs of the two processes it has been 
assumed that the unit cost of liquid steel is the same for the two routes.   The 
Ingots are assumed to be heated in soaking pits, primary rolled to blooms which 
are then immediately rolled to billets in a continuous billet mill.    The recoverable 
steel scrap is credited at $30 per tonne. 

The capital charges are assumed to be 20 percent of the capital costs of 
the process plants involved and do not include a works services element.   Similarly, 
operating costs do not include overheads of any description.    The comparison, 
therefore, assumes that works have identical outputs and that different processing 
routes carry the same overheads. 

TABLE 15.3 - COMPARATIVE COSTS OF BILLET PRODUCTION 
BY THE INGOT CASTING AND CONTINUOUS CASTING ROUTES 

Cost per tonne of billets $ 

Continuous 
casting route 

Ingot 
casting route Difference 

Liquid steel cost 
at $80 per tonne 
Casting operation costs 
Bloom rolling operating 

cost 
Billet rolling operating 

cost 
Capital charges 

Sub-totals 

Credits for scrap 

TOTAL COSTS 

84.2 
4.3 

S.2 

94.8 
2.8 

2.7 

3.1 

7.1 

+ 10.6 
-   1.5 

+ 2.7 

+ 3.1 

+ 1.9 

93.7 

- 1.3 

110.5 

- 3.8 

+ 16.8 

- 2.5 

92.4 106.7 +14.3 

From Tablel&3 it is seen that the continuously cast billets are about $14 per 
tonne cheaper than the rolled billets.   The difference is due largely to the difference 
in yields coupled with the difference between the assumed cost of liquid steel and 
that of credited scrap.      The cost advantage to continuous casting is sufficiently 
large to make the estimating insensitive to major variations in individual items. 
The costs in the table are based on interrupted continuous casting; continuous continuous 
casting would result in jomewhat lower costs. 

The figures thus highlight the main technological advantage of continuous 
casting, that is the reduced liquid steel demand, due to the much higher yield of 
finished steel.   In Table 15.3 the yields used are 95 percent for continuous casting 
and 85 percent for ingot casting, neither of which can be considered best yields 
but both are representative of casting a range of ordinary quality steels. 
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The economjcs_of_ replaça 

When comparing a new facility with an existing facility any capital charges 
on existing plant can be taken as remaining the same for the two alternatives and 
can therefore be ignored.   In Table 15.3 the total cost of continuously casting 
billets on new plant is approximately $7 per tonne less than die comprehensive 
conversion cost of billet production from ingots on existing plant, that is to say 
excluding die capital charges on the ingot casting and primary rolling plant on 
the assumption that the plant is fully written down.   In this case it would, 
therefore, be economic to replace the existing facilities with continuous casting 
if other factors such as the yield from ingots remained constant. 

When slab rolling is compared with continuous casting the same argument 
applies, but to a lesser extent, as in this case the ingot casting route only has to 
bear the cost of rolling slabs, whereas production of billets involves two processes, 
bloom and billet rolling.   Consequently the operating cost advantage to the 
continuous casting route is reduced.   The difference between the two greenfield 
site alternatives is $8.7 per tonne, and die capital charges involved in slab 
production via"die ingot route are some $4.7, leaving an advantage to continuous 
casting of $4.0.   As before, the main difference in the total costs results from 
the difference in the cost of liquid steel and scrap and this is totally dependent on 
the yields assumed in the calculations. 

If the finished product from the slab route is plate, or the product mix 
contains a substantial proportion of plates, the overall costs of the continuous 
casting route for slabs will be reduced.   This is because slab casting for plate 
production is cheaper than for strip rolling as the range of widths required for 
strip rolling is not required. 

The figures above apply to a works with an output of approximately one 
million tonnes per year and 10-20 tonne ingots.   If outputs are increased and 
ingot sizes increased, the differences in yield will decrease and at the same 
time the economies of scale of die large ingot casting shop will be greater than 
those for continuous casting. 

In certain circumstances multi-million tonne greenfield works producing 
slabs from ingots can lie competitive with similar sized continuous casting 
installations and hence it is clear that many existing slab producing plants must 
be capable of producing slabs cheaper than brand new continuous casting 
installations with tiieir heavy capital charges;   thus the $4 per tonne advantage 
of continuous casting disappears due to the increased efficiency and flexibility 
of the large ingot casting and primary rolling units. 

Similarly, with large greenfield works producing billets, ingot casting and 
primary rolling has been estimated in specific circumstances to be cheaper than 
continuous casting.   This may occur when the mix of steel types contains some 
which are unsuitable for continuous casting, thus dictating the use of some ingot 
casting. 

Where there is a borderline case with the steel plant heat size approaching 
or-exceeding the present day billet casting machine limit of 120 tonnes, the 
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comparison shouM be made between bloom casting and ingot casting routes. 
With case bloom sizes approaching ingots in cross section and in weight,   it is 
to be expected that the future will show bloom casting to be the preferred route 
for high outputs. 

15.4 Technical innovations in casting 

Novel ideas may find a place in the casting field in the future, but it should 
be emphasised that the bulk of the technology upon which the ideas will be based 
has already been developed. 

Horizontal continuous_casting_ 

The design of a machine which could operate with a horizontal mould has 
been the aim of numerous workers in the last twenty years.    Recent efforts 
have produced such a machine in which a horizontal billet mould is fed from a 
right-angled tundish which is sealed on to the vertical face of the water cooled 
mould.    A  1 million tonne per year plant is reported to be operating in Russia; 
the throughput is claimed to be twice that of conventional continuous casters, 
while capital costs are reduced by one third.    Krupp are reported to be 
interested in co-operating with the USSR in continuous casting development. 

Pressure _Pjour_ing 

This advanced process is also used for casting semi-finished products, in 
particular slabs, and has been in operation for a number of years in the USA 
notably at Oregon Steel Mills* Rivergate Plant in Portland. 

The process was developed for the production of cast steel railroad car 
wheels.    The ladle contairung the liquid steel is pressurised and the steel is 
thus forced up a refractory lined tube into the mould.    The rate of flow of the 
metal is carefully controlled, by adjusting the pressure to prevent turbulence in 
the mould.    The moulds, which are made of graphite, are gas purged before 
casting.    The dimensions of the product are accurately maintained and the 
surface finish is good.    The main development has been in the casting of 
stainless steel slabs which are cast in individual vertical graphite moulds. 
Here the process has many of the advantages of continuous casting, and in 
addition produces a better surface finish.    However, yields are generally less 
than those in ingot or continuous casting due to liquid steel remaining in the 
ladle, and the process is not a continuous one. 
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CHAPTER 16   - PRIMARY ROLLING 

16.1 The development of rolling 

The rolling of steel products has been a continuously developing art and science 
since the earliest designs of rolling mills in the fifteenth century.    However, 
since the rolling process is intimately bound up with the metallurgical character- 
istics of the steel itself, the scope for development of the process lies mainly in 
more consistent and controlled operation.    This is manifest in the changes and 
improvements in the design of plant used in the process.    The speed with which 
the process can be carried out is mainly a function of the rate at which the rolling 
force can be applied.     Here again the design of the plant has been the determining 
factor in the advance of the process. 

In consequence, throughout the history of rolling the latest innovations in 
other technologies have been harnessed, as in the progression in the source of 
power from hand through water and steam to the electrical power which drives the 
rolling mills of today.    Many improvements have also resulted from changes in 
the design of bearings, new casting and fabricating techniques, and so on, but, 
while all these changes have been going on, the basic principles of the rolling 
process have remained constant. 

This and the next two chapters are presented in a different style from preceding 
chapters, in that the plant, as distinct from the process, is the centre of our 
interest.     Technological development and trends in the design of rolling mills can 
best be discussed by reference to mills of different types.     These chapters on 
rolling mills are set out accordingly.    The subject is so large and so many books 
and papers have been published within this highly specialised field of engineering 
that it is hardly possible to cover the entire subject comprehensively; we have, 
therefore, approached it with the developing country in mind and with the object of 
provoking thought on a number of development aspects which we believe to be 
relevant thereto. 

The modern rolling mill is an extremely sophisticated piece of equipment. 
The degree of sophistication is justified by the improvements in output and 
resultant economies of scale which have accrued, together with the improved 
yields and closer tolerances on the rolled products.    However, not all advantages 
to be gained by improved design are additive.     Very often, conflicting require- 
ments need satisfying so that a compromise may be necessary, and a solution 
evolved that is unique to the situation under consideration. 

203 
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Sometimes this leads to a choice between different mills.   At other times it 
may be a choice between processes.   For example, this has already occurred 
In the use of continuous casting machines to produce billets, doing away with 
the need for primary rolling.   A second example is the development of swing 
and continuous forging of billets from blooms which, while not able to compete with 
high capacity billet mills can replace the small billet mill which might otherwise 
be required in a miniworks or in small works in a developing area. 

The three main factors that have to be taken into account in each roill 
project are product range, dimensional accuracy and capacity required.   The 
relative importance of these for each type of mill is discussed in this and the following 
chapters.   Mill capacity and the range of products rolled compete for priority 
in mill design.   The modern trend is generally toward specialisation of mills 
for limited ranges of products, as  more and more products rise in demand 
to the point of justifying the specialist mill.    The multiproduct mill is left with 
a very  varied selection of products to roll.   In some cases this has led to 
changes in process such as fabrication by welding, or extrusion. 

The largest single element of cost in the rolling process is the feedstock, 
as is evident from the breakdown of costs for different rolled products set out 
in Table 16,1.  In consequence demands by the steel user for closer dimensional 
tolerances have to be met with improved capability to produce accurate products 
If yields are not to drop.   This leads to developments in instrumentation and 
control and in some cases automation of the mill, as discussed in Chapter 24. 

TABLE 16,1   COSTS OF ROLLING FOR DIFFERENT MILLS 

($ per toime of rolled product) 

Slabbing 
Mills 

Blooming 
Mills 

Billet 
Mills 

Section 
Mills 

Merchant 
Mills 

Strip* 
Mills 

Capital charges 2.2 3.2 3.1 16.3 8.2 5.4 

Feedstock 78.0 78.0 78.0 83.8 84.1 82.8 

Consumables and 
Maintenance 
materials 0.7 0.8 0.9 2.3 1.8 1.9 

Fuel & energy 1.5 1.4 1.4 1.7 1.6 1.8 

Manpower 

TOTAL 

0.' 

82.8 

0.4 

83.8 

0.7 2.3 2.3 

98.0 

0.3 

92.2 84.1 106.4 

* Plate mill costs are similar. 
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Any improvement in the yield of the process will obviously show 
savings in feedstock costs.   When new plant is to be installed a cost benefit 
analysis should be undertaken to determine the economic advantage if any, of 
incorporating automatic process and gauge control.   It can be seen also that the 
capital charges per tonne of product vary considerably between different types 
of mill.   In general it is most advantageous to increase the unit size and speed 
of those mills that carry a high capital charge per tonne, provided that economies 
of scale are still present.   In contrast, the manning element is low so that the 
effect   on   this cost of automating a mill would be negligible.   It is to be expected 
that the development of rolling mills will take different forms for different types 

of mill. 

The rolling of special steels Is dealt with separately in Chapter 21, 
Article 21.10. 

16.2 Slabbing mills 

It is likely that any slabbing mill built today, at least for substantial 
outputs, would be a universal mill with driven vertical rolls in close proximity 
to the horizontal rolls.   For example, in the last five years or so, six new 
slabbing mills have been built in Japan, of which four are universal mills and 
two are high lift mills, each with a capcity of over 2 million tonnes per year. 
The provision of vertical rolls in a universal slabbing mill does not necessarily 
eliminate the desirability of a high lift top horizontal roll.    Normal practice is to 
deliver the ingot to the receiving roller table on edge and to take the first passes 
with the horizontal rolls, doing the work necessary to bring the ingot width 
down to within about 50 millimetres of the slab width.  If a slabbing mill is 
required to deliver slabs in a width range from 2000 millimetres down to 600 
millimetres with, say, only 4 ingot sizes to span the range, this means that 
the total amount of edge reduction will vary from 550 millimetres maximum 
down to 150 millimetres minimum on each ingot.   To do this on the flat using 
only the vertical rolls of the universal slabbing mill would be virtually impossible 
since the maximum reduction achievable with the latter is only about 50 mill- 
imetres per pass, whereas the horizontal rolls can make pass reductions as high as 
150 millimetres.   It is thus normal to take two or three passev, through the 
horizontal rolls with the ingot on edge and then roll it on the flat for the remainder 
of the work.   A major advantage of bringing in the ingot on *dge is that the scale 
on the sides of the ingot which will form the top and bottorr. of the strip,   falls 
away rapidly when the first heavy passes are taken by the horizontal rolls. 

On a universal mill, tilting facilities are only required on one side of the 
mill and for some of the really high output installations where tandem rolling 
from heavy ingots is obligatory, a separate tilting station has been installed 
where the ingot is tilted on a static grid in order to avoid the impact loads on 
the main roller tables.   A further advantage of the universal mill is that it 
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produces slabs with good square edges.   This is important because the slabs 
butt against each other properly and more predictably in the pusher slab 
reheating furnaces ahead of the hot strip mill. 

To match up with the largest continuous strip mills, modern slabbing mills 
are being designed with very high outputs.   A recent feasibility study has shown 
that a universal slabbing mill can Ix; designed to roll 6 million tonnes of ingots 
per year, using 40 tonnes ingots and rolling two at a time, in tandem.   It is 
claimed that at this output the cost of slabs is less than the continuously cast 
product. 

Much work has been done in arranging automatic positioning of ingot buggies 
to feed ingots from soaking pits to mill; tandem rolling techniques are now 
generally practised and various slab cooling systems, such as the Siemag wheel 
(a rotating table), or the Yawata roller table with top and bottom sprays have 
cut down on scale losses and reduced the amount of slab yard space necessary 
for slab cooling. 

16.3 Blooming mills 

On blooming mills there have been no dramatic design changes in recent 
years, except detail improvements which aim at greater reliability.   Like 
slabbing mills, any modern  high output mill has twin motor drive with 
separate motors driving the top and bottom rolls, with electrical synchronisation. 
A producer installing a new blooming mill should examine the respective 
advantages and limitations of thyri stors and motor-generator sets for controlling 
the main mill motors. 

A substantial improvement in the operation of both slabbing and blooming 
mills has been the development of automatic preset programme control.   This 
is achieved by using punched cards or similar devices encoded with the rolling 
schedule required , the mill and manipulators then follow the sequences dictated 
by the control devices.   Similarly, photo-cell devices are used for mill reversal. 
If these devices save one or two men in the mill pulpit, they possibly add them 
again in the programming and maintenance staff, but the system has the advantage 
of most automated processes that it does not get tired and makes fewer mistakes 
than human operators. 

16.4  Billet mills 

Billets and slabs (of relatively small cross section) are ihe standard semi- 
finished products for the bulk of the non-flat steel trade and the availability of 
the right quality and quantity at the right price is of great importance.   In most 
of the developed countries, there is a considerable trade in these "semis", 
which are sold to the non-integrated re-rolling concerns, most of which have 
their own specialised trades which they have studied and developed.   It is 
customary for these re-rolling concerns to make long term contracts with large 
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billet producers.   In some cases these have been bought out by the bjg steelmaking 
companies in the pursuit of vertical integration.   In Europe particularly and in 
most industrialised countries elsewhere, however, there are many independent 
re-rollers.   This situation in the industry is likely to remain so for some years 
to come. 

Billets should not be thought of only in terms of common low carbon steel. 
The billet (or slab) is the basis of many items of hardware used in everyday 
life that rest on quite exacting specifications e.g. for spring steel, drawing 
qualities, free-cutting steels and many degrees of hardness, softness, ductility, 
surface finish, and so on.   It is perhaps true to say that little money is to be 
made in world markets for soft basic billets of common mild steel.   The 
return on investment follows the skill in producing the special qualities required 
to match the hundreds of industrial requirements. 

Any modern high production mill will have alternate vertical and horizontal 
roll stands and may have 10 stands, probably arranged in two groups, of six 
and four respectively.   There would be a lateral take-off between the groups 
for the larger sections and these would be cut up by hot saws.   The smaller 
sections will go through the 4-stand finishing group and be cut up on the flying 
shear.   On the new Scunthorpe plant of the British Steel Corporation, the 
shear will cut up to 125 millimetres square. 

However, the number of stands and the mill configuration generally will 
depend greatly on the issues discussed earlier - the cross-section to be cast 
(either in continuous casting machines or in ingots) and the sizes to be 
delivered to the market, and also on the tonnage to be rolled both at a single 
rolling and annually.   There are numerous configurations to produce smaller 
tonnages at capital costs lower than those incurred for a continuous mill and each 
case requires a close engineering study to produce the best economic solution. 

There is another important trend.    Since a re-rolling customer is not 
pleased if defective billets are delivered to him, especially if he sells his own 
products in quality markets, new billet mills are fitted with extensive 
finishing departments equipped with facilities for sophisticated techniques of 
automatic inspection and non-destructive testing, stacking and binding. 
This is a new field of technology which should be fully studied.    These finishing 
departments are extensive and they can also be expensive.   In the Scunthorpe 
plant mentioned above, the capital cost of the mechanical part of the billet 
facility divides approximately as : one third primary rolling: one third billet 
rolling:  one third billet finishing department. 

Swing Jprging ^machines 

'Swing forging' describes the relatively recent developments in "continuous" 
forging of billets where relatively low outputs are involved.   The two most 
prominent are the GFM continuous forging machine and the Kocks swing forge. 
These work on different principles.   Both processes use two pairs of forging 
heads which operate alternately on the bar at right angles to each other.   In the 
Kocks machine the heads are pivoted so that they preform with a special rolling 
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action on the billet, whereas the GFM machine uses the simple forging action 
ola forging press. 

Trials with these machines Indicate that certain processing problems have 
yet to be resolved.    In particular it appears that both machines tend to produce, 
on certain steel qualities, an Internal cruciform crack which does not weld up 
during subsequent re-rolling.   However, these and other problems may be 
overcome In due course. 

• 

J. 
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CHAPTER  17 - ROLLING OF FLAT PRODUCTS 

17.1   Plate mills 

There has been a. steady process of evolution in the detailed design of the 
4-high plate mill.   Shipbuilders, who are among the largest consumers of plates, 
have demanded wider plates for economy in hull construction.   Mill designers 
have responded to this demand    and    plate mills up to 4 metres in width are 
now available.   Such mills are being installed where a high proportion of ship 
building plates are to be produced.   It is now generally agreed that mills of this 
width or greater   should be equipped with back-up roll bending devices for the 
control of lateral gauge, shape and crown. 

There has also been some growth in recent years in the production of 
universal plate.   This plate is rolled in a mill having driven vertical edging rolls, 
arranged in close proximity to the horizontal roll stack, and on both sides of it. 
The purpose is to produce plate of accurately controlled width, for welding together 
to form structural sections larger than those that are economic to roll on 
universal beam or structural mills.   A good example of a universal plate mill 
is at the Lackenby plant of the British Steel Corporation.   This started in the 
mid 1960's as a single stand reversing 4-high universal mill, but a further 5 
stands were subsequently added so as to convert it into a semi-continuous plate mill 
of 80 inches (2 metres) width.   The plates produced can either be coiled or taken 
to flat cooling banks which have sophisticated handling equipment designed to 
maintain straight edges suitable for welding without further edge preparation.   The 
latter feature, is of course, essential to the success of a universal plate mill, 
because its justification is its ability to deliver plates with straight edges and 
accurately controlled width.   This is not only important to the fabricator but also 
to the steelmaker, because a better yield results than from the alternative method 
of shearing and edge trimming wider plate, the improvement being at least 4 to 5 . 
percent and sometimes more. 

Experience with the Lackenby mill shows that although the establishment 
of such a mill for the purposes described has been highly successful, it is 
important to be sure of the market requirements before embarking on such 
a project.   For example the main demand for universal plate in the U. K. is for 
material less than one metre wide.  Such plate can be satisfactorily rolled on a 
2-high mill, at lower capital costs.   The BSC is understood to be actively 
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considering acquiring such a mill at the present time.   This situation is a good 
example of the conflicting requirements referred to in Chapter 16, Article 16.1, in this 
case between the range of products and the economics of production.    This is perhaps 
most common where product demand is spread unevenly over the spectrum 
of product size. 

Detailed development has taken place in plate cut-up, levelling, shearing 
and inspection lines and some of these are very extensive in modern installations. 

17.2  Mot strip mills 

It is not possible in this article to cover the entire field of strip mill 
engineering or the whole process of evolution which is still continuing and has been 
covered in detail in "The Hot Strip Mill - Generation 11"*.        Here we pick out 
what we regard as the technologically salient points. 

Improvements in hot strip mill design continue to be based on the same 
premises as always, namely the demand for: 

(a) better product quality, 
(b) better yield of prime quality saleable product from the slab, and 
(c) better utilisation or productivity from what is always an extremely 

expensive investment. 

Better quality in this context means more accurate and uniform gauge, 
both laterally and longitudinally (i.e. from edge to edge and from one end of the 
coil to the other), better surface finish and metallurgical properties. 

Improvements in these quality standards are In general being obtained 
by more roughing stands in the hot mill, by additional finishing stands and by the 
application of growing technology in automatic gauge control and in the use of 
on-line computers. 

Mill layout 

The strip mill operators, In what m'lght be termed the "big league" of 
auto-body sheet and tinplate, do not believe they can remain competitive on the 
basis of using a semi-continuous mill with a reversing rougher.   Modern mills 
are now built with continuous roughing trains with 5 or more stands.   This 
change in layout not only improves the quality of the rolled product, it also 
results in a three or four-fold increase in the capacity of the mill. 

Hot strip mills used to have six finishing stands but more often nowadays 
have seven.   The reasons for this are manifold.   For example, thinner gauges can 
be hot rolled and such products can replace cold rolled material for certain uses 
in autobody manufacture where the material is not normally seen.   Also a thicker 

* Published in 1970 by the Association of Iron and Steel Engineers, 1010 
Empire Building, Pittsburgh, Pennsylvania, USA. 
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breakdown can be employed, resulting in a shorter delay table between the last 
rougher and the first finisher for a given coil weight.   Alternative advantages 
are the capability to handle heavier slabs and to achieve higher finishing speeds. 
Both of these factors contribute to a higher annual capacity.   An example 
typifying these trends in design is the mill built at the Kimitsu plant of Nippon 
Steel Corporation;    this, one of the most recent hot strip mills with a width of 
90 inches (2.3 metres) has 7 roughers and 7 finishers. 

A number oí mills in the USA have 5 or 6 roughing stands and 7-stand 
finishing trains.   The demand for larger coils entails heavier slabs and these 
slabs tend to be a cause of longitudinal gauge variation, owing to heat losses at 
the tail end of the slab caused by delay whilst the leading end of the slab is 
passing through the tandem finishing stands. 

Automatic gauge control (AGC) and on-line computer systems have now 
reached an advanced stage of development.   AGC will only ensure that the whole 
strip length is rolled to the gauge at the head, or front end.   On-line computer 
control will enable the initial settings to be mi de so that the head end will be 
rolled sufficiently close to the desired gauge to be within the commercial 
tolerance.   The computer control will also select the acceleration rate such 
that even temperature rolling can be obtained, which is an important factor in 
achieving uniform metallurgical properties and uniform gauge down the length 
of the coil.   The operators of older hot strip mills usually become very skilled 
in setting the stands of a continuous mill manually.   Nevertheless, there is 
generally some trial and error before the mill consistently rolls coils to the 
required gauge and this results in some off-gauge coil being rolled, which has 
to be used for other purposes or sold at a second quality price.   All this 
represents loss of prime quality yield.   It is an objective of computer control 
and of AGC to reduce this loss by pre-setting the mill stands and adjusting for 
causes of gauge variation automatically during rolling.   A considerable degree 
of success has been achieved and it is greatest when the mill, computer control 
and AGC are designed as a total system.   There have been some disappointments 
where a degree of automatic control has been added subsequently to mills 
originally designed for manual operation.    For example, the screw down drives 
must be powerful enough to screw down accurately under load and the mill bearings 
must also be adequate in capacity to carry the greater loads thus imposed.   Similarly 
the loopcrs, which control inter-stand tension in the finishing stands, must have 
much faster speed of response ; but above all the speed of response of the main 
drive motors must be such as to carry out the dictates of the automatic equipment 
with extreme rapidity.   A change in the roll gap setting of one stand during rolling 
will immediately call for adjustment in the speed of the following stand in order 
that the same mass of material per second may pass through it - and, while the 
speed of response of loopers has also been improved, the storage provided by any 
form of inter-stand looper is very limited. 

It will be appreciated that  any system of automatic control consists broadly 
of two elements.   The first is the equipment which senses variations, processes 
the signals and dictates changes in mill settings: the second is the mechanical 
and electrical equipment which receives the signals and alters, for example, the 
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roll gap of the appropriate stands.   Conventionally, roil gap changes have hitherto 
been performed by electrically driven screw down gear which raises or lowers the 
top roll assembly, but the speed of response is inherently slow in relative terms. 
One solution to the problem of response is the "Wheeler nut".   In essence this 
device provides a micro-adjustment on an otherwise conventional screwdown system 
by rotating the nut in which the mill 6crews normiilly turn.   This rotation, which 
can be in infinitely small increments, is actuated by a hydraulic cylinder through 
a rack and pinion.   The system is installed in two fairly recent hot strip mills in 
the USA with a fair degree of success, but the range of correction of the Wheeler 
nut is relatively small, owing to the short stroke of the hydraulic actuating cylinder 
and this in turn necessitates a relatively coarse pitch of screw.   These screws tend 
to back off under load unless powerful brakes are fitted, but these add inertia 
problems to a system required to have an inherently rapid speed of response. 

Later in this chapter,  in connection with cold mills and with stainless 
steel, reference is made to hydraulic gap control and gauge systems.   In this 
design, electric screwdown is dispensed with altogether, the roll gap being 
maintained and controlled by hydraulic cylinders acting directly on the roll 
assembly.   There is no doubt that tins is the system of the future for cold rolling 
applications.   As described later, it has already proved its worth on single stand 
hot strip mills of the Steckel type.   It is now being fitted on a narrow (24 inches/ 
600 mm wide) continuous  hot mill at the Providence-Réhon plant in France. 
We predict that it will become the roll gap control system on the wide tandem 
hot strip mills of the future; and certainly no mill manager should order a hot 
strip mill without considering its merits most carefully. 

As regards lateral gauge  variation and shape control, the technique of 
back-up roll bending has been applied on some wide mills, having the control of roll 
crown on the final stand as the objective.   For instance, the final finishing (F7) 
stand of the very recent 88 inches (2.25 metres) wide hot strip mill at Hoogovens 
in Holland is fitted with back-up roll bending and we understand the operators 
are pleased with it.   There is, however, a school of thought which believes 
that similar results can be achieved at lower cost by the simpler technique of 
work-roll bending for the control of crown . 

It should be said, however, that back-up roll bending can be installed on 
the last stand of a continuous finishing train without great extra cost, because 
the percentage gauge reduction on this stand is normally so low that the rolling 
loads   are much less than on the earlier stands.   Thus, if the Morgoil bearings 
and screw-downs are standardised throughout the mill, (as they normally would 
be), the final stand can accommodate the higher tearing and screwdown loads 
caused by back-up roll bending without the higher cost of larger bearings. 

Technology in all the subjects discussed above is advancing rapidly and 
some of it, for example, computerisation and gauge control, is complex.   The 
leading rolling mill engineering companies and the experienced electrical equipment 
suppliers are, for the most part, the repositories of this technology.   Any strip 
mill project, either for a new plant or the improvement of an old one would normally 
call for an extensive study of all aspects - product mix and quality engineering 
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and production.   Such a study should include consultations with these companies, 
some of which have well developed computer programmes designed especially 
for such feasibility studies. 

A modern hot strip mill will also be equipped with automatic, or mechanical 
work roll changing equipment, whereby the down-time for changing work rolls 
can be drastically reduced and the availability and output of the mill be corres- 
pondingly improved. 

Power_i_np_ut_ 

There are, of course, many other features of hot strip mill design which 
have evolved over recent years.   One is the increase in power employed.   Roughing 
stand drives have commonly reached 12,000 hp, with 16,000 hp reported for a mill 
Just recently built.   Several mills have reached the maximum total of 54,000 hp 
tor the roughing train.   Finishing mills have reached 12,000 hp per stand, or a total 
of 84,000 hp for the train, whilst the use of multiple armature drives on finishing 
mills has increased, so as to reduce inertia problems and improve the speed 
response factors necessary for computer control.   Double, triple and even quad- 
ruple armature motors are now in use on some stands.   There has in fact been a 
considerable evolution in the electrical engineering of a hot strip mill, all of which 
is a field of study on its own. 

Reheat furnaces 

There have been important changes In slab reheating furnaces.    These 
are an increase in the number of heating zones, the development of walking beam 
traversing gear and discharge extractors.   In modern plants, furnaces now have 
a 5 zone heating layout to maintain more precise thermal conditions.   Walking 
beam mechanisms are replacing simple skid bars in  order to reduce the damage 
to the slabs and slab extrattors at the discharge end are now almost universal. 
These dispense with the need for expensive bumpers to arrest the slab when 
falling under gravity from the furnace outlet on to the receiving table.   With the 
ever growing size of slabs, these extractors are becoming essential because a 
large slab of say 45 tonnes will virtually destroy any bumper or its foundations after 
only a few months of operation, giving rise to a constant source of maintenance 
trouble. 

Cooling and coiling 

There have been developments at the exit end of the mill also.    Laminar 
flow water cooling between the last finishing stand and the coiler has been found 
more efficient than turbulent jets.   This development has led in some instances, to 
the possibility of shortening the run-out table and saving building cost.   The 
laminar flow can also be computer controlled so as to give uniform coiling 
temperature. 

It is becoming normal for high capacity mills to have three coilers so 
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that maximum production can be maintained even if one coiler is out of action. 

Another major development being pioneered Is to have the normal coilers 
some 150 metres away from the last finisher for the medium and heavy gauges 
but have one or two additional coilers only 30 to 45 metres away from the mill 
for the very thin gauges.   The reason for this is that the thinner gauges require 
less distance to cool the strip in the first instance and secondly, it gives a 
considerable boost to mill output because it is normal practice to accelerate 
the mill with thin strip only when the coilers have been threaded and if another 
100 metres of strip has to be rolled before acceleration can begin, quite a few 
seconds are added to the cycle lime per slab.   With coilers close to the mill 
there is less chance of cobbles and a greater proportion of the strip is rolled 
under tension between the coiler and the mill, leading to improved quality. 

§P?Ç-_ii0.n.tJPl 

A further improvement concerns the pacing of the mill and the automatic 
slowdown equipment which reduces the speed of the finishing stand rolls from the 
high speed at the tail end of one coil down to the relatively slow speed for threading 
the next bar.   Mills built only a year or so ago operate on the basis of starting to 
thread the first finishing stand with the new bar only when the tail end of the 
old bar has left the final stand.   This results in something like a 20 second gap 
between one bar and the next.   If computer control is applied so that the mill 
can be decelerated rapidly, and the controlling factor on time is the traverse time of 
the new bar from the rotary crop shear to the first stand, the gap time can be 
reduced to about 8 seconds.   On the average product mix, this development plus 
the addition of coilers close to the mill can add up to 10 percent to the potential 
capacity of the mill. 

Smaller _hot_ str_ip_ mil Is 

Before leaving the subject of hot strip mills, some reference must be made 
to mill size and output capacities, because to a major extent this dictates the size 
and capacity of the total flat products steel complex in which a mill is installed. 
The total investment in a steel works becomes ever larger as hot mill capacity 
increases, so in many developing countries the question is not so much "How 
much will the mill produce?" as "What is the smallest economic capacity of hot 
strip mill we can have?". 

It probably remains true that the smallest hot strip mill of, say, 66 inches 
(1.7 metres) width comprising a reversing rougher and 4 or 5 finishers, will have a 
capacity of at least 500/600 thousand tonnes/per year on an average product mix 
having a mean thickness of 2. 5 millimetres.   Moreover, as noted above, the 
quality of common steel strip obtainable from these mills does not compare well 
with the high qualities obtainable from modern fully continuous installations. 
Also, a mill with only four finishers has loo few stands to allow an adequate 
automatic gauge control system to be incorporated and the coil weight is limited 
because of the heat loss on the delay table of a slab reduced by the reversing rougher 
to only    10 millimetres tliick for most finished gauges of the strip mill.   With 
5 finishers the reduction can be to 15 millimetres which allows a rather longer 
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bar length and delay table.   With 6 finishers, the normal reduction thickness is 
to 25 millimetres and with 7 finishers, to 35 millimetres. 

Although, as we have said earlier in this chapter, the production of most 
sheet and tinplate is now on continuous mills, it remains a fact that a reversing 
rougher, even with a minimum installation, makes possible rallier better 
temperature control than a continuous mill.   The semi-continuous mill still has a 
place, therefore, when the production programme contains a high proportion of 
steels such as the stainless qualities where temperature control is important 
and where many more passes are necessary to reduce the slab to the much 
thinner entry gauge required to feed the finishers. 

So the problem of the "mini" strip mill for low carbon quality strip 
remains and a good deal of time and money have therefore been spent in various 
parts of the world at various times in seeking a low-cost small output mill 
design, suitable for the needs of smaller developing countries.   One of the 
earliest attempts was the Steckel mill, which is a 4-high single stand reversing 
mill with coiler drums of heat resisting steel revolving inside gas or oil fired 
furnaces, or "hot boxes", of special design.   Suffice it to say that Steckel mills 
have been steadily phased out for quality low carbon strip applications and we 
see no likelihood of their being reintroduced, although they are used for small 
scale tinplate and galvanising operations where the problems of surface finish 
are not qu¿te so acute as on sheet products. 

The Sendzimir planetary mill is also designed to produce hot rolled 
strip on a small scale.   The top and bottom rolls are surrounded by a cage of smaller 
diameter work rolls, revolving around the main roll in a planetary manner. 
Passing a slab between these two sets of revolving planetary rolls can achieve a 
very substantial reduction in thickness in a single pass.   In relatively narrow 
widths, this mill has achieved moderate success, but as the width increases so 
do the design problems arising from the increased bending moment on the 
planetary roll system and the high stresses imposed on the bearings which contain 
it.   Thus the maintenance costs can be high.   We do not think mills of this type 
are suitable for producing low carbon steel strip which is comparable in quaLty 
with that produced by the high production hot strip mills.   For some limited 
applications they may have a place, but not for the demanding specifications imposed 
by, say, auto-body sheet. 

One or two companies are rolling stainless strip on planetary mills and 

some success has been achieved in rolling high nickel austenitic grades (A151 
300 series).   We understand, however, that production of low nickel ferritic 
stainless (A151 400 series) has not proved practicable, although it can be 
successfully rolled on a Steckel type mill. 

17.3  Cold strip mills 

The considerations which have led to change in the design of cold strip 
mills in recent years are much the same as those applicable to hot mills.   There 
is a constant call for improved accuracy and consistency of gauge and temper 
and for excellence of surface finish.   Similarly, as investment in these mills 
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Increases, so does the demand for tetter yield and productivity.   Some of the 
solutions to these problems have a similarity with hot mills.   The number of 
stands in a tandem sheet mill has grown over the years from 3 to 4 and now to 5. 
What used to be a 5-stand tandem mill for tinplatc is now, frequently, a 6-stand 
mill.   Similarly, mudi progress has teen made in the application of on-line 
computer control. 

The requirements of improved accuracy and consistency of gauge have 
led to heavy mill stands of ever increasing stiffness.   This lias led in turn to the 
development of pre-stressed designs which had some vogue for a time, but they, 
in turn, are now giving way to hydraulic roll gap control.    As a result, it is 
now possible for a hydraulic system to make the adjustments dictated by an 
automatic gauge control device with an accuracy and speed of response unat- 
tainable with conventional electric screw down systems operating through 
mechanical gearing.   This is an example of the transfer of technology from 
one industry to another.   The hydraulic systems and controls embodied in these 
designs owe much to developments in the aerospace industry. 

It is thought that the limiting factor in the control of gauge in a cold strip 
mill Is now no longer the mechanical operation of the roll gap; rather is it a 
function of speed and speed response time in the main drives of the mill stands 
and of the tension reel; and it is also a function of roll eccentricity.   It must be 
appreciated that perfect concentricity in mill rolls is not achievable.   In operating 
practice any or all of the 4 rolls of a 4-high mill may have eccentricities of the 
order of 0.01 millimetres and these may produce any number of out-of-balance 
permutations and combinations of patterns which are difficult to control.   However, 
the various devices developed in recent years have greatly improved gauge accuracy 
in comparision with what was thought to be possible a few years ago.   It is 
interesting also to note that hydraulic gap control in a cold mill is appreciably cheaper 
in capital cost than i*:s electro-mechanical predecessors. 

As regards availability and productivity, automatic work roll changing 
equipment is now available for cold mills, whilst the mechanical arrangements for 
the feeding of hot rolled coils at the entry side of a tandem mill have been greatly 
improved so as to reduce the time delay between coils.   Just recently a 5-stand 
"continuous" cold mill has gone into operation in Japan.* In this design overhead 
looping arrangements are provided and disposed in a manner whereby the tail of the 
coll in the mill may be welded to the head of the coil following without stopping 
the mill.    At the outgoing end of the mill, there is a crop shear and 2 tension 
reels, deflector rolls feeding the sheared ends to the two reels alternatively. 
It is claimed that the mill can roll three coils in the time that conventional mills 
require for two.    The system is under extensive computer control (see Chapter 24, 
Article 24.2), the elaboration is considerable and it is probably most suitable for 
tlnplate where width and quality remain fairly constant.    In sheet rolling, orders of 
a given specification are often much too small for such a system to be practicable 
At the Nippon Kokan Fukuyama works the cold rolled sheet coils are continuously 
«nnealed (thereby reducing by 90 percent the time required in batch annealing). 
The continuously annealed sheets are said to possess excellent deep drawing quality 
and form ability. 

*   No. 2 Mill at Fukuyama Works of Nippon Kokan. 



217 

Nevertheless, this development will be watched with Interest.    It Is of 
importance, because the gauge of cold rolled strip passing through a tandem mill 
is dependent not only upon the setting of the roll gap or gaps anil on the tension 
between stands and between the final stand and the reel, but also upon the 
acceleration rate of the mill.     Thus, in the conventional method of cold rolling 
there Is an appreciable length of off-gauge strip at both ends of the coil, 
reflecting the acceleration ot the mill whilst the strip is being threaded and its 
deceleration as the tail of the coil passes through.    This is the phenomenon 
(which arises from changes in the oil film thickness in the back-up roll bearings 
during acceleration) which has dictated steadily increasing coil weights, so that 
the off-gauge length of the coil is reduced as a proportion of the whole.    Thus, 
on the new 88 inch (225 metres) 5-stand tandem mill at Hoogovens, the coll weight 
is as much as 45 tonnes, and over 2.5 metres In diameter. 

As In the case of hot strip mills, there has been a demand for cold 
rolling mills of smaller types suitable for operation in small scale plants.    The 
cold rolling of strip in a single stand reversing mill presents no problem and 
such mills are in successful operation in many countries.    There is certainly some 
loss of yield of on-gauge strip at both ends of the coil, but by good management 
and the application of automatic gauge control this loss can be contained within 
manageable proportions. 

The Sendzlmir cold strip mill Is worthy of special mention, as It Is 
particularly successful In certain circumstances.    This design is characterised by 
the small diameter of the work rolls mounted In a back-up or support system of 
"cluster" configuration, the whole system being made to a high degree of precision. 
The small work roll is particularly suitable for the cold rolling of stainless steel 
and of other special quality steels which work harden, the effect being to render 
possible relatively large reduction in gauge in each pass, thereby reducing the 
number of annealing operations.    The Sendzimir cold mill has earned for Itself 
an established place in the cold rolling to thin gauges of special quality sheets and 
of stainless steels in particular. 

17.4  Narrow strip mills 

Under this heading, we have In mind 2-hlgh mills hot rolling strip up to 
about 300 millin cters width and 4-hlgh mills rolling strip, both hot and cold, up to 
about 600 millimeters In width.    A variant of the first group of mills has vertical 
edging stands to produce strip of controlled width and with edges of controlled shape. 

This, in English, is commonly called "skelp.    It is used for the production of 
welded pipe, made by hot fusion welding in mills corresponding to the Fretz-Moon 
process, for such applications as household water and gas pipe, electrical 
conduits and tubular scaffolding. 

Narrow strip produced on such mills Is also cold rolled for numerous 
applications, of which probably the most exacting specification is for razor blade 
strip.    Box strapping is another example of a product cold rolled (end silt) from 
a narrow hot band. 

Four-high mills are particularly suitable for hot and cold strip rolling 
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íaclUtle« for the «pedal quality steels that are uneconomic or Impractical to 
make and allt on wider mills, because the metallurgical qualities required would 
disrupt the even flow of their production.   A special example Is the type of 
installation required for the production of cold rolled grain oriented electric sheet. 
Such mills today are of the four-high type and have an advanced degree of automatic 
gauge control incorporated In the design, BO as to achieve the maximum yield of 
prime quality product 'rom relatively expensive materials. 

These narrow strip mills are normally fed with slabs from a billet 
plant. 
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CHAPTER 18 - ROLLING OF NON-FLAT PRODUCTS 

18.1    Structural mills 

It is probable that any heavy structural mill built today will be a universal 
beam mill for rolling universal columns and parallel flange beams and channel». 
The better section moduli offered by these shapes in comparison with that of 
earlier standard shapes are widely preferred b> structural engineers for many 
applications.    The same mills can usually be equipped with conventional 2-high 
roil stands which can lie substituted for the universal stands, utilising the same 
drives.    The conventional stands will roll shapes to the earlier standards, as some 
operators have felt that they cannot safely commit themselves to a total change 
over to universal shapes in one operation.    Universal beam mills can also be 
designed to roll rails and sheet piling sections.     Many of them are also capable of 
rolling universal flats or plates of limited width.     For example a beam mill 
capable of rolling a 600 millimetre beam could also probably produce a 750 
millimetre wide flat.   Similarly a beam mill designed to roll a 1000 millimetre 
wide beam could produce a flat 1250 millimetres wide.  It is usually economic to 
roll universal sections up io 600 millimetres  but above this size it is often cheaper to 
fabricate from plates owing to the relatively small quantities of the larger sections 
required.    Universal beam mills are established in Europe, (the first "Grey" mill 
was built in Luxembourg many years ago to a British design and within the last 5 or 
6 years has been completely modernised).    They are also in use in the USA, Japan 
and Australia.    Another is currently under construction in Mexico for sections up to 
21 Inches by 16 inches (530 millimetres x 400 millimetres}. A smaller universal 
beam mill recently installed in South Africa at High veld has a product range 
Including beams 450 millmetres by 200 millimetres, columns 300 millimetres by 
300 millimetres, channels 350 millimetres by 100 millimetres, angles 200 millimetres 
by 200 millimetres and flats up to 550 millimetres wide.    It is also designed to 
produce rail sections up to 60 kilogrammes per metre. 

An interesting development now taking place is the construction of a 
continuous medium section and light beam mill for the British Steel Corporation. 
This has two 2-high reversing roughing stands, an intermediate train with some 
stands capable of rotation for horizontal or vertical rollings and a continuous 
finishing train.    The very last pass can be through a universal roll stand for 
rolling junior beams.     Typical products from this mill are flats up to 200 millimetres 
wide, angles up to 250 millimetres x 250 millimetres, channels up to 300 millimetres, 
joists up to 200 millimetres x 150 millimetres and beams up to 500 millimetres. 
It can also roll a number of very small sections, such as pit arch joists 90 millimetres 
x 90 millimetres. 

219 
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The predicted annual output of this mill is of the order of 500, 0(K) tonnes per yoir, 
but continuous medium section mills up to 750, 000 tonnes! per year are already 
being discussed. 

In mills for heavy or medium shapes, the finishing end is of equal importance 
to that of the mill itself and it is a mistake to treat it as a place for economy in 
capital expenditure.   There are many structural mills around the world where 
cooling beds are inadequate and where the space necessary for cutting up, 
straightening and collection of orders for shipment has been undesirably 
restricted.   Therefore,  on recent structural mill installations, considerable 
attention has been paid to the finishing department.    For example modern cooling 
beds are designed to reduce the amount of distortion caused by differential cooling 
to the practical minimum.   In one modern installation an electronically controlled 
device is used to locate rolled sections on the cooling bank so that they are 
precisely spaced.   Sections advance down the cooling bed by means of a walking 
beam system, so that the interspaces remain constant.   In this way,  the loss of 
heat throughout the length of the sections is reasonably uniform and this, in turn, 
greatly reduces the amount of distortion arising from uneven cooling.    This system 
however, has not yet been widely accepted. 

The fact that it is possible to buy a continuous medium structural mill capable 
of rolling 500,000 tonnes per year does not, however, necessarily mean that this 
is the most efficient solution.   Where the market served by the mill is such that 
long rollings of particular sections are economic,  then continuous or near- 
continuous rolling is probably right.   Where production rollings need to be short, 
the time taken to change rolls in a multistand mill may offset, in whole or in part, 
the advantages to be gained by continuous rolling.   The mill may and probably will, 
be designed so that duplicate stands arc available within which rolls for the next 
programme may be mounted; and in this way the net down time for roll changing 
will, of course, be greatly reduced.   On  the other hand, it is obvious that the 
capital cost, by reason of the duplicate stands, with or without automatic stand 
change, is substantially increased.   The fart is that any structural mill is 
designed as a solution for a particular set of conditions.   There are situations 
where a breakdown mill, followed by two or three 2-high reversing stands in 
train may be the best solution.   There are other situations where a breakdown 
mill followed by 3-high non-reversing stands with tilting tables, may be the 
best answer; and there are situations where a continuous or semi-continuous 
mill will give the best economic return.   When contemplating the construction 
of a new mill of this kind,  it is always prudent to obtain proposed solutions, 
from two or three of the rolling mill engineering companies which specialise in 
tíiis field. 

18.2  Rail mills 

There have been no dramatic changes or improvements in rail mills as such 
during recent years, if only for the reason that the demand for rails has been 
falling due to the less important place occupied by railways in the transport 
systems of the developed countries.   On the other hand, increasing train speeds 
demand heavier section rails. 

Reference should be made to the system devised and patented by the French 
steel company de Wendel et Cie.   In this system, rails are rolled in a universal 
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beam mill.   It is claimed that the relatively large amount of mechanical work 
done on the head of the rail gives very good physical properties.   A blank is 
first produced in a structural roughing stand.   The shape of this hlank is 
similar to a conventional rail blank but has an excessively proportioned head. 
It is then passed to the universal roughing mill.   During the roughing operation, 
the head of the rail is brought into proportion and the heavy reduction work 
taken on this part of the section Is the basis of the de Wendel claim for a rail 
having a head with very good properties.   The horizontal rolls work the head of 
the rail, the underside of the head and the top side of the flange, whilst one 
vertical roll having a parallel face rolls the bottom of the flange.   The other 
vertical roll has a curved face and works the head of the rail. 

A feature of the process is the need to make two horizontal edging passes, 
the horizontal edging rolls having to work on both the side of the head and the 
edge of the flange.   Normally this would require two edging stands, one on either 
side of the universal roughing mill, but we believe that the de Wendel plant has 
a horizontal edging mill with two sets of pass grooves that are slid in sideways 
between passes.  The rail is finally finished in a universal stand with no edging 
pass. 

As experience is still limited, it is hard to say to what extent this system 
of rolling rails may gain acceptance.   Iscor, in South Africa, took out a licence 
to operate the de Wende i patent hut have not yet put it into operation.   At the 
Hlghveld plant, also in South Africa and referred to above, rails are being rolled 
using five passes in the structural roughing mill, followed by three passes in 
the combination finishing mill equipped with 2-high structural rolls.   In this 
way, a perfectly acceptable rail is produced and it seems to be a simpler method 
than the de Wendel process. 

It must be borne in mind that the rolling of rails in a mill otherwise intended 
for universal sections requires suitable provision in the finishing department. 
The cooling banks must be wide enough to take the rail lengths required by the 
railways to be served and in Europe mese lengths have grown considerably.   Also, 
railways require rails in accurate lengths, so provision has to be made for "ending" 
to requirements and this may also involve drilling where fishplates are still used; 
there may also be special heat treatment plant.   On the whole, therefore,  it is 
better to separate the rolling of rails from other structural sections, except where 
the quantities required do not justify a mill mainly engaged on rails. 

18.3   Merchant mills 

Under this description, we refer especially to bar mills, and/or mills for 
the production of what are frequently termed "merchant products".   These consist 
of bars which maybe round, hexagonal, square, or of other regular cross section, 
as well as flats, small sections, and reinforcing bars of various kind.   A high 
production facility for this purpose would today be a fully continuous mill and its 
capacity could be of the order of 500, 000 tonnes per year depending upon the product 
mix.   Mills of this type and capacity have been considerably developed in recent 
years.   Stiffer stands and better bearings give a product of greater dimensional 
accuracy, rolling speeds have Increased and various devices have been designed 



TU 

either to reduce roll changing time or to change whole stands automatically. 
Such a mill will have an alternative vertical and horizontal stand configuration 
at least on the roughing stands, probably arranged for cartridge roll changing, 
whereby complete roll assemblies may be mounted in the mill housings. 

In other configurations, there may be automatic stand changing.   In this 
system, spare roll stands arc situated alongside the mill.   While one section 
is being rolled, rolls and guides are being mounted in the spare stands for the 
next section to be rolled.   When die change over is to take place, the new stands 
are placed on traversing platforms to replace the stands in the mill line.    The 
entire change operation is fully automatic and takes about 5 minutes.   The down 
time between rolling the last bar of the previous batch and the first bar of the 
new lot can be as short as 15 to 20 minutes.   This saving of changeover time 
makes major production increases possible, compared with rolling mills without 
facilities for automatic stand change.   The economics, however, must take into 
account the appreciable extra capital cost of the equipment; and in any circumstance, 
calculations have to be made which take into account roll groove life and the 
expected average production runs for given sections. 

Cooling beds for straight lengths have not altered greatly in recent years, 
and most high output mills now have automatic bar bundling equipment whereby 
the bars are automatically counted and tied in bundles with wire.   Makers of rivets, 
nuts and bolts nowadays generally order bar stock in coil form and a modern mill 
would probably be equipped to coil bars up to about 25 millimetre diameter. 

The foregoing paragraphs relate to merchant mills having a capacity of about 
500,000 tonnes per year, but there are, of course good merchant mills in 
operation in many parts of the world having an annual capacity of 100,000 tonnes or 
so. 

The trend in developed countries and in countries like Australia where the 
market is relatively concentrated, is to install the higher capacity mills.   The 
right solution will always depend upon the circumstances of a particular case 
and generalisation is impossible.   The characteristics of the market will 
normally be the governing factor. 

18.4 Wire rod mills 

This is a very specialised field of rolling mill technology, the development 
of which has taken place over many years.   Today die linear delivery speed 
of 5.5 millimetre rod out of a modern mill may be between 50 and 60 metres 
per second.   Speeds of 80 metres per second have been achieved experimentally. 
It is thus obvious that the design of the mill and the means of controlling its 
throughput have reached a very high order of sophisticated engineering.   There 
are perhaps only three or four companies in the world today who specialise in 
this field and no enterprise contemplating entry into the large scale production 
of wire rods should think of proceeding without consulting at least two of them. 
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The availability of higher finishing speeds (and therefore greater output) 
coupled with high accuracy, has come about through the development of the "no- 
twlst" finishing block, In which the last ten or so reductions are achieved by 
pairs of rolls mounted at right angles to each other, (or trios at 120   In one 
version) with a controlled speed relationship between them.   The machinery in 
these blocks is built to very fine precision limits and the single groove rolls 
are usually made of tungsten carbide.   Similarly, highly developed speed control 
is employed in the earlier reduction stands. 

In addition, wire drawers, the main customers for wire rods, have called 
for greater consistency of physical properties In certain qualities of carbon 
steel rod.   This had led to the "Stelmor" system of controlled cooling, developed 
jointly by the Steel Company of Canada and the Morgan Construction Company. 
This system of cooling rods was originally developed to replace subsequent 
"patenting".   However, whilst it was possible to roll rods   on a conventional 
finishing mill at speeds higher than 30 metres per second, it was found that It 
was Impossible at these speeds to form a coil.   A "basketweave" effect resulted 
in a coll which could not be unwound at the subsequent wire drawing processes. 
The application of the Stelmor process to this problem allowed laps, or 
convolutions of rod to be laid on a moving table, with provision for blowing more 
cooling air at the edges where the concentration of steel is greatest.    The laps 
are subsequently put together to form orderly coils.  It was then found that at speeds 
of about 35 metres per second trouble occurred with the twist guides in the 
finishing mill and this gave rise to the "no-twist" concept.   So it is the combination 
of "no-twlst" finishing and the Stelmor cooling process which has enabled speeds 
up to 60 metres per second to be achieved. 

Two other significant developments should be mentioned.   The first is the 
demand by wire drawers for heavier colls of wire rod (which improve the economy 
of wire drawing. ) This, of course, calls for heavier billets at the entry to the 
rod mill, so whereas 5.5 millimtre rod (the smallest diameter sold commercially) 
used to be rolled from billets as small as 48 millimetres square, today It Is more 
commonly rolled from 80 mm to 90 mm billets.   This calls for more rolling stands 
in the rod mill.   Secondly, whereas billets used to be 9 metres In length, re-heating 
furnaces are now designed for 12 metres.   Indeed the latest thinking is to use 
billets 115 millimetres square and 15 metres long.   It will be appreciated that the 
heavier the billet, the faster must be the delivery speed at the finishing end: 
otherwise the exit speed of the billet from the reheating furnace becomes too slow 
and the rolls in the early roughing stands of the mill become damaged.   Thus a 
115 mm billet requires a delivery speed of the finished rod up to 60 metres per 
second. 

> 
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CHAPTER  19 - TUBE AND PIPE MAKING 

19,1    Production trends in tube and pipe making 

In recent years there has been a growing acceptance of the use of welded 
tubes and pipes.   This has been strongly Influenced by the development of 
specifications and test methods to permit these tubes to be used for the 
conveyance of high pressure gases and fluids, and as structural members. 

The discoveries of oil and natural gas In many parts of the world have 
led to a demand for large diameter pipes, required for the transmission of 
vast quantities of oil and gas over long distances.   These requirements have 
been met by the use of welded high tensile steel tubes, whereas the production 
of seamless tubes in these sizes would be very costly. 

In a developing economy the production of welded tubes for general use 
has definite advantages over the seamless tube.   In the former case, the plant 
unit is of a small size, producing between 2,000 and 20,000 tonnes per year, 
whereas an economically-!: ¡zed seamless tube plant will produce   at least 
100,000 tonnes per year.   It is therefore possible to install a series of welding 
plants to match an increasing demand for tubes and so ensure that an over 
capacity situation, with the heavy financial commitment that this implies, does 
not arise. 

It Is considered that In the future there will continue to be an Increasingly 
large proportion of welded tubes produced by those countries who are developing 
natural gas and oil fields, and using steel tubes as structural members in light 
and medium construction works.   New processes such as extrusion and powder 
metallurgy are not expected to influence this trend but will be confined to the 
production of highly specialised smaller sized tubes in special steels and of 
complex shape or properties. 

Before considering the methods of manufacture in detail, It Is illuminating 
to look at the relative proportions of seamless and welded tube manufactured. 
In both Japan and the USA the proportion of welded tubes rose to a peak In the mid 
I960*s and subsequently fell.   In 1970, 75 percent of Japanese production and 60 
percent of USA production was welded. 
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In the USSR and in the EEC, there has been a steady increase In the 
proportion of welded tube, rising from approximately 40 percent in 1960 to 
60 percent in 1970.   These trends are considered to reflect to some extent 
the expansion which has been made in the use of natural gas pipelines In those 
countries. 

In the existing commercial technology there are a multitude of processes 
available for producing both welded and seamless tubes, as shown in Figures 19.1 
and 19.2, which also relate the manufacturing processes to the end use. 

Welded tubes may be produced by longitudinal or spiral welding and 
seamless tubes may be produced on two or three roll   mills.   Within each of 
these broad classifications there exists a multitude of processes differing in 
detail to produce the final product.   Following the basic process of making the 
pipe or tube there are a number of finishing processes, the choice of which 
again depends largely upon the end use of the pipe or tube. Although each process will 
not be considered in detail but the general principles of the major types of 
processes will be described below. 

19.2       Welded tubes 

Boirai welded tube mills 

Spiral tube mills are in use for the production of large diameter tubes 
with high diameter to wall thickness ratios.   Tubes can be produced from about 
300mm up to 2500mm in diameter, and each spiral tube mill is capable of 
producing a large range of sizes; however, for small diameter tubes   below 
600mm, the continuous longitudinal welding process may have economic advantages. 

The feedstock for spirally welded tube is hot rolled coll, which has the 
edges prepared for welding.   The coil is formed into a helix, the helix angle 
and strip width defining the diameter of the finished tube.   After forming into 

fc the tube shape, the strip is welded on both the inside and outside using sub- 
merged arc welding.   After welding, the tube is cut to length using a travelling 
gas-cutting machine. 

This process differs basically from the spiral tube mill inasmuch as the 
strip is progressively formed into a tube shape through a series of rolls.   The final 
diameters most commonly produced on these types of mills are between 12.5 and 
100mm.   There are a number of different welding processes which may be used 
for the production of the tube.   One of the earliest methods, and still widely 
employed, is the Fretz-Moon process in which the edges of narrow strip of rimming 
quality (skelp) are heated to welding temperature in a long tunnel type furnace. 
The skelp is then formed into a tube shape prior to welding.   During the welding 
stage the skelp edges are air blasted to clean the surface edges prior to final 
forming and welding.   The formed skelp then passes through a welding horn and 

ft .^ into the welding stand where the edges are butt welded together under pressure. 
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Alternatively, the heat source for the welding may be Induction heating. 
In this process an electr,    ' coil surrounds the tube prior to the strip being 
formed into the final tube       pe.   The high frequency current locally heats the 
•trip edges and rhey are then brought into contact under pressure by a pair of 
rolls where they are forged together.   The heat to the weld zone may alternatively 
be put in by resistance heating just before the final tube shape is formed.   These 
mills are capable of producing tubes at 50 to 375 metres per minute.   In order 
to make the process fully continuous, successive coils are joined together using 
a strip butt welder and looping device. 

Larger diameter tube can be produced by a discontinuous 'U'-ing and 
'O'-ing process.   In this method, lengths of plate are formed progressively 
Into a tube shape by dies in a long press of at least 20,000 kN capacity.   Before 
pressing, the correct edge preparation for welding is made by an edge-planing 
machine.. After edge preparation, the edges are bent slightly to ensure that 
after final forming the tube is perfectly circular.   After this process, the plate 
is formed into a 'U' shape between a pair of dies.   The dies run the whole length 
of the plate.   After 'U'-ing the semi-formed plate is transferred to another 
press which has two semi-circular dies.   The capacity of the press required 
for this operation may be 200,000 kN or more.   The final tube shape is an almost 
enclosed circle which is then welded.   Welding may be performed by a number 
of methods, the most common being submerged-arc.   During welding the pipe 
is held in a completely circular shape by a series of rollers bearing on the 
outside of the tube.   Normally the internal and external welds are made separately. 
To make the intcrual weld, the welding head is mounted on a long cantilevered 
arm and the tube is drawn over the welding head. 

19.3       Seamless tubes 

The first stage in the production of seamless tubes Is the piercing of the 
heated billet or bloom.   This process may take many forms but is common to all 
the subsequent tube making processes. 

The feedstock may be either continuously cast billets or rolled ingots. 
These are firsted heated to a uniform predetermined rolling temperature before 
piercing. 

When hot, the billet (or bloom) may be pierced by rolling it over a plug 
in such a way as to pierce and simultaneously rotate it.   The rotary piercer may 
be of two or three roll design.   Each has inclined barrel-shaped rolls with a tapered 
plug located between them.   As the rolls rotate the billet, it advances over the 
plug and a hollow bloom is formed.   Although the accuracy of the bloom dimensions 
is not critical, the concentricity of the pierced hole is important as it is upon 
this that the concentricity of the final tube depends. 

Alternatively, if the tube is to be made by extrusion or on an elongator or 
pllger mill, the heated billet or bloom may be pierced by using a hydraulic ram 
to pierce the feedstock which is constrained by a cylindrical die to limit the 
barrelling effect which would otherwise occur. 

f 
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After piercing the partially formed tube may be further processed in a 
variety of ways.   The choice of the process depends to a large extent upon the 
end use of the tube as shown in Figure 19. 2.   However, the alternative processes 
may be broadly classified into two and three roll mills. 

The mandrel, plug, pilger, Diescher mills and push bench use two roll 
configurations whilst the Assel mill and its derivatives use a three roll set up. 
The number of stands, the inclination of the rolls, and the type of mandrel 
or plug differ between each process.   For example, the mandrel mill has 8-12 
two-high stands, and the pierced bloom has a mandrel inserted into it to control 
the internal diameter.   The mandrel travels through the mill and is extracted 
after the tube is formed.   The plug mill uses a single stand two-high mill with 
grooved rolls.   The plug is held stationary between the roll gap, and usually the 
tube is passed twice through a single gap, with the tube rotated through 90 
between passes.   The pilger mill also uses shaped rolls which reduce, stretch 
and size the tube over a travelling mandrel.  The tube is continuously rotated 
as it passes through the mill.   The Diescher mill is used for the production 
of close tolerance tubes; the main work rolls are supplemented by two large 
diameter sizing disc rolls with hollow faces which bear upon the tube being 
formed.   The disc rolls form an almost closed pass effect, producing excellent 
external and thickness tolerances.   The push bench is similar in operation to the 
mandrel mill except that the hollow billet or bloom is closed at one end and an 
internal mandrel pushes the feedstock through a series of disc rolls. 

The three roll Assel mill reduces the diameter and wall thickness of the 
pierced feedstock by cross rolling onto a mandrel. The wall thickness of the 
tube produced corresponds closely to that of the finished product, and by selection 
of mandrel diameter and radial adjustment of the three elongator rolls, any 
thickness and diameter car be accurately produced. 

19,4       Other developments in tube production 

Extrusión 

Extrusion has been in use since the middle of the nineteenth centry for 
the production of non-ferrous tubes.   The problems of very high die-wear due 
to inadequate lubricants was not overcome until the advent of graphite lubricants. 
ft then became viable to extrude high value products such as high-alloy and 
stainless steels but the process still suffered from low productivity compared 
with other tube mills. 

The introducción of the Ugine-Sejournet process of glass lubrication of 
the workpiece has made it possible to consider the large-scale production of 
extruded tubes.   The process normally uses a heated pierced billet which is 
Inserted into the extrusion press together with the glass.   During extrusion the 
glass in contact with the die is almost solid whilst at the billet it is viscous. 
During extrusion, most of the shear strain occurs in the glass and not at the 
surface of the billet, unlike lubricated extrusion. 
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A new plant has been in operation for about 2 years at Tubacox, Llodio, 
Spain, where 180 mm square continuous cast blooms are pierced and extruded 
into pipe and tubing from 25 to 250 mm diameter, currently at a rate of 5,000 
tonnes per month;  however, with additional heating capacity this could be raised 
to about 8,000 to 10,000 tonnes per month.    A second and larger unit has been 
installed in Japan by Kobe Steel at Nadahama for a range of 25 to 300 mm outside 
diameter. 

This process has hitherto found particular application in the production of 
high alloy and stainless steel tubes in the size range 50 to 150 mm diameter, 
with diameter to thickness ratios up to 30:1.    Larger diameter tubes, up to 
250 mm can be produced by extrusion, but at these sizes the process becomes 
less attractive because of high tool wear and excessive tube faults. 

The recent developments referred to above permit competitive costs for 
carbon steel and allow a wide range of product size from a single operation, 
whereas other types of equipment restrict the range of product from a single 
unit.    As the process permits production of both light and heavy walled tubing, 
the product can be used for a wide range of applications, such as line pipe, 
drill pipe, petrochemical tubing, machinery and various other industrial 
applications. 

Such extrusions can also be used for production of special shapes that 
cannot be produced in rolling mills. 

Hydrostatic extrusion has recently been the subject of much research and 
development work.    Use of hydrostatic pressure in the extruding process 
produces triaxial compressive stresses, whereas with conventional extrusion 
there are biaxial tensile stress components.    Hydrostatic extrusion therefore 
eliminates the possibility of the normal surface defects becoming enlarged during 
the extrusion process. 

This process is still in its early stages of development, but it appears 
assured that in the future the existing problems will be overcome to make this a 
common process for the production of complex shapes in high alloy steels. 

Other processe_s_ 

Other processes are being developed for the production of tubes and tubular 
products, such as powder metallurgical processes.    In this process, the tube is 
formed from steel powder, compacted and then sintered.    This process is 
currently being used for forming special products, such as filters and lubricant 
retaining parts, and has been applied to tubes up to about 50 mm diameter.    It 
is considered that whilst this is an important and fast-growing technique, it is 
likely to develop its own markets rather than to substitute for any of the existing 
major production processes. 

Attempts are being made to produce continuously cast hollow blooms.    This 
would obviously reduce the total capital cost and the operating costs by saving 
the Initial piercing operations in seamless tube manufacture.    However, the 
metallurgical and mechanical problems of such a process are yet to be overcome 
and it will probably be at the least some years before the technique is sufficiently 
well developed to enable it to be widely applied. 
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19.5       Finishing processes 

The basic methods of producing tubes, described above, produce tubes 
which are suitable for certain specific applications, as detailed inFtgures 19 1 and 
19 2    However, due to the limited size range that each of the mills can produce, the 
tubes may be further processed to change their final dimensions <* impart 
specific surface properties.   A seamless tube mill is often insta led to produce 
a very limited range of sizes, and the size range is extended by further working, 

using one of  the following processes. 

Strejt_ch_reducing_ 

After the seamless tube is formed it is reheated and then passed to the 
stretch reducing mill, which is similar in construction to the mandrel mill.   It 
usually consists of a twelve stand two-high mill with adjacent stands positioned 
at 900 to each other.   Each stand is individually motored using variable-speed 
motors.   The individual stands are driven at speeds which progressively 
increase down the line from the entry stand.  Thus by rolling under the tension 
imparted by the increasing roll speeds, this decreases both the diameter and 
wall thickness without using a mandrel. 

^^JÎS a nd_ s izi t\p:_ "^Il.s_ 

The reeling mill imparts a burnish to the inside and outside surfaces of 
the tube and accurately sizes the tube.   The operation of the mill is similar to 
the rotary piercing process except that cylindrical rolls up to 1 metre in diameter 
are used.   The rolls are inclined at a slight angle to the tube axis and reeling 
takes place over a torpedo shaped cylindrical mandrel. The roll gap is set at a 
little less than the diameter of the mandrel, and the rolls are geared together 
and rotate at a surface speed of approximately 5 metres per second. 

If, following the reeling process, tube sizing is necessary, it is effected 
by the use of two or three two roll stands.  The rolling may be performed either 
hot or cold, and ensures uniform size and roundness throughout the length of the 
tube whilst reducing the tube diameter slightly. 

Expanding_ 

Pressure expanding has for some time been used to correct both the 
shape and size of tubes.  In this process both ends of the tube are sealed and 
the tube is filled with a fluid, normally water, which is pressurised.   The 
tube is allowed to free form into the correct shape and size. 

The expansion of seamless tubes by the use of a plug on a hydraulic ram 
is a comparatively new process, and is used to increase the yield strength of the 
formed tube.   One end of the tube is machined prior to having a plug inserted. 
The expander plug is then forced through the tube using a high pressure hydraulic 
ram.   The expander plugs are commonly of the same diameter as the outside 
diameter of the tube, and the tube is therefore expanded by approximately the 
same amount as the wall thickness. 
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These two processes are considered together as the basic principles are 
similar, apart   from the temperature of the operation.   Prior to drawing, the 
end of the tuba is pointed, to allow it to pass through the die or rolls.   The 
draw bench process consists of a heavy frame with a die rigidly mounted on it. 
The pointed tube is inserted into the die and the reduced end picked up on 
clamps.   The tuba is drawn through the die by an endless linked chain.   The 
internal diameter of the tube is controlled by a fixed mandrel.   The effect of 
the process Is to reduce both the diameter and the thickness of the tube. 

ÇpldJt^ucJtag. 

The cold roll reducing of tubes is normally used when a high diameter 
reduction isrequiredon small diameter tube.   The process accomplishes a 
simultaneous reduction of tube diameter and wall thickness by a cold-swaging 
action.   The process takes place under compression rather than tension in the 
conventional drawing process and hence the tensile strength is not a limitation 
upon the amount of reduction that may be imparted. 

The rotating dies used in the process are discs of complex shape, with 
matching semi-circular grooves machined into their curved faces.   In operation, 
one die is located above the other so that the matching semi-circular grooves 
make a circular pass.   The dies are geared to each other so that as they are 
rotated a converging circular pass is traced by the die grooves.   When a tube 
is held stationary on the centre line of the pass, the converging path of the die 
grooves reduces its diameter.   A tapered stationary mandrel is held at the centre 
line of the pass which controls the internal diameter.   The tube is progressively 
reduced and is fed into the work rolls during the idle stroke. 

19.6 Testing of tubes 

After final sizing of the tube it is visually inspected for surface defects 
and flaws before hydraulic testing, if necessary.   Hydraulic testing is used when 
the tube is going to be used for high pressure tubing.   Both ends are plugged 
and the tube filled with water and a hydraulic pressure applied.   The applied 
pressure may be as low as 30 kg/cm   up to 1050  kg/cm2, depending upon the 
type of tube, the size, and the service for which it is to be used.   The testing 
machines are highly automated and are capable of testing about 20 tuoes per 
hour. 

19.7 Protective coatings 

Galvanising 

The hot dip galvanising process is widely used for applying zinc coating 
to small diameter steel pipes for protection against corrosion.   Before hot 
dipping, the pipe is thoroughly cleaned to remove oils and grease.   It is then 
pickled in hot dilute mineral acid to remove rust and mill scale after which 
it is washed.   The surface Is then fluxed by dipping in a hot solution of zinc 
ammonium chloride, and bringing the tube up to the bath temperature.   It 
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is than Immersed in the zinc bath which is held at a temperature of 550°C. 
The tube is slowly removed in an inclined position to permit the excess zinc 
to drain off.   Further surface treatment is applied to preserve the bright 
metallic surface coating. 

Developments have been made to this process to speed it up by 
making it continuous.  The tubes are continuously dipped and removed from 
the baths using a series of inclined spiral-grooved rolls.   This development can 
handle tubes between 12,5 and 50mm in diameter, larger tubes continuing to 
be processed by the bath method. 

Bituminous coatings 

These coatings, based upon coal tars, asphalts and their derivatives, are 
applied to tubes as protective coatings against corrosion.   They are particularly 
used for underground applications, as they do not have good weathering charact- 
eristics when exposed to sunlight.   The coatings can be applied as a thick mastic 
or built up in thin layers, sometimes in a water based emulsion. 

19 «8      Production costs 

The costs of tube manufacture within the broad classification of seamless 
and welded tubes, is highly dependent upon the size being produced, and on the 
process route chosen from amongst the alternatives which are technically capable 
of producing a particular type and size of tube. 

Typical production costs for welded and seamless tube plants are shown 
in Figure 19.3.   These costs include capital charges, but do not include a general 
works services element.   It will be seen that when the full economies of scale for 
each of the plants are reached, then the conversion cost of producing welded tubes Is 
approximately the same as that for seamless tubes.   However, when the cost of 
feedstock is taken into account, production of seamless tubes of this size is 
more economical than welded tubes at high outputs. 

In general, as the size of the tube is decreased the production cost advantage 
moves from welded to seamless tubes. 
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CHAPTER 20 - COATINGS 

20.1   Coated products 

The coating of thin flat products for protective or decorative purposes has 
always been of great importance to the steel industry.   Traditional coatings 
based upon tin and zinc are still being improved, whilst newer coatings such as 
aluminium and plastics are gaining in importance.    The present state of the 
major alternatives is outlined below:- 

Tingiate 

The production of tinplate has reached a stage of sophisticated engineering 
development in which the speed of operation, productivity and yields have been 
highly developed, and the existing demands of the tinplate user for a cheap and 
acceptable product have largely been met.   The production rate of the fastest 
tinning lines is now some three times as fast as lines ten to fifteen years old, 
and the current limitations on the maximum speeds result from the problems 
of supplying the line with coils,  removing them from the finishing end, and the 
process limitations of dragging out the tinning solution at high line speeds. 

"Ilnfree steel (TFS) is becoming a contender to tinplate, due to its 
comparative cheapness,   TFS coatings use ultra thin layers of chromium and 
chromium oxide, and are completely interchangeable with tinplate for almost 
all applications.   The use of these coatings has advantages over a tin coating 
inasmuch as the price of chromium has been much more stable than that of tin. 
This has led the can producers in the USA,who are the largest users of tinplate, 
Increasingly to demand TFS; this has forced many of the tinplate producers to 
install TFS lines.   TFS lines are very similar to the modern tinning lines, and 
most tinning lines currently being installed are capable of producing both 
tinplate and TFS. 

Galvanising of flat products has traditionally been carried out in large 
quantities for general purpose sheeting and roofing.   The most common method 
of production is by hot dipping;   however,electrogalvanised sheet is being 
produced in small quantities.   This latter method produces a very thin coating 
which is not generally acceptable to most users of galvanised sheet, but it may 
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find application in markets which are currently using uncoated sheet, for 
) example for certain parts produced in the automobile industry. 

Organic coatings 

Organic coatings on a galvanised strip base are finding an increasingly 
large market particularly for such items as decorative side wall cladding.   They 
have the advantage of a long life without maintenance - up to 15 years in some 
cases. 

20.2 Tinplate 

Feedstock preparation 

Hot strip for tinplate is frequently made approximately 1000 mm wide.   To 
obtain a good profile it is best rolled on a 1500 mm mill with a roll crown of 
approximately 0.075 mm. 

fc The hot strip, usually 0.175 - 2.5 mm thick, is then descaled by pickling 
either in hydrochloric or sulphuric acid, although hydrochloric acid may give a 
cleaner material.   There is a trend towards the use of hydrochloric acid in 
pickling lines partly because of the high line speeds it makes possible, and 
partly because of the high cost ($0.24 - 0.36 per tonne of pickled strip) of 
recovering the sulphuric acid. 

Shot blasting has been examined as a descaling process, but abrasive 
•ystems are very costly.   Acid processes will certainly remain the standard 
for the next five to ten years.  Rolling in controlled atmospheres may become 
more important in the long term and this could make pickling unnecessary. 

After pickling the hot rolled strip is cold rolled.   Most cold reduction, 
to 0.0175 - 0.0190 mm, is undertaken on 5 or 6 stand four-high mills with work 
rolls of 450 - 625 mm diameter and back up rolls of approximately 1250 mm 
diameter.   Single stand reversing Sendzimlr mills are In use for small outputs. 

ft 
After cold reduction the tinplate is de-oiled by passing through an alkali 

cleaner, and annealed. 

Many tinplate lines still operate with batch annealing plants, but these are 
quickly giving way to continuous annealing.   In the USA 50 to 60 percent of 
tinned strip is continuously annealed, and whilst in the UK the figure is only 
30 percent, it is acknowledged that annealing capacity represents a production 
bottleneck. 

Continuous annealing carries several production advantages over batch 
annealing.   It is possible to use a coil of any size and the batch annealing 
problems of sticking and of damaged strip edges are absent. 

Drawing quality steels which are required to be fully soft are still usually 
| batch annealed.   There is a move away from multiple stack batch annealers 
* A towards the single stack;   this has been prompted by the requirement for larger 
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coils which simplify the fully continuous operations that follow. 

Although continuous annealing is clearly more economical, there is 
sometimes a conflict with the requirements of the canmakers, as some can- 
makers prefer the very soft tinplate produced by batch annealing because it 
simplifies the canning works machine requirements. 

Before passing to the tinning line, the strip is temper rolled in a 1 or 2- 
stand four-high mill very similar in construction to the cold reduction mills. 

Tinning 

Before tinning the coils are welded together since electrolytic tinning is a 
fully continuous process.   There are two main forms of electrolytic tinning.  The 
"Ferrostan" process uses vertical tanks in which the strip descends into the 
tank between electrodes, loops around a bottom roller and rises again between 
electrodes.   A pheno-sulphonic acid electrolyte is used. 

The second, more modern method, known as the "Halogen" process, employs 
horizontal tanks in which the strip runs across the tank above the electrodes and 
is plated on one side only.   A fluoride/chloride electrolyte is used.   In both 
processes, the strip passes through a number of tanks in sequence - up to eight 
in some plants, and in the Halogen process the two sides are coated by turning 
the strip over part way along the line.   Different thicknesses of plating and 
differential plating, where the coating on one side is thicker than on the other, 
are no problem on modern Halogen lines;   they are simply 'dialled' up. 

At present approximately 70 percent of world electrolytic tinning is carried 
out in Ferrostan plants, but there seems to be a trend towards the more costly, 
but faster, Halogen plants.   The fastest Halogen plants operate at approximately 
11 metres per second and Ferrostan plants at 8 - 9 metres per second. 

The tinning is followed by washing and a flow-hearing operation in which the 
matt white electroplated tin is melted by induction or resistance heating to 
a temperature just above the melting point of tin.   Resistance heating plant is 
more common, being considerably cheaper than induction heating. 

The plating operation is concluded by passivation in tanks of chromic acid 
and then electrostatic oiling.    The thin chromium oxide film gives added 
protection and assists painting.   The finished strip may be sheared or coiled 
according to the needs of the customer. 

Tinning rates have progressively increased over the last few years as 
engineering refinements have been introduced into new plants.   Ferrostan plants 
are now capable of depositing coalings at approximately 250 x 104 m2 per week 
compared with approximately 150 x 104 m2 per week a few years ago.   The 
recently installed Halogen plants are slightly faster than the most modern 
Ferrostan plants, operating at approximately 300 x IO4 m2 per week.   Line 
speed is limited by the problem of drag-out of electrolyte which appears to 
increase as the square of the line speed.   At present the techniques are not 
developed to the point where faster line speeds are possible, and it is unlikely 
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that the speeds of the most modern lines will change much during the next five 
years. 

When installing an electrolytic tinning line it is common practice to leave 
gaps in the line so that additional stages may be added at a later date.   In this 
way it is possible gradually to expand the capacity of the plant over a wide 
range of outputs and so avoid the problem encountered in iron and steelmaking, 
with large unit sizes. 

Double jreduced tinplate 

Double reduced tinplate (DRTP) was developed to meet the need for a high 
strength sheet, but with a low thickness, and consequently at low cost.   The 
main difference between DRTP and conventional tinplate is that instead of being 
temper rolled prior to tinning the double reduced strip is given a cold reduction 
of one third to bring the maximum yield strength up to about 7 kg per cm^ at a 
thickness of approximately 0.150 mm.   The strip has a markedly lower 
formability, but is still suitable for canmaking.   Double reduced tinplate is 
growing rapidly in importance. 

20 .3 Tin free steel 

I 

The processing of tinfree steel is basically the same as Ün coating. 
However, because the coating is much thinner (1/20 - 1/40 micron) it makes 
greater demands on the surface finish of the strip.   There are several methods 
of producing the film, which all involve the electrolytic disposition of chromium 
metal or chromium oxide   or both,   the oxide coating method being the simplest. 

Most tinfree lines are in fact dual purpose tinplate and TFS lines.   Some 
make provision for using the same tanks for both solutions and have separate 
piping systems.   This is an inferior and, in the long run, more costly method 
than employing separate tanks and running the strip above the tanks not in use. 
A change from tinplate to TFS takes about 8 hours with a separate tank system, 
but 24 - 30 hours with a common tank system. 

When installing a tin coating line, consideration should be given to leaving 
•ufficient gaps to enable the requisite parts of a TFS line to be installed later 
if required.   Tin is a scarce product, and is largely irrecoverable from scrap 
products.   Eventually the price may increase to the point where TFS is likely 
to take over in most parts of the world, but this will not happen within the next 
decade.   It is thought that one reason why TFS grew rapidly in the USA was 
because the tin producers had allowed the price of tin to fluctuate widely. 
Certainly TFS has had the effect of stabilising tin prices. 

There might also be advantages in installing a cold reduction mill instead 
of a temper mill where double reduced tinplate is likely to be required at a 
later date. 

A list of tin free steel plants in the USA and Canada is given in Table 20.1. 
20.4 Galvanised strip 

Galvanised strip manufacture is relatively insensitive to surface condition 
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and departures from steel specification.   Much steel is rejected because the 
alloying elements are not within the required limits, but usually this does not 
matter for the applications requiring galvanised strip, and galvanising plants 
often make use of rejected black strip. 

Most galvanising is done by hot dipping, and there seems no likelihood of a 
change in the process during the foreseeable future.   The strip, usually thicker 
(0.40 - 0.625 mm) than for tinplate, is annealed and then cooled to the point 
where it is in equilibrium with the hot zinc bath.   Immersion time is short, 
2-4 seconds, and llie coating thickness is controlled on emergence by contact 
rolls, or in more modern lines by air or steam jets.   On modern lines the heat 
treatment atmosphere is adjusted so that the lubricating oil is removed, but the 
strip surface is not oxidised.   Stretch levellers are now used at the end of the 
line to control distortion. 

Sheet distortion, lack of zinc adhesion and edge build up cause difficulties 
at hot dip galvanising plants, but in general a high level of skill is not necessary 
to achieve satisfactory results. 

Whilst old lines may work at 0. 5 metres per second, recently installed 
lines operate at around 1.6 metres per second.   The effect of all the current 
developments may be to increase line speed eventually to 3 - 4 metres per 
second, but few such plants are likely to be installed within the next few years. 
Simple, low speed plants are, however, available at low cost. 

Output of electrogalvanised sheet is growing, but not as fast as for hot 
dipped.   Electrogalvanising is a costly process and requires a lot of electricity. 
The process results in a deposit about .0075 mm thick - only one third that 
of hot dipped galvanising.   There is a possibility of electrogalvanised steel 
replacing uncoaicd steel in some applications, possibly in parts for the auto- 
mobile industry. 

Galvanising of pipes and tubes has been discussed in Chapter 19, Article 19.7. 

20.5 Organic coatings 

Organic coatings are laid on a hot dip galvanised liase.   They combine the 
attraction of a coloured finish with the corrosion resistance of galvanising.   In 
moderate atmospheric conditions they will last 15 years before repainting is 
necessary, and provided they are painted every five years they should last 
indefinitely.   Most of the output goes into external building construction - at 
least 60 percent in the UK, 75 percent in the USA, and 85 percent in Japan. 
There has been a particularly rapid growth of organic coating in Japan where 
26 lines are now in operation producing about 1 mtpy of products. 

The process commences with a severe brushing of die galvanised sheet 
by plastic thread reinforced with nylon or stainless steel to remove some of the 
zinc coating.   This is followed by a chromic rinse to passivate the exposed zinc. 
Next the first coat of paint is roller-coated on and partially stoved at 
200-220°C for 10 - 15 seconds.   Then the top coat is rolled on and the whole is 
cured at 200-220°C for 35 seconds.   The finish is then cooled and perhaps 
embossed. 



^ 

24t 

In the UK, Pv'C-plasticols about 0.25 mm thick are usually used for the 
coating, but in the USA the greater exposure to sundiine has led to the use of 
acrylic coatings about 0.025 - 0.050 mm thick. 

Many existing lines run at about 0. 5 metres per second, but the most 
modern lines run at 1 - 3 metres per second.   There is no technological reason 
why the lines should not run at much faster speeds, and it is anticipated that 
new lines will run at 4 - 5 metres per second during the next few years.   The 
organic coating market naturally demands a multiplicity of colours.   Changing 
the colours on the line is a very time consuming operation, as it is essential to 
clean all the parts of the line thoroughly.   This fact causes considerable lost 
production and great variability in the daily output. 

Successful operation of these liquid-based lines requires great skill on the 
part of die operators.   As in parts of the paint industry, colour matching is 
best achieved by the eye of a skilled man;  witii experience, such a man can 
even produce a new finish which will exactly match a service-faded earlier 
product. 

About 80-90 percent of die organic coated steel is made using liquid-based 
processes.   The remainder is made by rolling a preformed strip onto an 
adhesive base on the steel.   The latter method, of which 'Stelvetite' is an 
example, is more expensive because of the cost of the preformed strip, but it 
allows a wider range of patterns on the finished product, and it is easy to change 
colour.   The liquid-based processes are likely to grow more rapidly than those 
based on preformed sheet. 

Organic coatings for pipes and tubes have been discussed in Chapter 19, Article 19. 7. 

20.6 Other coatings 

Lead 

Lead coating, known as 'Terne' in the UK, finds its chief application in 
automobile petrol tanks.   The technology is basically the same as for zinc 
coating, and it is not likely to change much in the foreseeable future. 

Aluminium 

Alumlnised and aluminium clad steel sheet has good corrosion resistance at 
high temperatures in atmospheric and sulphurous environments.    It h«s found 
extensive application in radiators for central heating systems, vehicle exhaust 
systems and high temperature furnace components.    Aluminium coatings are 
also finding an increasing use in general outdoor applications such as decorative 
cladding, where they have a life 3-4 times longer than the equivalent galvanised 
coating under the same corrosion conditions. 

The continuous hot dip process is most commonly used despite much effort 
to develop alternative production methods.    The maj or problem encountered in hot 
dipping is the formation of a brittle Fe-Al compound at the interface with the 
substrate, and this can cause problems during subsequent forming.  Armco have 
developed a process which overcomes many of the problems of hot dipping.    In 
this process the strip is first heated to about 450 C in an oxidising atmosphere to 
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burn off grease and other contaminants, and at the same time to form a thin oxide 
layer.    The strip then passes to a reduction furnace at about 800°C, using dry 
cracked ammonia as the reductant.     This converts the oxide layer into a highly 
reactive iron layer.    Whilst still being maintained in a reducing atmosphere 
the strip is cooled and passed through the aluminium bath.    The strip leaves the 
bath moving vertically and passes through a pair of rollers, air jets, or gas 
wiping, to control the coating thickness. 

The technique used in the latest BSC line at Shotton is based upon research 
undertaken by DISRA into the dry deposition of aluminium powder followed by 
sintering.   This process allows a greater flexibility such as differential coatings 
in the product produced, and at the same time overcomes the problems of the 
Fe-Al brittle interface. 

A number of producers operate dual purpose aluminising/galvanising lines, 
but such installations are far from ideal due to the need to change the molten 
metal bath, line speeds, and other process parameters. 

There are between ten and fifteen world producers of continuous aluminised 
and aluminium clad steel strip.    Most of these are located in the major steelmaking 
countries - France (Ziegler), Japan (Nippon, Nisshin and probably NKK), UK 
(BSC and Coated Metals), USA (Armco, Inland and USS) and West Germany 
(ATH,Hoesch and Wickeder).   There is one plant in Latin America - Armco 
Argentina,Saic.    The total installed capacity of aluminising lines is nearly one 
million tonnes per year*.    Whilst this capacity is small compared with that of 
the more traditional surface coatings, it indicates the importance that has been 
attached to this product in the relatively short time it has been commercially 
available,   and it is known that a number of other steel companies are investigat- 
ing the possibilities of aluminising installations. 

20.7 Long term future 

Tinplate and tinf ree steel are technologically the most advanced of the coating 
processes, and the manufacturing procedures are very similar.   It is necessary 
today to link the planning of tinplate and tinfree steel production, and even where 
there are no immediate plans to manufacture tinfree steel, possible future 
requirements should be taken into account when installing the tinplate line. 

Where markets are not ready to accept tinfree steel, or there are other 
reasons why tinplate is preferred, the similarities between the production of 
TFS and tinplate make it possible to invest heavily in tinplate production, safe 
in the knowledge that the plant can readily be used for TFS when the time comes. 

The most critical factor in manufacture of both tinplate and TFS steel is the 
surface condition of the steel strip supplied for coating.   The development of 
Improved techniques for surface preparation is therefore likely. 

In the long term it is likely that ultrathin coated steels will be developed and the 
possibility of markets for 0.025 mm sheets is being explored.   Such a material 
will probably be heat treated to produce very high strength.   This development 
Is not expected to have any significant impact within the next ten years. 

Metal Bulletin Monthly, July 1972 
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CHAPTER 21 - THE PRODUCTION OF SPECIAL STEELS 

21.1 Production Ci liquid ateel 

The major processes for the production of common steels were discussed in 
detail in Chapters 12 and 13. All these processes with the exception of the tasto 
Bessemer or Thomas process, can also be used to produce special steels.  One 
further process   which is particularly appropriate to very small lot sizes is the 
electric induction furnace. 

The bulk of the special steels produced come under the category of austenitic 
stainless steel (covered by the AISI 300 series) whi^h contain an appreciable quantity 
of nickel.    These steels have for many years been manufactured in electric arc 
furnaces and this process is particularly suitable for stainless steel manufacture. 
Growth in demand led to investigations into alternative processes for bulk 
production, and the BOF process has been utilised to produce certain qualities of 
austenitic stainless steel and some of the high chrome AISI 400 series steels, * 
whilst some of the high nickel cryogenic steels have been produced in open hearth 
furnaces.    However the recent growth in size of electric arc furnaces together with 
greatly increased power inputs has reduced the capital costs of electric arc bulk 
steelmaking.    These developments were originally related to the production of 
ordinary quality steels where large batches and large outputs were commonplace, 
and a number of electric arc shops exceeding one million tonnes per annum capacity 
have been built.    Similarly some large shops specially designed for the bulk 
production of stainless steels have been erected in countries where demand for 
stainless steel has shown strong growth, for example, in Europe. 

The use of BOF and electric arc steel plants together as a duplex process finds 
some application for special steelmaking.    The processing of special steels in the 
BOF requires a long operating cycle to achieve the necessary control of metal 
composition.    An advantage of duplexing is that there is no need for delays in 
BOF processing.     The BOF acts as a pre-refiner and the liquid steel is then charged 
to an arc furnace for final refining.    Small quantities of special steels can be made 
in a large works producing ordinary steels at lower costs using this technique than 
in a normal arc furnace installation.    Electrical power consumption is low, for 
example in the 60 tonne duplex plant at Lorraine, France, it is 120 kWh per tonne 
of steel. 

* R.F. Carlson and R.B.Shaw, Iron and Steel Engineer 49, 53 (1972) 
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The most important factor influencing the choice of steelmaking method is 
usually the lot size, but whereas variation in conversion costs is central to the 
selection of steelmaking processes for common steels, it is less important in 
the case of many special steels due to the high cost of the materials.   Moreover, 
in the manufacture of special steels re firn-ng takes on an enhanced importance, 
due to the close specifications demanded.   Thus the choice of an appropriate 
refining process for special steels is influenced less by the plant operating costs 
than by the technical requirements.   These in turn are dictated mainly by market 
considerations through the quality and quantity requirements, but also partly by 
the plant available for steelmaking and casting. 

The discussion below will cover aspects of refining which are applicable to 
common steels and to the more common special steels as well as techniques 
which are only applicable to the highly specialised steels. 

21.2 Steel refining 

The quantities of dissolved alloying elements, dissolved gases and inclusions, 
and die form which they take in the final product, are the factors which determine 
the properties of a steel.   These will be influenced by the entire process route, 
but are largely controlled when the liquid steel is refined.   Refining usually 
takes place in the ladle but can be carried out whilst the steel is in the furnace 
as in the case of special steels made in an induction furnace, or even in the 
mould as for ingot mould degassed steel. 

Two distinct, but often overlapping, operations are involved in refining steel 
to ensure that the final product has the desired composition.   The first is the 
reduction to the desired level of those elements which are present in excess, 
and the second is the addition of those elements of which there is a shortage. 

These operations may involve the following treatments: 

Addition of alloying elements 

Addition of deoxidisers 

Physical gas extraction 

Removal of non-meta Hie inclusions 

Removal of metallic and non-metallic elements. 

These treatments have been considered in turn below. 

21.3 Addition of alloying elements 

The material containing the elements to be added may be charged to the 
furnace bath or added to the steel in the ladle, or bodi, depending on which 
elements are to be added and which steelmaking process is involved. 

For ordinary quality and low alloy steels, relatively small quantities of 
carbon, manganese, silicon and chromium are added to the steel in the ladle in 
the form of carbon ferro alloys.   Some of the manganese requirement may be 
added to the bath during steelmaking in the form of low grade ferro manganese, 
the balance being added to the steel in the ladle.   The stirring action obtained 

» 
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by pouring the superheated steel into the ladle, together with convection, is 
usually sufficient to mix and dissolve the additions thoroughly. 

When the larger quantities of alloying elements are required, it is 
necessary to charge them into die furnace to ensure complete melting and mixing 
before tapping.   Some elements such as copper and nickel are invariably charged 
into die furnace as there is little or no loss to the slag.   Others such as 
chromium involve a high loss to the slag, even though care is taken to minimise 
this loss. 

The cost of furnace additions can be greatly reduced by selecting the 
cheapest source of the element to be cnarged, even diough it may be contamin- 
ated with elements which then have to be removed.   Examples of this are the 
addition of high carbon ferro chrome and raw chrome ore to make high chromium 
steel, and recently the use of nickel oxide and nickel sinter to charge to the 
furnace rather than metallic nickel, although the process then involves the 
reduction of the oxides to the metallic element. 

The yield of alloying element«, that is, the percentage of the element added 
which finishes up in the liquid steel, is largely affected by the degree of 
oxidisation of the steel when tapped and the amount of slag remaining on the 
steel in the ladle, together with the lime in the process at which the additions 
are made. 

21.4 Addition of deoxidisers 

Deoxidisers are primarily added to combine with the oxygen in order to 
prevent or reduce the release of carbon monoxide during solidification of the 
steel.   The commonest deoxidisers are silicon and aluminium which react with 
the oxygen and other elements to form complex silicates and aluminates which, 
because they are insoluble in the steel, form non-metallic inclusions and so 
whilst removing oxygen also reduce the 'cleanliness' of the steel.   A number 
of alloying elements are also good deoxidisers and also form insoluble 
compounds, thus reducing the yield of alloying elements.   Careful control 
of oxidation prior to alloying or deoxidising is therefore of paramount 
importance in the production of special steels, particularly where a high 
degree of cleanliness is specified. 

21.5 Physical gas extraction 

The combination of dissolved oxygen with deoxidisers may be regarded as 
a chemical method of oxygen removal.   Physical methods of removing oxygen 
and other gases have been developed and are now finding increasing application 
in particular for special steels, as tìiey produce a 'clean' product.   These 
methods are vacuum degassing, of which there are a number of variations, and 
gas flushing. 

Vacuum d_egassing 

Vacuum degassing was developed for degassing large quantities of steel 
after the change from acid to basic open hearth steelmaking practice resulted 



/ 

^ 
246 

in the production of steel containing increased quantities of hydrogen, which 
was particularly detrimental to the production of large forgings.   Vacuum 
degassing proved invaluable in the treatment of such steels and the technique 
simultaneously demonstrated die ability to remove oxygen, to reduce the 
number of inclusions present and to save on solid deoxidants and alloy additions. 

Once the potential of vacuum degassing was realised, a range of plants was 
evolved with facilities for heating, stirring and alloying steel whilst undergoing 
vacuum treatment.   The rapid improvements in the technology of pumping 
permitted the process to be applied on a commercial scale around 1955, and 
in the following ten years some two hundred degassing plants were built. 
Growth in the use of vacuum degassing is continuing, and while there are now 
more than a dozen different types of plant, these may be classified into the 
four process groups - ladle degassing, stream degassing, circulation 
degassing and ingot degassing. 

Ladle degassing: 

In this process, the ladle of steel is placed in a vacuum chamber 
which has provision for making ladle additions, and the steel is 
heated and stirred by the use of induction coils.   Alternatively, the 
steel may be stirred by a stream of inert gas, usually argon. 
Adequate stirring is important to ensure thorough mixing and 
solution of alloying elements, and to obtain uniform temperature 
in the steel to prevent stratification.   The agitation also ensures 
that fresh steel is continuously brought to the surface and subjected 
to the vacuum. 

An example is the ASEA-SKF process which was developed to 
produce bearing steels having qualities equivalent to those produced 
by the acid open hearth process.   The system has been widely 
adopted in the USA, Sweden, Brazil and Italy;   further plants are 
scheduled for Britain and Spain.   The ASEA-SKF process has been 
used in conjunction with the SKF-MR double furnace (Chapter 13, 
Article 13.2) in the SKF plant atHallefors in Sweden since 1971.* 

Stream degassing: 

In this process group the steel is poured in a stream under 
vacuum.   The stream of steel breaks up into small droplets in 
the vacuum which increases the rate of degassing by exposing a 
large surface area.   The most recent stream degassing processes 
involve tapping the steel from the furnace directly into an evacuated 
casting ladle and so dispensing with the normal vacuum chamber. 
The steel from the furnace is poured at a controlled rate into a 
tundish situated on top of the sealing lid of die ladle.   It then passes 
through a stopper and nozzle assembly directly into the evacuated 
ladle, from which it is teemed into ingots in the normal manner. 
Alternatively, the steel may be stream degassed directly into ingot 
moulds which are in a vacuum chamber. 

• Iron and Steel, April 1972 
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Circulation degassing: 

ti 
The two main processes used are the Dortmund Morder or DU process 

and the Rheinstahl Hüttenwerke or RH process.    In the DH process a vacuum 
chamber fitted with one vertical barometric leg is used.    When the leg is lowered 
into the steel in the ladle, the steel rises up the leg and flows into the chamber, 
where it is degassed.    By raising and lowering the chamber this process is repeated 
with about 25 percent of the steel entering the chamber in each cycle.    Good mixing 
is obtained with the steel repeatedly flowing tack into the ladle.    In the RH process 
the steel circulates hack into the ladle on a continuous basis.    The apparatus uses 
two barometric legs connected to the vacuum chamber.    The steel is induced to 
flow up one leg into the chamber, where it breaks into droplets, and back down the 
other leg into the ladle.    Argon is introduced into the rising leg to assist the flow 
of the steel by lowering the density in this leg.     The flow rate can reach 20 tonnes 
per minute.    Both processes can degas a heat of steel in about 20 minutes and both 
have the facilities to make alloying additions, and to heat the steel during processing. 
In another circulating process,   termed 'continuous degassing', the steel flows 
through the vacuum chamber via two barometric legs and then directly into the ingot 
mould or continuous casting machine.    The time taken to cast incorporates the time 
to degas and is the same as for casting ordinary heats. 

Ingot mould degassing: 

This process has found only limited application but can be particularly useful 
for the production of small quantities of vacuum degassed steel, since the capital 
cost of the equipment is low for small outputs.   In this process individual moulds 
are fitted with a vacuum lid which is sealed on after teeming the ingot.    The lid is 
then connected to the vacuum pumping system, which maintains a reduced pressure 
over the ingot during solidification. 

Costs of vacuum degassing : 

For circulation degassing plants the capital costs vary from about $5, 000 per 
tonne of ladle capacity for 100 tonne ladle plants, to $3, 000 per tonne of ladle 
capacity for 400 tonne ladle plants.    The capital costs of ladle degassing plants vary 
widely according    to type and size of unit.    The minimum cost for a unit to process 
bulk steels is of the order of $0.25 million rising to about $1.25 million for a large 
unit. 

Operating costs also vary widely because of the variation in utilisation and 
different manning requirements.   For circulation units with outputs of 500, 000 tonnes 
per year and upwards, the operating cost is in the range $1 to $3 per tonne in excess 
of that for normally tapped and cast steel.   This figure takes account of the reduced 
yield and the benefit gained from the reduced need for ladle auditions.   A typical 
operating cost for a 100 tonne ladle plant would be $2 per tonne for outputs of more than 
100, 000 tonnes per year.   The capital cost of such a plant would be of the order of 
$0.6 million, and hence the comprehensive cost of treatment including capital charges 
would be in the region of $3 per tonne. 
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Gas flushing 

In addition to using vacuum techniques to extract gases physically, a much 
cheaper method, gas flushing, has been developed in which argon is bubbled up 
through the steel in the ladle.   A refinement of this process specifically developed 
for processing stainless steels is the argon/oxygen decarburising method in which 
an argon/oxygen mixture, which can be continuously varied, is used to decarburise 
stainless steel in the ladle, with very little chromium loss. 

Argon/oxygen decarburising was developed in the USA by the Union Carbide 
Corporation in 1969.   When the melt leaves the arc furnace it is analysed and 
the slag is removed before it passes to the decarburising plant.   In this unit the 
mixture of argon and oxygen is blown into the melt from low down at the sides. 
Initially the mixture is 75 percent oxygen, but when enough carton has oxidised 
for the chrome also to start to oxidise, the mixture of gases changes first to 
half and half, and then to two-thirds argon.   The final carbon content is less 
than 0.05 percent.   Additional processes remove any remaining oxygen and 
chrome is reclaimed from die slag.   The British Steel Corporation has converted 
its electric arc furnace at Panteg, S.Wales, to argon/oxygen decarburisation. * 

The Alleghany Vacuum Refining (AVR) process of vacuum decarburisation 
consists in oxygen flushing below the surface while the melt is held under 
reduced pressure in an atmosphere of carbon monoxide. ** 

21.6 The removal of non-metallic inclusions 

The physical properties of steel are affected by the number and size of the 
non-metallic inclusions present, that is the cleanliness, and also the shape of 
these inclusions.   The inclusion count is only specified for certain special steels, 
but this does not mean that the cleanliness of ordinary quality steels is unimpor- 
tant.   As all steel freezes inwards from the sides, segregation of some elements 
and compounds occurs in the centre of the cast product and the resultant concen- 
tration of non-metallic inclusions may produce unacceptable ingots. 

The origins of inclusions in the cast product vary according to the steelmaking, 
refining and casting processes used, and it is as important to prevent inclusions 
from being formed in die steel as it is to remove the inclusions once they are 
present.   As all non-metallic inclusions are lower in density than liquid steel, 
given sufficient time they will float to the surface, and so the time allowed for 
refining in die furnace or ladle has an important effect on the inclusion content. 

Large inclusions, which are usually considered more detrimental than small 
ones, float to the surface more readily and therefore tend to be less common than 
small ones, especially when the standing time of die liquid steel is considerable. 
Most small inclusions are the product of deoxidisation, and are thus greatly 
affected by the oxygen level of the steel prior to additions being made.   Careful 
refining in the steelmaking furnace and vacuum degassing to lower the oxygen 
content are two ways to reduce inclusion contents. Furthermore the extended 
refining time in the degassing process also helps to remove inclusions. 

Circulation in the ladle, resulting from either natural or induced convection, 
can significantly reduce inclusions as long as a liquid slag layer is present to trap 
the small non-metallic particles.   Slag washing, (the Perrin process) in which 
a prepared slag is poured into die ladle either before or with die steel, is 
basically used for the removal of sulphur and phosphorus and for deoxidising, but 
a large reduction of the inclusion level can be obtained with this process. 

* New Scientist, 23 March 1972. 
** V.P.Ardito and R.B.Shaw. Iron and Steel Engineer 49, 58 (1972). 
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21. 7 Removal of undesirable  metallic and non-metallic elements 

A 

Liquid steel in the steclmaking furnace will have various tramp elements 
dissolved in it, the particular elements and their concentration depending on the 
source of the charge and the steclmaking practice.    The difficulty of removing 
these elements when introduced into the charge via contaminated scrap or pig 
iron is such that in many cases the most economic solution is the careful 
purchase of materials and sorting of scrap in order to limit the level of tramp 
elements charged to the furnace. 

The liquid steel can be processed in the ladle in order to reduce substantially 
the unwanted elements dissolved in the steel.    Reactions with solid ladle additions, 
or with molten slag such as in the Perrin process mentioned above, will form 
compounds which then come out of solution, float to the surface and arc trapped 
in the slag during mixing. 

21.8  Special techniques 

To make steels with very high performance figures for creep, tensile strength, 
fatigue resistance,strength impact etc. it is necessary to refine the steel to a much 
higher degree of purity than can be achieved by any of the methods described above. 
A number of techniques have been developed to meet these requirements.     They are all 
expensive to operate and, in general, as the degree of purity of the steel increases 
so does the cost of producing it.     Four of the teclmiques are described below; the 
first two,  vacuum melting and remelting, and electroslag refining are in relatively 
common use whilst the other two, plasma arc melting and electron beam melting 
are recently developed processes. 

Vacuum melting and vacuum remelting 

In vacuum melting a high frequency induction melting furnace is contained in a 
vacuum chamber which is equipped to enable ladle additions to be made and samples 
and temperatures to lie taken.    The steel produced is cast into an ingot mould 
which is also situated in the vacuum chamber.    By careful selection of the charge 
constitutents and by the extraction of gases, very pure alloy steels can be produced. 
The main drawbacks to the process arc that while plant capacities in Britain for 
example, are at present limited to 10 tonnes, with correspondingly small outputs, 
conventional ingots are produced with all the disadvantages associated with segre- 
gation in complex alloys. 

A large proportion of the output of this process is re-melted, either in vacuum 
induction furnaces for the production of ingots and castings, or in the consumable 
electrode vacuum arc melting process (CEVAM).   The latter process,  in which a 
DC arc is produced between the consumable ingot electrode and the steel in tne 
water cooled copper mould under vacuum, was originally developed for remelting 
titanium alloys and was adopted for the production of special steel ingots in the late 
1950's.   Ingots up to 1500 mm diameter and 3000 mm in length can be produced but 
the process is slow, up to 12 hours being required for the larger ingots, and hence 
outputs are also limited. 
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Vacuum arc remcltcd ingots have a homogeneous structure and are completely 
free from segregation.     The oxygen content can be reduced by more than 50 percent 
during rcmclting ami inclusions above 10 microns diameter can be more or less 
completely removed from most steels.    Smaller inclusions can be reduced by more 
than 50 percent.   Whilst the resulting steel shows improvements in all the normal 
measured physical properties, the most important benefit is the consistency and 
reproducibility of batches of special steels. 

Electroslag refining 

The electroslag refining process (ESR) was developed in the USA about 
30 years ago but it has only recently been utilised to any great extent.    The steel 
to be refined, in the form of a consumable electrode, is melted in a pool of 
calcium fluoride-based slag bv a current which passes from the electrode   through 
the slag and the refined steel to a copper mould.    The steel is melted by the heat from 
the slag pool and forms droplets which sink through the slag.   Refining takes place 
in the slag, and the droplets solidify in a water cooled, copper mould.     The manner 
in which the ingot is formed - continuous solidification at the curved liquid-solid 
interface between the steel and slag - produces a steel which, unlike others, is 
isotropic in its physical properties. 

In general the level of oxygen, sulphur and non metallic inclusions are all 
reduced, while those; inclusions remaining are consistently small and evenly distributed. 
The process has recently been improved by the use of movable moulds,  which travel 
up the ingot as it is cast.   This is a development of the Russian electroslag welding 
process in which the molten weld metal is contained between two water cooled travelling 
copper shoes.     Ingots up to 24 tonnes and 1100mm diameter can be produced. 

Up to 1970 about three quarters of the world's ESR capacity was in the USSR 
but recently western countries have adopted the process to replace some refining 
and vacuum refining operations.    The product is not deoxidised as completely as 
in vacuum arc refining, but similar inclusion counts can be obtained. 

Plasma arc_melting_ 

Plasma jets, produced by heating gases such as argon to extremely high 
températures by means of electric arcs can be used to conduct high currents into 
a furnace charge.   The charge can thus be melted in an inert atmosphere.      When 
this method is coupled with induction melting in a plasma arc induction furnace, 
It is claimed to be able to produce steels to vacuum induction process standards. 
Tne process has been developed in USSR for the production of super performance alloys." 

Electron beam melting_ 

This is another specialized technique applicable to melting and refining of 
steels which depends on the melting and superheating of the steel in a vacuum.   The 
most recent commercial version melts the steel in an induction furnace which taps 
it into a holding furnace.    The holding furnace then pours the steel at a controlled 
rate down a cascade of hearths into a tundish feeding the ingot mould.   The whole 
of the operation is carried out under high vacuum and electron beams are used to 
raise to a high temperature the surface of the steel in the hearths as well as to 
keep the top of the ingot molten whilst it is continuously cast. 

* Metal Bulletin, 5750, 36, 14 Nov. 1972 
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Focusing electron beams on the surface of the steel is stated to facilitate 
the volatilisation of unwanted metallic elements, in particular, lead and tin. 
The process is also said to reduce the inclusion count to an extremely low level, 
and at present can produce ingots of up to 10 tonnes. 

^ 

Costs and choice of process 

The comprehensive cost of remelting ingots by vacuum arc is very similar 
to the ESR process cost;  both are approximately $360 per tonne of product. 
This figure includes capila] charges and other overheads.   The choice between 
these two processes, therefore, depends on the quality of the alternative products 
and the use to which they are to be put.   The clectroslag process is probably the 
best for larger forging ingots and it is likely that the capital costs per annual 
tonne of output of the new moving mould installations will decrease as larger 
sizes are built.   A further advantage of the ESR process is that for some 
qualities of steel, ingots cast from the electric arc furnace but not under 
vacuum can be used as the electrodes, and this is considerably cheaper than 
using vacuum induction melted ingot stock. 

Costs are not available for plasma arc and electron beam melting.   Electron 
beam melting appears to be even more expensive than electroslag refining, and 
hence this process is only likely to be used for producing the limited number of 
steels which cannot be made by other methods. 

21.9 Trends in stainless steel refining processes 

Over the period from 1955 to 1971 most stainless steel was produced in the 
electric furnace by the oxidation-reduction process.   Total free-world annual 
ingot production of stainless steel reached 4.96 million tonnes in 1970, declining 
to 4.35 million tonnes in 1971. 

The successful development of pneumatic processes for stainless steelmaking 
is rapidly altering the role of the electric furnace;  it is now becoming an integral 
part of duplex practices for producing molten alloy charges for refining, using 
the argon-oxygen and vacuum recarburisation reaction processes and the BOF. 
In some cases, electric furnace smelting of ores and the blast furnace or cupola 
arc used to produce the molten charge.   The coreless induction furnace is an 
alternative method of producing the molten alloy charge but, as yet, no large 
induction furnace lias been installed for steelmaking purposes. 

A survey in 1971 (reported in 1151/E/602/4) indicated the following trends 
in pneumatic stainless steel production: 

Process 
Yearly ingot production (tonnes) 

1970     1975 (estimated) 

1. Electric furnace* -BOF (oxidation-reduction) 
2. Cupola - BOF (oxidation-reduction) 
3. Cupola - BOF - vacuum decarburi sa ti on 
4. Blast furnace - BOF - vacuum decarburisation 
5. Electric furnace - vacuum decarburisation 
6. Electric furnace-Ar/0„ decarburisation 
7. Induction melting, refining or vacuum 

decarburisation 

* Electric furnace smelting and melting. 

220,000 320,000 
3,700 90,000 

20,000 45,000 
45,000 435,000 
6,800 1,110,000 

63,000 1,635,000 

40,000 75,000 
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From the forecasts for 1975 it can be seen that electric furnace-vacuum 
decarburisation and electric furnace -argon/oxygen decarburisation arc expected 
to gain the most ground by the muidle of this decade. 

21.10 Casting special steels 

The casting of special steel ingots Li vacuum chambers has already been 
mentioned.   An alternative method of preventing oxygen pickup is to shroud the 
metal stream with an inert or reducing gas on its passage to the ingot mould.   A 
number of special steels, however, will tolerate die normal degree of oxygen 
pickup, and these may he cast in moulds in air in the normal manner.   As 
practically all special steeds are killed and are more valuable than ordinary 
steels, they are usually cast in hot topped moulds and can be covered with 
exothermic compounds to reduce die yield loss to a minimum. 

Virtually all special steels are suitable for continuous casting, and the 
improved yield obtained is particularly wordiwhile due to the value of die products. 

Irrespective of whether or not the steel has been degassed, protection from 
the atmosphere during continuous casting is of particular importance.   The 
methods used to ensure this are a combination of submerged refractory shrouds 
acting, in effect, as extensions of nozzles, slag coverings in tundishes and 
moulds, and argon gas shrouding of the tundishes and moulds.   It is important 
to keep the temperature of the steel being cast as constant as possible, and 
resistance heating of the tundish has proved to be an efficient and practical 
method of achieving this. 

Straight moulds are generally preferred to curved moulds for special steels, 
particularly since the latter result in a hi glie r inclusion content in silicon killed 
steels.   Large nozzle and stopper assemblies and argon flushing of nozzles are 
used to control the pouring of aluminium killed steels, and slag covering of the 
liquid steel in the moulds is used to trap inclusions.   An alternative, for the 
production of large size slabs and forging blooms, is pressure pouring 
(discussed in Chapter 15) in which precision graphite moulds are used. 

21.11 Rolling special steels 

The mechanical working of special steel after casting in general follows the 
pattern followed for ordinary qualities, but wherever differences occur they 
result in a lower production rate for specials than for ordinary steels.   Since 
diese lower rates are cumulative, the final outputs may be very small.   The 
main differences between the methods adopted for the two broad groups are 
related to the outputs required and produced, and the power required.   Most 
special steels are produced in very small lots compared with the batch size of 
ordinary quality steels, and therefore do not warrant the use of semi-continuous 
and continuous mills.   The power requirement is on average higher for special 
steel because many are appreciably harder even at die high rolling temperatures. 
This leads to smaller draughts when rolling special steels on mills designed for 
the production of ordinary quality steels with correspondingly lower outputs. 

In addition to lower output due to reduced draught and rolling speeds, the 
shorter lengths produced result in lower yields with a corresponding reduction 
in output.   The greatest effect on output, however, is the small batch sizes 
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required and the corresponding reduced availability of the mill due to repeated 
roll changing. A typical example is the regular production in one mill of over 
2,000 lxitches per year with an average batch size of less than 2 tonnes. 

The actual operating costs per tonne in these mills cover an extremely 
wide band largely because the high percentages of fixed costs strongly influence 
comprehensive costs when the wide range of outputs obtained for different 
products is considered. 

Stainless steel flat products 

The rolling of stainless steel strip and light plate is ideally undertaken on a 
semi-continuous hot strip mill.   The high output of such a mill relative to the 
demand in most countries means that the mill cannot normally 1x3 filled only 
with stainless and other special steels.   Nevertheless, an increasingly large 
proportion of the world's stainless steel strip is being hot rolled in semi- 
continuous mills, usually by hire rolling contracts or the equivalent.   Being a 
high value material, the cost of transporting stainless steel over appreciable 
distances can represent a relatively small proportion of the total cost, and 
this provides some flexibility with respect to the manufacture of slabs in one 
location, hot rolling in another, and even cold rolling and heat treatment in a 
third. 

However there are a number of hot strip mills which are suitable for small 
outputs, and are therefore relevant to stainless steel.   These have been 
discussed in Chapter 17. 

Although opinions may differ, it is considered that whilst the Sendzimir 
planetary hot mill may have a place for narrow widths, it is less suitable for 
the widths in which stainless steel is commonly rolled.   Moreover, it appears 
to be limited in respect: to die metallurgical specifications that it can success- 
fully roll. 

The Steckcl   single stand reversing hot strip mill has for many years been 
used to hot roll much of the world's stainless strip.   As the market increased 
in the USA and Germany, there has been a trend towards hire rolling on 
continuous or semi-continuous mills.   However, in the UK, in Sweden, in 
Canada, and to some extent in Japan, Steckel hot rolling continues.   In fact the 
Steckel hot mill has recently taken on a new lease of life as regards its 
capability.   Its shortcoming previously was that, due to its method of re-heating 
the coil in 'hot boxes' on either side of the mill, the ends of the coil received 
less reduction due to temperature variation, which in spite of the use of 
automatic gap control, led   to 'heavy ends' and gauge variation in the hot band 
beyond the compensation of the subsequent cold rolling.   This situation now 
appears to have been radically changed   by the application of modern hydratlie 
precision gap control to a mill of this kind, coupled widi the latest automatic 
gauge control equipment.   For example, Dosco in Canada recently converted a 
Steckel mill to hydraulic gap control with modern gauge control.   They claim 
that all of their stainless hot band production is now within plus or minus 
0.13 mm of the nominal gauge, which is entirely within the correction capacity 
of cold mills. 
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The demand for flat stainless steel in plate thicknesses is increasing 
steadily for the fabrication of vessels for the chemical, gas and food industries, 
and the mills discussed above can produce a proportion of this in the width range 
of the available strip mills.   Wide plate, however, needs to be rolled on plate 
mills and is normally hire rolled from ingots or slabs supplied by the producer. 

For cold rolling stainless steel strip, the Sendzimir cluster mill, with its 
very small work rolls, is probably unequalled. 

Transformer sheets 

What has been said about rolling stainless steel strip is also generally 
applicable to grain oriented silicon steel strip for the manufacture of low watt-loss 
transformer sheets.   Although silicon steel sheets of this type are commonly made 
under a process patent owned and licensed by Armco, we believe the hot rolling 
mill equipment and the initial annealing and pickling lines can be the same as for 
stainless steels, and that the two products can form part of a single operation up 
to this point.   However, it is not considered good practice to cold roll stainless 
and silicon steel on the same mill, and it is certainly not good practice to use 
the same cut-up and slitting facilities for the two types, owing to scale and dust 
contamination. 

Non flatj)_rojducts 

A large proportion of special steel production is cast in ingots, and the rolling 
of these down to the appropriate semi-finished product is often performed by 
ordinary steel rollers on a hire basis, especially for the larger sized ingots. 

Alloy steel rods and bars are commonly produced on mills with looping 
configurations.   However, there is a special need for precision rolling in alloy 
steel rods, not only because the customer usually demands precision for his own 
purposes, but also the producer himself is anxious to control his yield with 
precision, because of the h i gli value of the material.   To achieve this, alloy 
steel rod mills with pre-stressed roll stands and precision bearings have 
increasingly found favour as they produce rods and bars to high degrees of 
accuracy.   Swedish companies, in particular, have designed highly sophisticated 
looping mills with repeater designs and control techniques far in advance of those 
available elsewhere.   However, to justify this type of new investment it may be 
necessary to rationalise the production of existing smaller mills.   Such a 
rationalisation took place in recent years amongst some of the alloy rod rollers 
in the UK. 



^ 

CHAPTER 22 - MINIWORKS 

22.1 Definition 

A mini-steelworks is a works of limited capacity (normally between 70,000 
and 300,000 armimi tonnes) which markets a strictly limited range of products 
under certain specialised environmental conditions.   The products, which are 
mainly bars, arc invariably hot rolled from billets, and the process route is 
scrap melting in electric arc furnaces usually followed by continuous casting. 

The commercial aspect of the miniworks is central to the concept.   The 
miniworks achieves a competitive commercial position by employing a number 
of second order advantages to offset the disadvantages of a higher equivalent 
comprehensive conversion cost than in a large Integrated or semi-integrated 
works.     These advantages are: 

i)     utilisation of local or other cheap scrap sources 

li)      minimising transport and selling costs by serving 
a localised market - typically within 150 kilometres of the mill 

Ui)     achievement of high operational efficiency and minimal 
overheads (administration, development and marketing) by 
producing only a limited range of simple products inordinary 
steels, e.g. reinforcing bars 

iv)     using relatively simple plant of low capital cost - but carefully 
matched to the product range, and to each other. 

The principal weakness of the miniworks is its sensitivity to scrap prices, 
•nd the need for low -cost electric power.     In many developing countries the 
market conditions are appropriate for miniworks and there is the potential for 
low-cost power from hydroelectric sources, but scrap Is in short supply.    This 
has led to the Interest In sponge iron (cf Chapter 11) as a scrap substitute. 

It should be emphasised that not all small works fall within the concept of 
miniworks as discussed herein.    Rerollers, works making a wide product range 
or producing only billets, and the majority of works with similar capacities but 
process routes other than those indicated above, would not be classified as true 
miniworks. 

255 
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22.2  Survey of existing miniworks 

The development of miniworks can be Illustrated by reference to their 
position in Italy and the USA. 

Italy 

In Italy the major part of the national crude steel productive capacity of 
23 million tpy is provided by small units.Of the 124 steelmaking plants operating 
in 1969, 116 were under 0. 5 million tpy.   However, 22 Italian works representing 
2.6 million tpy (average 1)5,000 annual tonnes) were classified as miniworks In 
1970, representing a relatively high proportion of 11 percent of total crude steel 
capacity.   All these miniworks employ electric arc melting and continuous 
casting;   all make reinforcing bar, some make light 'structure' sections, but 
only three make other products (narrow strip and wire). 

Examination of the industrial uses of Italy's steel provides a clue to the 
success of Italian miniworks.   For the past decade the Italian construction 
industry has been exceptionally buoyant, and of 14. 8 million tonnes of finished 
steel products delivered in 1969, 2.6 million tonnes were used in building, civil 
and structural engineering.   Compare this to the position in Germany (which has 
a similar population), where out of a total of 35.2 million tonnes of finished 
steel products, only 1.3 million tonnes were delivered for use in the construction 
industry, and where títere are only six known miniworks. 

The growth of miniworks has probably been encouraged by Italy's geography; 
constructional activities are relatively widely dispersed and this permits many 
of the works to serve local markets without competition from nearby larger 
works.   On the other hand, the extensive use of scrap for steelmaking has led 
to heavy imports of scrap - 5.1 million tonnes in 1969 - which must mean that 
some of the miniworks are unable to obtain the benefits of c heap local scrap. 

USA 

There are also numerous small steelworks in the USA.   Over 40 'minimills' 
with individual capacities uo to 300,000 tonnes and a total capacity of some 
6 million tpy (average size 140,000 tonnes), have been reported.    However, these 
represent less than 4 percent of total US crude steel capacity.   The current total 
number of plants operating in the USA is not known, but in 1967 there were 90. 
US niants with a caoacitv of less than 200.000 tonnes per vear are listed in Table 22.1. 

Examination of the specifications of these works shows that they are playing 
a slightly different role to those in Italy, and indeed that some may not really fit 
into the miniworks concept.   Whilst almost all the works make reinforcing bars 
and many make other hot rolled bars, the total product range of the works is far 
wider than that of the Italian miniworks.   About 75 percent of these works have 
continuous casting. 

The difference between the miniworks in Italy and in the USA probably arises 
from the pattern and timing of development.   The USA is a net exporter of scrap, 
and local scrap availability creates a favourable environment for a miniworks. 
The impetus which led to the development of the US miniworks was the federal 
highways building programme of the late fifties and early sixties, and at this 
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• time virtually all the miniworks served the reinforced concrete industry. 
Continuous casting had not Lxxm developed at the time when these works were 
built.   With the highways programme now largely completed, the miniworks are 
being forced to seek additional market areas, and leading authorities in the USA 
have slated that they do not expect any further growth in the number of miniworks. 

22.3 Miniworks costs and location 

Capitalcost 

The miniworks has a lower capital cost per annual product tonne than the 
cost attributed to an equivalent product manufactured in a large integrated works, 
and a capital cost comparable with or possibly lower than that of a large scrap 
melting works.   For example, a miniworks can be built for between $120 and 
$180 per annual product tonne, and some works have been built for under $100 
per tonne.   The capital cost of an ore based integrated works could be between 
$180 and $300 per tonne, whilst the capital cost attributable to the production of 

£ bars is likely to be 20 or 30 percent higher than in the equivalent miniworks. 

The miniworks achieves its relatively low cost by a careful choice of plant. 
The rolling mill is normally the most expensive item, but sophisticated plant 
items are kept to a minimum, and because of tbe limited product range and 
generally wide tolerances, downtime can be minimised and consequently output 
is high.   To minimise capital outlay, some miniworks have been built using 
secondhand mills. 

For efficient operation, it is important to match the furnace and casting 
plant capacities to the mill capacity.   Continuous billet casting is almost 
invariably specified for new miniworks, but unlike larger works standby 
casting facilities arc not normally provided.   Larger miniworks frequently use 
two identical electric arc furnaces, but some of die smaller works use a single 
furnace, although this does not match the continuous casting plant so well. 

The miniworks can make a major saving on the cost of 'works services' by 
Ä minimising the provision of workshops, stores, laboratories and offices, and 
9 by its careful layout and compact size, on services.distribution and transport 

facilities. 

Another important difference between large works and miniworks lies in the 
time taken to build, commission and bring the plant up to full output.   Instead of 
3-4 years to build and commission, plus 2 years of 'learning' for a large 
integrated works, a miniworks can be built and operating at full output in half 
the time.   The difference stems from the inherent simplicity of the miniworks 
and the fact that its plant is normally proven standard equipment, rather than 
the more sophisticated plant of the large integrated works.   This difference is 
important to the success of miniworks, as reaching early profitability improves 
the profile of the cash flow which justifies a lower capital recovery factor, and 
hence lower capital charges. 

Because the plant is standard and simple, holdings of spares, especially in 
developed countries, can be minimised and this can assist in holding down the 
working capital requirements. 
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Location of miniworks 

The lower capital charges for miniworks compared to integrated works are 
generally offset by higher operating costs, but these are strongly influenced by 
commercial operation of the miniworks.   A miniworks can only compete with 
larger integrated and semi-integrated works under favourable conditions, and 
its location is of paramount importance, as bolli income and operating costs are 
strongly influenced by the location of the works.   The locational factors which 
must be considered are : - 

i) Proximity to markets. 

ii) Location of competition. 

iii) Proximity to reliable inexpensive sources of scrap, 

iv) Availability and cost of electricity, 

v) Availability and cost of labour. 

' vi) Fiscal environment. 

The miniworks must plan to serve a suitable market, and it is important that the 
product range is limited and that generally the products themselves are simple. 
This reduces both direct production and overhead (technical and marketing) 
costs.   Most miniworks aim to sell the major part of their output within 150 km. 
of the plant and often serve a far more localised market.   Nor would they expect 
to supply the whole of their local market - they prefer to limit the market share 
in order to hold down marketing costs and to assist in keeping plant utilisation 
high.  An unstable or rapidly changing market would not be attractive, as a 
miniworks has only limited ability to change its product range. 

The most important consideration about scrap is to keep the delivered price 
low.  Depending on the product pricing system in use and nature and location of 
the competition for both the market and the scrap, local scrap sources may be 
more important than local markets.  It is also in the miniworks' interest to 

i ensure that it does not use all the locally arising scrap;   this will tend to force 
up prices and restrict choice of quality.   Given a local market and scrap, it is 
generally advantageous for a miniworks to be located well away from all 
competing works, using the effect of transport costs to assist it to obtain a 
commercial advantage. 

Operating costs 

Table 22.2 shows a breakdown of costs for a hypothetical international 
miniworks producing reinforcing bars     The finished product price is comparable 
with that from a large integrated works;  under less favourable conditions the 
finished product cost could be as high as $250 per tonne.    Even at these levels 
of cost, miniworks may be appropriate in developing countries if they can 
eliminate the need for importing certain types of steel product.    The effect on 
the finished product cost of changes in the major individual costs is illustrated 
In Table 22.3. 

^ 
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TABLE 22.2   - MINIWORKS COMPREHENSIVE COSTS 

Cost 
$ per product-     ¡ 

tonne              | 

Bought in scrap 

Pig iron 

Electrodes, lime, additions 

Electricity * 

All labour * 

Consumables, other conversion costs * 

Capital charges * 

Working capital charge 

Total product cost 

29 

7 

9 

8 

7 

15 

22 

4 

100 

* Includes all works services. 
Based on a capital cost of $140 

per product tonne 

It will be seen that the product price is very sensitive to scrap price, and some 
of the factors which influence scrap price are discussed in Article 22.4. The 
product price is also sensitive to capital charges,  and hence to the capital 
cost of plant, its utilisation and the cost of capital.   However, the product cost 
is not as sensitive to plant utilisation as in a large integrated works, and the 
miniworks has some ability to diminish the adverse effects of a low level of 
output through its scrap purchasing policy. 

Annual output can be as high as 1,000 tonnes per man in a miniworks, 
although figures around 500 tonnes are at present more common.   Consequently, 
the product cost is not particularly sensitive to labour rates or productivity. 
A high proportion of the men are employed on direct production rather than as 
support staff, and availability of suitable labour may be more important than 
the hourly rates.   A new miniworks will often train up local operatives, rather 
than attempt to attract experienced steelworkers from other locations. 

Table 22.3 also shows that normal variations in electricity costs do not 
have a very strong influence on the product cost, although it must be remembered 
that in special circumstances there can be large variations between the charges 
in different locations.   It is also possible that the magnitude of the maximum 
demand - typically 25 MVA - may affect the sites which can be considered. 
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TABLE 22.3   - SENSITIVITY OF MINIWORKS COMPREHENSIVE COSTS 

A.   Percentage change in cost required to change product cost by one percent, 
assuming all other costs remain constant. 

Item Percentage change 

Scrap cost 

Capital charge 

Electricity charge 

Labour cost 

3 

5 

11 

13 

B.    Change in parameters to change product cost by $3 per tonne, assuming all 
other parameters remain constant. 

Parameter 
and unit 

Parameter level for product costs of: - 
$97/tonne              $103/tonne 

Scrap price 
$ per tonne $26 $32 

Electricity 
$perkW-h $0.007 $0.015 

Average labour cost 
$per man p.a. $2500 $5700 

Plant capital cost 
$ per product tonne $123 $157 

Average plant utilisation 
percentage of capacity 100% 80% 
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2J.4 Scrap availability and price 

The price of scrap is strongly influenced by demand, and in a free market 
local differentials merely reflect transport cost differences.   The m ini works 
must compete with other steelmakers for the available scrap, and experience 
shows thai unless some form of price agreement is employed, the short term 
price of scrap is highly volatile, as the supply is limited.   This is particularly 
true of process scrap which could be the major source of non-circulating scrap 
in a developing country.   The desirability of scrap for steelmaking, and hence 
its price, is strongly dependent on its chemical composition,  and is also 
influenced by its physical form.   Process scrap commands a premium because 
its composition is known, and for this reason much process scrap is returned 
to its originating works.   Because it usually makes only ordinary steels, a 
miniworks can accept a higher level of tramp elements than many large 
integrated works, particularly those making flat products.   This permits the 
miniworks to utilise the cheaper grades of scrap for which there is less demand. 
This is particularly true in times of slack demand, as more time is available 
for refining the steel, and under these circumstances iron scrap can be used as 
a source of carbon instead of pig iron. 

Transport costs for scrap are similar to those for finished products, and 
might be say l.Gy per tonne   kilometre.   Thus delivery over 400 kilometres could add 
$4/ton ne to the scrap cost, increasing the product cost by a similar sum.   This 
illustrates the importance of local scrap availability.   For this reason miniworks 
will normally avoid a location where there is strong competition for scrap, as 
this will push up prices.   The effect can be greater than might be expected at 
first sight.    For example, consider a small isolated source of scrap, situated 
400 km. from a large established scrap market in which the price is $29 per 
tonne.   A small works adjacent to the isolated source should be able to buy 
scrap at $25 per tonne, i.e.  $29 per tonne less the transport differential.   On 
the other hand, if there is strong competition for scrap in the vicinity of the 
isolated source the price will tend to rise to $33 per tonne (i.e. $29 per tonne 
plus the transport cost from the scrap market) - an increase of $8 per tonne. 

Modern scrap processing is becoming relatively capital intensive, and this 
will tend to concentrate scrap processing in the areas where there are high 
ari8ings.   These are frequently areas where there are other steelworks, but of 
course a miniworks located close to an integrated works need not be in 
competition for scrap provided the miniworks can use grades which are not of 
interest lo the integrated works. 

22.5 Future developments in miniworks 

Because the miniworks use standard plant they will not be at the forefront 
of technological development.   On the otiter hand, they will closely monitor 
technological developments, partly to be ready to adopt any proven innovations, 
and partly because developments will affect the position of the miniworks' 
competitors. 

The most important development which is of direct interest to the mini- 
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works lathe possibility of substituting prc-reduccd products for scrap, provided 
these products are available at a competitive price. 

There are several advantages to using sponge iron in the electric furnaces. 
The pre-reduced material can be charged continuously, and presents less 
problems of tramp elements than does -crap.   However, mixtures of sponge 
iron and scrap offer the most promise at present.   A mixed charge will give a 
faster cycle time and lower power and electrode consumption than either 
100 percent scrap or 100 percent sponge iron.   These advantages will offset 
some of the additional cost of prc-reduced material, and one authority calculates 
that pre-reduced material can become competitive when the price per tonne of 
material containing 90 percent metallic iron is about $5 higher than that of scrap. 

One long term trend which will have an influence on the role of miniworks 
is the relative increase in the cost of coke compared with electricity.   This will 
tend to encourage electric arc steclmaking routes relative to the blast furnace/ 
BOF route.   On the other hand, relative reductions in transport costs resulting 
from containerisation and improved handling facilities will reduce the extent to 
which miniworks can be insulated from their competitors by distance. 

There is a long term trend towards an increasing proportion of flat products 
and towards more sophisticated products;  even the reinforcing bar markets are 
being affected by increasing demands for high tensile steel.   These trends may 
limit the development of the type of miniworks described in this article, but 
could in turn encourage the development of small market oriented works 
making specialised products in small volumes. 
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CHAPTER 23 - POLLUTION 

23.1 The need for pollution control 

An environmental pollutant is any substance or combination of substances 
whose presence detracts from the health or social quality of the environment. 
The control of pollution may In any instance need to be local, national or world- 
wide depending on the type of pollutant and where its effects will be felt.   The 
legislative consequences of pollution control will, to a large extent, depend upon 
the degree to which people will accept the reduction In the quality of their living 
and working environment resulting from uncontrolled pollution. 

When considering pollution control In an Iron and steel industry, account 
should be taken of the pollution level produced by other industries in close 
proximity.   It would certainly be unacceptable to allow high levels of pollution 
from a steel plant In an area where neighbouring Industries are maintaining a 
pollution free environment.   Similarly, it Is not reasonable to expect better 
pollution control than the country's planned best standards. 

This chapter discusses the various forms of pollution control used in the 
iron and steel industry and relates the quality of control to the costs. 

23.2 Current pollution legislation 

Legislation to control the emission of pollutants was initiated originally only 
to alleviate the acute local effects of Industrial effluents of a positively dangerous 
or aggresive nature.   However, with the growth of industry, other less obvious 
pollutants became apparent.   The combination of fog, sulphur dioxide and high 
atmospheric dust content has been encountered in many countries, and the harmful 
effects that this has upon human lives Is now well known. 

Pollution control is invariably a non-profit making activity, requiring 
considerable capital expenditure and, as such, is often Implemented with reluctance. 
This is particularly so In a highly competitive situation where profit margins may 
be narrow.   Where pollution legislation exists It Is crucial that industry should have 
confidence in the fair and consistent implementation of the law by the controlling 
authority.   In this respect, it Is important that legislation be enacted on a national, 
or even International basis in order to prevent the emergence of "pollution holiday" 
areas where low standards of pollution control are exercised in order to attract 
industrial investment. 

264 
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It Is not possible to present quantitative standards In a concise manner since, 
under the operating licence method widely employed, discharge limits are often 
assessed for individual cases on the basis of discharge volume,   pollutant 
concentration, background concentration, discharge temperature   and discharge 
methods. 

The degree of pollutant control depends upon: 

(a) The governmental authority involved 

(b) Who or what will be protected by the control 

(c) Where the effluent is to be discharged 

Governments have in a number of industrialised countries laid down 
acceptable standards for the level of common pollutants, such as toxic metals, 
cyanides, oils, suspended solids, etc.  These levels may be varied depending 
upon the discharge point of the effluent. 

There is a growing worldwide concern over environmental pollution, and 
in consequence, public pressure upon governments to introduce effective pollution 
legislation.   A trend Is now emerging in European countries for the formation of 
a legislative framework to encompass all aspects of pollution based on 
scientifically assessed needs related to technical viability, and national and local 
conditions.   It would be relevant for countries of presently low Industrial 
activity, possibly with few or no restrictions on the discharge of effluents, to take 
notice of the trends in pollution control of heavily Industrialised nations.   Despite 
the seemingly vast capability of the environment to absorb pollutants, the 
development of large scale Industrial complexes will Inevitably cause a serious 
deterioration in the local working and living conditions unless preventive action 
is taken from die outset. 

23.3  Review of iron and steelworks pollution control methods 

Coke Oyens_ 

Carbonisation of coal results in the generation of large volumes of tars and 
dust which potentially constitute a considerable pollution problem and coke ovens 
have been large scale polluters of the atmosphere.    In the past pollution 
products were ducted into an adjacent oven; today, however, It Is common 
practice to equip the coal charging car with mechanical or venturi wet scrubbers. 
A more refined pollution control system employs pipeline charging of ovens 
utilising a central wet scrubbing system.   This system also deals with the fine 
coal dust escaping from the coal preparation and pre-heating section.   After 
carbonising,the coke Is quenched with water sprays resulting In the production 
of large quantities of steam and odorous components.   These can best be prevented 
from polluting the atmosphere by fitting the quenching tower with simple Irrigated 
baffles to trap steam droplets and dust. 

An alternative which would appear to offer greater reductions In air pollution 
resulting from pushing and quenching operations Is the rotating bed   continuous 
quencher.   In this process the coke Is discharged onto a rotating table where it 
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is quenched as a shallow bed before discharge from the quencher.  The complete 
unit is sealed to the oven door during pushing.   In the control of pollution from 
coke ovens using wet scrubbing processes there is the problem of disposal of 
the substances removed from the previously polluted gases.   The scrubbing 
water may be heavily contaminated with ammonia, cyanide, thiocyanate, sulphides, 
etc.   Modern practice for the purification of aqueous effluents involves biological 
treatment using specific groups of bacteria to oxidise the contaminants. 

The costs of effluent treatment from coke ovens will obviously vary 
depending upon the degree of treatment undertaken.   As an example the cost of 
gas cleaning Is of the order of 25 i per tonne of coke product plus an additional 
4 f. per tonne if a biological water treatment plant is included. 

Burden JJrejjaration 

The handling and treatment of dry raw materials produces large quantities 
of dust.  The dust produced from the crushing and screening of iron ore and coke 
may be supressed using methods as simple as the water fog technique, or as 
sohplstlcated as enclosing the entire dust producing area, and providing air 
exhausters and dust arresters.    The choice Is entirely dependent upon what the 
operator is prepared to pay or what he is prepared to accept in terms of clean- 
liness. 

In wet grinding and concentration the tailings may contain, for example, high 
proportions of harmful compounds.   Such solids are commonly removed by 
settling.   The tailings are normally lagooned and the water allowed to evaporate 
leaving die solids In a cake form.   Under certain circumstances such as acute 
water shortage, a water recirculation system may be used. 

In pelletIsing and sintering plants the dust generated may be collected by a variety 
of methods such as cyclones, wet washers, electrostatic precipitators and fabric 
filters the characteristics of which are shown In Figure 23.1.   The choice may be 
made on cost grounds or the operators preference.   In the sintering process, develop- 
ments have taken place In strand cooling enabling simpler dust collection techniques 
to be employed. 

The costs of pollution control depend upon the degree of reduction of pollutants 
that is to be obtained from the available processes and the scale of operation. 
For dust control in raw materials preparation areas, the total costs can be as 
low as 15¿ per tonne for bag filters and up to 25¿ per tonne for low energy wet 
scrubbers for plant producing 6000 tonnes per day.   For a similar sized sinter 
plant the costs for the same treatment plant vary between 23¿ per tonne and 
37¿ per tonne. 

Blast furnace operation 

It is In the treatment of blast furnace gas before it is burnt that the major 
pollution problem In blast furnace operation arises.   Wet washing Is a popular 
method of treating this gas but the resulting highly contaminated water has then 
to be purified.   Simple settling ponds have In the past been used for this purpose 
but owing to the space required mechanical clariflers and filters are now increas- 

ingly used. 
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The handling of raw materials to the blast furnace generates dust in a similar 
manner to that previously described in the burden preparation section and similar 
anti-pollution processes may be used. 

Steelmaking 

Steelmaking emits large quantities of fine iron oxide fume and dust.    Open 
hearth and electric steelmaking produced dust which was once considered to be 
an industrial inevitability.    However, with the advent of oxygen blown steelmaking, 
the dust emission increased to unacceptable levels, approximately to 1.5 percent 
of the total charge weight.    The plants, therefore, had to be constructed with 
pollution control devices which would be effective in reducing this percentage. 
One of the major problems of dust control from the HOF plants is the high 
temperature of the gas, which is in the range 1,400   to 2,000 C; this hot gas 
contains combustible gases which may be utilised for steam raising. 

There are in general three basic methods of cleaning waste gases from 
BOF plants :- 

(i)      By using an electrostatic precipitator equipped with a pressurized hood 
system. 

(ii)     By using a variable throat wet scrubber plant equipped with a pressurised 
hood system. 

(iii)   The Yawata Oxygen Gas (OG) Recovery Process. 

Whereas the first two systems burn the waste gases with a plentiful supply of 
air, and clean them either in an electrostatic precipitator or a wet scrubbing plant, 
the third system treats the gases in the unburnt state.    There are two types of 
electrostatic precipitator - wet plate and dry plate.    Compared with the dry plate 
system, the wet plate precipitator is operated at lower inlet gas temperatures 
(about 80°C), resulting in a reduced volume of gas to be cleaned; the wet plate 
system is also more eifficient, per unit of collecting area, than the dry plate 
system.    The cumulative effect of these two factors is that wet plate precipitator 
plants can be smaller than their dry plate equivalents. 

À wet plats system would, therefore, appear to be the more economical 
installation until the disposal problem of the iron oxide slurry is considered 
and the capital cost of the necessary water clarification and dust recovery 
plant included.    However, for a gas cleaning plant being installed in an 
integrated works where there is existing capacity for handling the wet slurry, 
a wet plate precipitator is an attractive proposition.    It should be noted that 
where the BOF plant incorporates a full waste heat boiler system, wet plate 
precipitators are not appropriate.    The auxiliary oil-firing used in such 
boiler systems to supplement the process waste gases gives rise to considerable 
corrosion problems when the fumes are cooled to dewpoint conditions. 

The dry plate precipitator is designed for an inlet waste gas temperature of 
260°C to 300 C. Both wet and dry systems require a cooling section to cool the 
gases leaving the hood from approximately 1000 C to the treatment temperature. 
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The wet scrubbing process comprises a venturi quencher and a variable 
throat venturi scrubber, in which Xhe dirty gases are cleaned to an outlet dust 
burden not exceeding lg. per 50m   of dry gas. 

The gases leaving the hood cooling section pass into the venturi quencher 
where they are cooled to approximately 80 C.    The quenched gases then 
immediately enter a separating elbow where most of the liquid is separated 
from the gas stream.    One quencher with its associated elbow is provided for 
each furnace.     Two separate refractory lined ducts lead the gases from the 
elbows into the venturi scrubbers, which remove the  remaining fume. 

An example of the variable throat wet scrubber process is the IRSID-CAFL, 
system as installed at the South Teeside Works of the British Steel Corporation. 
The system was developed in France by the French Research Institute (IRSID) 
and the Compagnie des Ateliers et Forges de la Loire (CAFL) in the late 1950's. 
The first commercial installation was at the Dunkirk plant of Usinor in 1963. 

The OG gas recovery process was established in Japan in 1961.    The first 
commercial OG plant began operating in 1962 at the Tobata No. 2 works of 
Yawata Iron and Steel Co. Ltd. In 1969 the first European plant was commissioned 
at the Abbey works of the Steel Company of Wales Division of the British Steel 
Corporation.    The process requires a separate gas cleaning plant for each 
basic oxygen furnace installed. 

In order to collect the waste gases in an unbumt condition the gap between 
the furnace mouth and the waste gas hood is minimised by a movable skirt.   In 
the original OG installation any space remaining between the skirt and the mouth 
was sealed off by a nitrogen curtain.    In the present installations, no nitrogen 
curtain seal is used, but the space between the skirt and the mouth is closed as 
much as possible by lowering the skirt directly onto the furnace nose section. 
During the oxygen blowing period a slightly negative pressure is maintained inside 
the hood. 

The waste gases collected by the movable skirt pass into the hood section 
which subsequently leads the waste gases into the gas cooler.    The hood is in 
two sections with the movable skirt attached to the lower section.    The upper 
section, which is equipped with the flux chute hole and the oxygen lance entry 
hole, is mounted on a carriage and may be moved away from its operating 
position to facilitate entry of the brick relining elevator.    The necessary process 
fluxes are added to the BOF during the oxygen blowing period through a system of 
gas seals. 

The waste gases pass from the upper section of the hood at a temperarle of 
1260 C and are cooled to  approximately 1000 C in the gas cooler before entering 
the gas cleaning plant.    The gas cooling section has been designed as a radiation 
section only, and consists of a series of nested tubes supported in a mild steel 
circular outer jacket.    The top of die radiation section incorporates a self 
closing water cooled pressure relief door. 



270 

The waste gas cleaning plant for the OG system is similar to that described 
earlier for the wet scrubber plant, with the feature that the equipment is 
considerably reduced in size, and can be more readily accommodated within 
the steelplant building.    The waste gases leaving the radiation section of the 
hood pass into a venturi quencher where the gases are cooled to an outlet temperature 
of approximately 80 C and at the same time some 85 percent of the dust entrained 
in the gases is removed.     The cooled gases leaving the venturi quencher pass 
through an elbow separator into a variable throat venturi scrubber.    The 
adjustable venturi throat acts both asa highly efficient dust collecting unit and 
also as the means of controlling the pressure in the waste gas hood.   This system 
maintains, as effectively as possible, a constant hood pressure during the oxygen 
blow by opening and closing the movable throat inside the venturi.    The dust particles 
remaining in the waste gases after the quencher are removed in the venturi scrubber. 

The cleaned gases then pass through a second elbow separator into a simple 
mist eliminator, before finally being passed into a combustion chamber and burnt 
before discharge to atmosphere. 

The secondary ventilation system, designed mainly to collect the dirty fumes 
emitted during hot metal charging also performs the useful function of removing 
the minor quantities of fume and gas that escape from the collection skirt and 
hood during the blowing period.    The quantity of dust to be collected here is 
small and most types of dust collection methods are suitable. 

The capital costs of the three gas cleaning processes, for a typical 2-vessel 
shop, are within 10 percent of each other.    One would expect that with the 
substantial reduction in the waste gas volume treated in the OC system a capital 
cost advantage would result.    However, due to the unburnt condition of the 
collected gases a separate gas cleaning plant is required foi each furnace, and 
this eliminates the advantage of the smaller equipment. 

The wet scrubber system has the lowest capital cost, which could be reduced by 
a further 10 percent if the thickener underflow is pumped to waste. 

In a three-vessel shop, in both the precipitator and scrubber systems, the 
gas cleaning section is duplicated and this is proportionally reflected in the 
capital cost.    However, in the case of the OG system, the number of gas cleaning 
units is only increased from two to three, and hence becomes a more attractive 
proposition. 

The precipitator system has substantially lower o{ arating costs than the 
alternative systems.    This is due to the low electrical power requirements of the 
induced draft fan.    The OG system has a similar power cost to the precipitator 
system because of the reduced gas volume, but this advantage is offset by the cost 
of nitrogen gas. 

Recent developments in OG technology indicate that nitrogen is no longer 
required and may be replaced by approximately 0.5 m   of steam per tonne of 
steel.    The cost of operating the OG and the precipitator would, in this event, 
be similar. 



^ 

271 

The high operating costs of the scrubber system result from the induced draft 
fan power requirements. 

The most significant distinction between collected gas and burnt gas systems 
is the claim that operating the basic oxygen furnace with a closed hood system 
results in a substantial increase in ingot yield.    Results from the Tobata 
Steelworks suggest that a 1 percent improvement is obtainable, although the 
comparison is being made between furnaces of different sizes. 

The closed hood system would appear to be the most advantageous at plants 
having a supply of low phosphorous hot metal, and engaged in the production of 
low-carbon steels.    This is because high phosphorous hot metal results in 
foaming slag steelmaking techniques, and bringing the hood adjacent to the furnace 
mouth during the blowing period is a hazardous operation. 

A recent development has been the use of dust trapped in the gas cleaning 
plant for the manufacture of pellets.    Kawasaki Steel Co. has had a plant at its 
Cuiba works since 1968, capable of processing 6000 tonnes of dust per month. 
A new plant in the course of construction at Kawasaki's Mizushima works will 
produce 600 tonnes daily of green balls with an Fe content in excess of 75 
percent;  it is claimed by Kawasaki that zinc and lead content will be reduced to 
0.02 percent and 0.01 percent respectively. 

Roll_ing_ 

Large quantities of water are used In the rolling of steel, for both cooling 
and scale removal.  The scale together with oil are the major contaminants. 
The water is normally cleaned in a series of systems, the first being scale pits, 
where some 75 percent of the scale may be removed.   Further treatment may 
consist of clarification and flocculation or pressure filtration depending upon the 
purity required for the recyled water.   The systems   employed are simple and 
effective. 

It is In strip processing, however, that the major pollution problem occurs. 
Sulphuric or hydrochloric acid may be used for pickling, and it is in the treatment 
of these spent liquors that the major pollution control effort is applied.   The 
simplest form of treatment may be by very high dilution to reduce the acid content 
to acceptable levels.   Simple neutralisation by lime or other alkalis results in the 
formation of large volumes of hydroxide sludge which are difficult to separate and 
dewater, although the availability of land for lagooning and drying may favour the 
adoption of this process. 

Considerable effort has been put into the development of processes for the 
recovery of sulphuric acid and solid ferrous sulphate from pickle liquors, and 
several processes Involving the recovery of the salts are in use.  These methods 
are suitable for die treatment of effluent from large scale pickling installations 
although the economics depend to a large extent on the market for recovered 
ferrous sulphate. 

The growing problem of the treatment of sulphuric acid pickle wastes has 
spurred the development of hydrochloric acid pickling technology despite the 
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| relatively high cost of this material.   Processes for the complete regeneration 
• of the acid from spent liquors now renders its use economic.   Spent liquor is 

subjected to concentration by evaporation and is then spray roasted to dissociate 
the ferric chloride to obtain ferric oxide and hydrogen chloride.   The latter is 
absorbed in water or dilute acid rinse water to yield hydrochloric acid l'or recycling. 

Complex waste liquors from other pickling processes, such as are used for 
stainless steel containing nickel and chromium, require very stringent treatment. 
These are normally treated with lime and the large volumes of sludge are 
tolerated because of the high toxicity of the untreated liquor. 

Works_ ulijltle sand _d ralna^e_ 

Recirculated water may req'ilre cooling before re-use and sedimentation of 
contained solids is often achieved at the same time.   Cooling towers are most 
commonly used for this purpose together with lime-soda water softening for 
critical cooling waters.  When water is discharged into rivers or streams the 

fc temperature is again critical as this can seriously affect the marine and fresh 
" water life. 

To provide potable water It may be necessary to treat the water which Is 
available.  Various processes may be employed for clarification, softening and 
desalination, all yield essentially harmless sludges which may be safely disposed 
of. 

Domestic sewage must be treated before disposal.   Biological treatment 
produces a treated sludge suitable for dumping or incineration, or a liquid effluent 
of a quality suitable for discharge to water courses.   In areas of water shortage 
treatment may be economically extended by fine filtration and chlorlnatlon to 
yield an effluent acceptable for recycling to the cooling water circuits. 

23.4  Total costs of pollution control 

^ It has been shown in the preceding sections that pollution control Is available 
'W at a price.   It is the responsibility of the plant operator to match his pollution 

control methods witli the national pollution standards.   While these standards 
must be met it is in his interests to achieve them at the minimum cost.   Where 
pollution regulations do not exist it is left to the plant operator to decide what 
level of pollution from his plant he will permit. 

Whatever the regulations may be, pollution control costs money and the cost 
of the control is proportional to its effectiveness.   The total cost of acceptable to 
excellent pollution control In an Iron and steel works Is In the range $1.30 to 
$2.00 per tonne of product In a new works and up to twice this figure In an 
existing works. 

23. 5 Trends in recovery and recycling techniques 

Solid waste from pollution control plant may contain substantial quantities of 
valuable materials, for example   mill scale, hydrochloric acid, etc.   Most 

Ä recovered tsolids contain Iron oxides and/or coke which may be recycled to the 
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• »inter plant.  Similarly coarse mill scale may be charged to the sinter plant or 
to the steelmaklng furnace.   Blast furnace slag, whilst not by definition a 
pollutant, Is often treated to produce roadstone or railway ballast, or It may 
be granulated, foamed or made Into slag wool for use In the building trade. 

The recycling of water obviously depends to a large extent upon the availability 
of water on a local and national scale.  Where water Is scarce, and at a high price, 
every endeavour will be made to treat and recycle all the process water used.   Jn^ 
the Iron and steel Industry a vast quantity of water Is needed, approximately 65m 
per tonne of finished product.   It has been shown that It^s possible to reduce the^ 
amount of make-up water from the typical value of 15m   per tonne, to about 5m 
per tonne by proper water management. 

The cost of recycling process water should be compared to the costs of buying 
process water Irrespective of Its availability. The economic Incentive to try 
and achieve total recycltag will obviously Increase as the cost of make-up water 

Ä Increases. 
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CHAPTER 24   -  AUTOMATION 

fri. 1  Aspects of automation 

A feature of the past twenty years has been the adoption by organisations, 
both large and small, of automation In the fullest meaning of the word.    One 
definition of automation frequently used is : 'the replacement and extension by 
means of a machine of the human effort, both physical and mental, required 
In analysing, organising and controlling operations'.    The breakthrough that 
has hastened the implementation of automation schemes has been the develop- 
ment of reliable and powerful digital computers, following the improvement of 
electronic devices and advancements in analytical instrumentation. 

The computer first obtained a foothold in the field of process automation. 
in the late 1950's, when several companies installed digital computers to 
control their plants directly, in place of the conventional control systems. 
Prior to this period the digital computer was used as a supervisory aid to 
management performing stock control, production planning and costing operations. 
These roles for digital computers still exist independently of process automation 
schemes but now integrated schemes are being designed and built to enable 
control of all operations of an organisation to be exercised under an umbrella of 
hierarchical computer systems. 

The electronics industry has developed rapidly and many of the advances 
made are now incorporated in automation systems.    The use of electronically 
activated controllers to replace pneumatic ones has Increased steadily over the 
past twenty years.    This has   in turn, meant that digital computers can be 
more easily connected to the controllers, an arrangement particularly useful 
on supervisory computer control systems. 

The advances made in measurement devices and analytical instruments 
have also contributed to the speed with which automation has spread.    The use 
of radio -active sources to provide measurements of level and thickness has 
meant that some hitherto immeasurable quantities can be held under a much 
tighter control.    Thus coatings of one metal on another can be measured using 
gamma ray sources and the deposition of metal in, say, a tinning line, controlled. 

The chemical analysis of process streams on-line to the actual process 
have also received much attention.   The use of gas chromatographs, spectro- 
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graphic analysis, X-ray spectrometry and X-ray fluorescence to perform 
analysis of products, in a short timescale and with minimum operator inter- 
vention, has encouraged the movement towards fully automated industrial 
process units. 

The communications industry has also played a large part in the rapid 
development of automation.     The ability to transmit data over long or short 
distances, rapidly and with great accuracy and reliability, has provided a 
tremendous impetus.    Large organisations are now able to control the day to 
day scheduling of operations of many products with rapid decision making on 
stock levels, product ranges and product quality. 

The main benefits of automation are improved product quality, increased 
process yield and tetter plant utilisation.    Automation also has an effect on the 
manpower requirements.    Usually the introduction of automation reduces the 
number of operating personnel required.    However, the automated plant will 
require personnel, at all levels, of a higher technical calibre.    This improved 
technical competence will have to be introduced through educational and training 
programmes.    All levels of personnel required, from process operators through 
maintenance engineers to process management, will need this technical 
education and appreciation before the full potential of an automated process is 
realised.     The net result is that, including the effort involved in training, the 
overall manpower costs of operation are not very different whether a process is 
automated or not. 

24. 2  Automation in the iron and steel industry 

During the last decade considerable progress has been made In applying on-line 
computer control to the various manufacturing areas of the steel industry.   Most of 
these areas - from raw material preparation and handling to finished product 
production - are at least partially automated somewhere in the world.    Each of 
these areas where automation has been successfully applied are described below: 

Raw material preparation 

It is upon the quality and uniformity of the raw materials in an iron and 
steel works that the quality of the products from subsequent processes depend. 
Great attention has been given to this area, particularly in burden preparation 
for the blast furnace.    A uniform burden makes it easier to operate the blast 
furnace smoothly with consequent improvements in furnace performance and 
hot metal consistency. 

The automation process may start at the initial weighing and batching of raw 
materials and,by using this information, ensure that correct blending is achieved. 
Sintering has also been successfully automated; iron ore, limestone, coke fines 
and recycled materials are blended prior to laying on the sinter strand and the 
sintering process may be automated to control grate speed, rate of suction, coke 
content, bed depth and permeability.   The aim is to optimise the operation of the 
plant to ensure that good quality sinter is produced, while maintaining the highest 
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possible level of plant productivity. Automation engineers are now turning their 
attention to pellctising but, until the mechanics oí tolling are better understood, 
manual supervision of the process will continue to be necessary. 

Cokemaking 

It has long been recognised that the ultimate aim in coke-oven practice should 
be the complete automation of all machines and processes to enable the use of 
minimum numbers of operating and supej-visory personnel and to provide a 
regular and continuous operating schedule.   Partial automation has already been 
achieved in most coke oven insinuations in industrialised countries.     Coal 
charging cars are generally completely automatic, being operated by push button 
actuated electrical/hydraulic gear.   Coke pushing machines have been developed 
along similar lines and most operational pushers are now semi-automatic. 

Coke side door machines and guides are now available with sufficient 
automation to provide complete cleaning in one minute, and all operations can 
be controlled by electronic programming if coke side bench operators are required 
for other duties.   Coke quenching cars have been controlled automatically 
without drivers in both the USA and W.Germany and It is anticipated that remote 
control from a central computer with fully Integrated safety and alarm systems 
will be in widespread use throughout the industrialised world during the next 
decade. 

Blast furnace Ironmaklng 

The complex nature of the physical and chemical processes that occur in 
the blast furnace stack combined with the difficulties of monitoring these has 
precluded complete automation of the furnace so far.   Systems have been 
successfully developed for me control of the hot stoves and of the blending and 
charging of a predetermined burden.   Development of systems for the control 
of the furnace itself have centred round the evolution of mathematical models 
that represent the reactions thought to occur in the furnace, and that simulate 
observed performance.   Once such a model Is perfected, the furnace Is 
controlled by measuring all inputs to It against set points that are adjusted 
by reference to the model in accordance with the observed furnace performance. 

Automation of stoves involves controlling flows of combustion air, enriching 
gas and cold blast.   The cyclic use of the stoves are sequenced by the computer 
and in addition the firing rates and the mixture are controlled to minimize the 
heating cycle times while maintaining fuel efficiency.   The inputs to the computer 
for this purpose include dome temperatures, by-pass conditions, checker 
temperatures and gas conditions. 

The charge preparation system Involves the proportioning and accurate 
weighing of the feed materials.   Linear programming is often used to maintain 
the required composition of output iron from a knowledge of the analysis of the 
feed materials.   A feature of charging a blast furnace is sequence control to 
give different burden distributions, together with control of the feed bunkers to 
ensure smooth operations. 

«* 
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For the blast furnace itself, the control system would generate set points 
for burden weights and composition, blast volume and moisture, fuel oil flow 
and oxygen injection. Inputs to the computer from the blast furnace would 
include cold and hot blast conditions, bustle temperature, stock temperature, 
hearth temperature, top gas conditions and analysis, cooling water and spray 
water conditions, stock rod position, and iron temperatures. Spectrographic 
analysis of the burden materials and hot metal would also be inputs. 

Most large steelworks with modern furnaces have at least one furnace fitted 
with the necessary instrumentation, computers and actuation equipment for fully 
automated control.   The systems operating the burden blending and the hot 
stoves will be operational but the main furnace system is used only under 
manual supervision and is normally operated as an open loop with the computer 
used in a data logging function in order to generate a history of performance 
to assist in the refinement of the mathematical representation of the process. 

Steelmaking 

Automation in steelmaking is increasingly Important with the advent of high 
speed steelmaking processes such as the BOF.   In the more traditional steel- 
making methods, such as the open hearth, the tap-to-tap time is long enough to 
allow sufficient time for manual control of the furnaces. 

Automation of the BOF can be used to control oxygen volume for a given 
charge weight and steel quality and quantity.   On-line analysis of the waste gases 
is used to regulate the oxygen flow, lance height and converter additions, to give 
the final required carbon content and steel temperature.   Commonly, on-line 
metallurgical analysis of steel samples Is employed, using spectrographic 
analysis feeding directly into the computer. 

Control techniques for the BOF may also be applied to electric arc furnaces 
since   similar metallurgical reactions occur so that the use of heat and mass 
balances for control is possible with the same basic aim of increasing productivity. 
Of particular importance in electric arc steelmaking is the control of maximum 
power demand.  By continuous monitoring of consumption the control system 
is used to adjust the electrode positions so that power input Is maintained steady 
at the level above which penalty payments arise. In addition the sequencing of 
electrode movements, roof control, door movements during the phases of 
scrap charging and melting can be incorporated in the computer control.   Again 
on-line analysis of output product steel is used via a spectrometer to ensure 
close proximity to the required chemical analysis. 

Castingandhot roll_ing_ 

Automation has been used in the continuous casting shop to control the heat 
transfer requirements to ensure that the desired cooling rate is achieved as the 
strand is withdrawn.   The objective is to produce the required steel with the 
correct grain structure and physical properties.   The optimum casting rate is 
achieved by relating tiiis to the mould oscillating frequency, and cooling water 
flow rates. 
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Automation of soaking pits is used to maximise the throughput and minimise 
the heat input.   This is achieved by scheduling the ingots prior to placing *n the 
soaking pits.    Control is exercised from heat transfer calculations for each ingot. 
after pouring, to determining the soaking time required.  The control of the pits 
includes: heating time, temperatures, fuel/air ratios, fuel cut offs, recuperator 
temperatures, and switch-over valves.   Control is also exercised over the rate 
of temperature rise, the differential heating of ingots in a pit, and pit atmosphere 
control. 

Re-heat furnaces are now automated.   This is particularly important when 
the subsequent rolling process is automated to achieve a "total" control system. 
Automation again takes the form of correcting furnace parameters against set 
points to provide feedstock at the required temperature.  The set-points for 
furnace conditions depend upon the feedstock size, and the trend today is to 
programme the computer to calculate the heat Input for individual feedstock 
sizes. 

Automation Is now being successfully applied at the hot rolling stage, 
particularly In hot strip mills; the aim Is to produce the required gauge at 
the maximum production rate.  The roll gap Is controlled to obtain the correct 
draft against a production schedule and sequencing of the slab through the mill. 
Each slab to be rolled begins by having its temperature and physical dimensions 
measured, and the roll gap is then set for the required product.   Depending upon 
the mill configuration, i.e. continuous, semi-continuous, or reversing, the 
roller tables and sequencing operations are set.   For example, In a reversing mill 
the selection of backpassing is controlled for single or double reversals, based 
upon the required reduction and the capacity of drives and motors;   this would 
include the necessary sequencing of lifting and lowering rolls and table reversals. 
When edging stands are used, the width setting would be set automatically to take 
account of the slab spread.   Scale breaking roll gaps would also be set to remove 
the scale and size the slab. 

All of these functions can, In their simplest form, be programmed by a set 
of stored data against the computer relating to slab and product size.   Alternatively 
full automation using models of the mill operation can be used to control the mill 
functions, based upon the condition of each individual slab against the product 
required. 

When slabs have been roughed down, the outgoing product size and tempera- 
ture Is measured and used to set the conditions for the following finishing mill. 
In this mill automatic control similar to that in the roughing stands Is exercised, 
with control being extended to the coilers.   Principal areas benefitting from 
automation are: 

Optimal nose and tail cropping at the shear before the mill. 
Primary set-up of the mill for conditions of Incoming slab 

and scheduled finished coll dimensions. 
Feedback control of mill settings as adaptive control of the 

finished gauge dimensions. 
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Automation outside the hot rolling of strip has been confined to mills which 
are predominantly producing a single product type - for example, rod and bar 
mills.    Section mills have only been partially automated because of the problems 
in setting up the control functions for a multiplicity of products.    In rod and bar 
mills the tendency has been to automate the corrective measures required for 
close tolerance products, for example the control of looping and inter-stand tension. 
As an illustration of a typical flow-sheet for computer control of operations in 
the iron and steel industry,  Figure 24.1 shows a system for the complete control 
of a hot strip mill. 

Cold_ rolling 

Automation of the cold mills Is very similar in form to automation of the hot mill, 
the aim being to produce close tolerance products at the highest production rate 
and productivity.  Automation Is used In calculating and setting up the Initial 
mill conditions, roll gap, speed and tension.   The product dimensions are 
highly dependent upon changes from the pre-set conditions and automatic gauge 
measurement   is used, through feed back devices and control mechanisms, to 
correct the mill settings to bring the product back to the required gauge. 

Coating 

The design features of modern coating plants are such that the operation of 
these plants Is generaly automatic.   In recent years, however, a number of 
sophisticated control systems based on computers, have been Incorporated, thus 
integrating the manufacturing and product quality control functions as a continuous 
operation. 

Automation is now being successfully applied in several tinning plant 
installations. In this type of plant the main operating criterion is to manufacture 
products with uniform tin deposition at the desired thickness.   This has been 
achieved by the application of automated control systems which have facilitated 
operation at optimum level. 

Similar developments have also taken place in other types of coating plants; 
for example, automation of galvanizing lines has enabled the plant operators to 
control parameters such as zinc bath temperatures, to ensure good galvanising. 

24.3   Future trend 

Automation depends upon the methods of measuring change from pre-set 
values.   It Is in this area that perhaps the most rapid development is taking 
place to produce accurate, robust and reliable instrumentation.   To a lesser 
extent the basic chemical and physical models of the behaviour of the process 
are being improved.   However, the basis of establishing reliable mathematical 
and empirical relationships depends, in turn, upon accurate measurement. 

The concept of total automation In the Iron and steel Industry Is still a long 
way off.  At the moment, automation has been applied in areas where the 
largest cost benefits can be found.   However, there Is a tendency to group 
processes together under a control automation system; for example, re-heat furnaces 
and rolling mills, and hot and cold stip mills.   However, the total automation of 
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proceses from raw materials handling to finished product despatch would 
require a detailed knowledge of the flow of material through the works and an 
ability to identify individual pieces of products as they progress through the 

works. 

It is unlikely at the present time that the costs of a fully automated system 
can be offset by the savings that accrue from such a system, but certainly 
within the total system, particular areas will be automated increasingly to reduce 
dependence upon human judgement and control. 

For developing countries, It Is important to distinguish between the 
judgemental and control functions of automation.    Where automation is used for 
control, it is often because the control demands are beyond the capacity of human 
reactions.    It is   therefore   necessary,regardless of the state of development 
the country has reached,     if the control system is installed to take judgemental 
action then it is probably justified on the basis of the cost of skilled operators - 
: sillon that may apply to a developed country but not to a developing one which may 
possess a tradition of crafts, and hence, craftsmen capable of training as skilled 

operators. 
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CHAPTER 25 - ENERGY REQUIREMENTS 

25.1 Integrated works 

The term "integrated works" was originally used to describe a works 
designed to achieve an energy balance internally, with coke as the only input» 
being regarded as a reductant rather than a fuel.    Even though a complete 
energy balance may not be achieved, it is still true that the principal benefits 
of the integration of iron and steel works result from the use that can be made, 
within the works itself, of by-product fuels, and the energy savings that arise 
from the ability to pass hot intermediate products from one process to the next, 
so minimising the heat required to bring them to working temperature.    The 
cost of fuel and power in an iron and steel works constitutes about one quarter 
of the total operating costs, and it is therefore essential to use the optimum 
fuels and to have the correct balance of fuels. 

The normal process route for a modern integrated works involves the 
manufacture of iron by the blast furnace and its conversion to steel by basic 
oxygen furnaces.    An alternative route for smaller works is direct reduction 
followed by electric arc steelmaking.    The trends of energy usage in each of 
these works is discussed in the following articles. 

25.2 The blast furnace - BOF route 

In the blast furnace - BOF route, the bulk of the fuel is consumed in the 
form of metallurgical coke. 

The price of metallurgical quality coal is now high relative to the cost of 
fuel oil and non-coking coal in terms of its ability to produce heat.   In consequence, 
as discussed in Chapters 8 and 10,efforts have been made to reduce the coke rate 
of the blast furnace, and hence the requirements for metallurgical quality coal, 
chiefly through improvements in burden preparation and improved furnace practices 
such as the use of high blast temperatures and high top pressures.    Further reduc- 
tion has been achieved by the substitution of fuel oil injected into the blast furnace. 
These developments will continue and we foresee coke consumption in blast 
furnaces being reduced by a further 100 or 1 50 kg per tonne during the next decade. 

I 
These economies in coke are reducing the amount of gas evolving in the. works 

so that the total thermal energy available in the coke oven gas and blast furnace 
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gas are no longer sufficient for the requirements of the complete integrated works, 
and the remaining requirements, including the generation of electric power, must 
be met by use of other fuels.      The particular fuel chosen will depend on its 
availability and on the relative cost of the useful quantity of heat produced by it. 

Provided that the costs of transmission are not high, it is now normally more 
economic to buy electricity from the supply authority for the base load of the works 
than it is to generate it locally.    Despite this, it must be possible to generate 
some electricity on site.    The reason for this is that sufficient power must be 
available at all times in order to support essential loads in the event of a failure 
of the authority's supply.    Essential loads are those which enable the plant to shut 
down in safety, but not to maintain production at even a greatly reduced level.   If 
the external supply is not very secure, then there should be sufficient generation 
equipment to provide for continuous operation of the works, although at a reduced 
output, when the external supply fails. 

An indication of the magnitude and effect of these trends in energy usage over 
the next ten years is given in Figure25.1.    This shows the changes in energy flow 
with the decreasing consumption of coke.    The calculations are based on a large 
blast furnace/BOF works of 5 million tonnes annual capacity.    A decrease of 
J 25 kg of coke per tonne is assumed and increases in efficiency expected in mill 
furnaces are also incorporated.    In calculating changes in the works thermal 
requirements it has been assumed that any additional energy required will be 
supplied by fuel oil.    The nett annual saving in energy requirements are 6100 
tera joules and at present day prices for fuel oil and metallurgical coke this 
corresponds to a nett saving in the energy cost of approximately $1.5 per product 
tonne.    There are also other capital cost savings which accrue from using fuel 
oil as a replacement for coke, such as smaller coke ovens and blast furnaces. 

25.3  The direct reduction - electric arc furnace routes 

The direct reduction processes do not generate any valuable by-product 
gases of the kind that arise in coke making or blast furnace iron making.    Any 
trends there may be in energy usage in this route, therefore, will affect each 
process separately without icacting on any of the other processes. 

The choice of energy source for each direct reduction process [3 
governed by the technological characteristics of the process, but it is the 
availability and price of fuels that largely determines what process is used. 
Generally, direct reduction processes produce iron in solid form with subsequent 
steelmaklng usually in electric arc furnaces.    If electricity Is cheap, however, 
electric smelting followed by BOF steelmaking may be the chosen route. 

Although the electrical energy consumed by electric arc furnaces decreases 
as the size of furnace increases, there is not likely to be any significant reduction 
In the consumption of a furnace of a particular size during the period up to 1980. 
The rolling mill furnaces will become more efficient, with a consequent annual saving 
in a 500,000 tonne a year works of about  85 TJ. 
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25.4 The scrap based electric arc furnace route 

In a non-integrated works, based on scrap rather than iron ore as the principal 
raw material, the energy requirements of the electric arc furnaces are lower than 
those of furnaces charged with reduced products because less slag is made.    In 
practice, the charge comprises both scrap and pig iron, and the minimum power 
consumption occurs when about 10 percent of the chargs is pig iron. 

There is scope for saving electrical energy in a scrap-based electric arc 
furnace by preheating the scrap, usually to a temperature of 500-700 C, in the 
•crap bucket, using either gas or oil.    A typical saving, in a 500,000 tonne a year 
works, is about 145 TJ (80 kWh per tonne).    To obtain this saving, 310 TJ of gas 
If used for preheating the scrap.    At first sight it may appear that there is a net 
increase in energy use, but it must be remembered that the efficiency of generation 
of electrical energy is about 25 percent; and allowing for this gives a saving in the 
consumption of primary fuel, assumed to be natural gas, of about 270 TJ per year. 



CHAPTER 26 - LOCATION OF IRON AND STEELWORKS 

26.1 Factors affecting location 

The location plan for a national steel Industry depends on two main groups of 
factors; first are the technological factors affecting the type of works, costs of 
operation and transport economics, second are the politico-economic factors. 
The social costs and benefits of the latter are not quantifiable in general terms, 
these being factors which are the direct concern of the nation involved.   The relevant 
technological factors are given below: 

(i)   The availability and location of raw materials and the location and size 
of markets. 

(Li) The location of the existing steel Industry. 

(iil) The availability of various forms of energy. 

(iv) The positioning of the existing transportation network. 

(v)   The availability and location of infrastructure capable of supporting a 
steelworks.   This includes skilled management and operatives. 

(vl) The processes available for selection. 

In some cases.technologlcal factors may effectively rule out location In certain 
areas, and these factors should In consequence be considered In this way before 
an economic evaluation of alternatives Is made.   In locations which are feasible, 
the decision as to which is the optimum choice depends upon the careful evaluation 
of the effect of all factors.  There is no general answer, and each location must be 
considered separately on its merits. 

26.2 Historical background to location 

In the last century European steel industries grew up in areas where Iron ores 
and coking and non-coking coals were available within the same region.   Industry, 
the market for steel products, was also powered by coal and so grew up In the same 
areas.   In these circumstances the location of an integrated iron and steelworks 
was not a problem. 

Bythe middle of this century, however, depletion of traditional sources 
coupled with the demand for higher grade ore led to the development of remote 
ore fields.   In the last two decades the development of bulk shipping has allowed these 
richer ores to be further exploited, with their attendant economies in Ironmaking. 

"Î86 
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Partly because these deposits happen generally to be In unfavourable climatic zoneo and 
partly because the soils arising from such rocks are ecologically unsuitable for 
the majority of flora and fauna, modern iron ore mines are found in 
undeveloped areas.    Moreover, these higher grade ores were formed 
In rocks far older than the coal measures in geological conditions which 
are such that they do not occur in the same geographical area as the coal. 
In consequence the traditional factor affecting the location of an iron and 
steelworks namely the juxtaposition of iron ore, coal and markets, has ceased 
to apply, and many steelworks are now located far from their iron ore or 
coal supplies or sometimes from their markets. 

Although it is generally no longer possible for an Iron and steelworks to be 
located adjacent to more than one of the three factors mentioned above, It Is the 
transport economics which play the major role In determining the most economic 
location for the works. 

26.3 Heritage 

Much of the potential value of a location as a site for a steelworks depends 
on what is already there.   Moreover in developed countries and In the socio- 
political context, the prior existence of heavy Industry In an area means that 
there is possibly less likelihood of objections being raised to proposals to build 
a new works. 

One of the principal advantages of a site with a history of steel or other heavy 
industry is the heritage of labour skills available.   This has a major effect on the 
learning time and ultimate output performance attained at a new works - factors 
which make a very important contribution to the cost per tonne of product.   The 
lack of it is particularly evident when starting up a new works In an otherwise non- 
industrial society, and Is only partially to be remedied - at additional expense - 
by bringing in experienced labour from elsewhere. 

The presence of adequate external services can be a major advantage to a 
new works.  If access roads, railways, water and electricity supplies do not 
already exist In an area, the steelworks must bear the high cost of setting them 
up, In whole or in part.   Sea links can be particularly costly In this respect, 
especially If the steel company has to provide its own dock facilities. 

Of even greater cost can be the provision of the total Infrastructure of housing, 
hospitals, schools - all the complex services that the labour force needs.   In some 
areas a large proportion of the cost may have to be borne by the works, if a large 
influx of people Is Involved and no financial support Is forthcoming from the 
Government or local authorities.   The total fost of a fully developed township 
to support a 10 million tonne Integrated steelworks, including a full transportation 
network, Is more than the capital cost of the steelworks. 

26.4 Operational performance 

Two aspects to be taken into account when assessing suitable locations are 
the rate of growth of production attainable when starting up a new works or 
developing an existing one, and the maximum output to be achieved when the 
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works is fully operational. Both of these will affect the cost of the finished 
product, and may in consequence determine the choice to be made between 
alternative locations. 

Many factors influence operational performance, but ultimately it depends 
on the abilities of the labour available, coupled with those of management. 
Management has to organise the phasing of the work to be undertaken, and the 
recruitment, training and deployment of the men to make best use of the plant. 

Recruiting good-quality operational management for a new steelworks is more 
difficult In a non-lndustrlalised country than In an Industrialised one.  The fact that 
a lack of local managerial background in steel usually occurs in areas where 
capital cost Is high due to lack of heritage, and where the workforce have no 
experience of heavy Industry, serves to accentuate the penalties of Inadequate 
management.   Starting up a new works Is a particular problem, as it imposes 
a heavy workload on all levels of the management structure and demands 
organisational skill often different from that required for running an established 
works; and it ishere that consultants or temporarily engaged expatriate staff 
can play a useful part in reinforcing the local management team. 

The importance of good management In this context Is demonstrated in Figure 
26.1. Case A is the 'learning curve' representing a rapid and efficient build-up of 
production in a well-managed plant.   The other two curves illustrate what may 
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happen if management is not of this quality.   The rale of build-up may be slowed 
down, delaying the attainment of full output, as in Case D, in which an extra two 
years are taken to achieve this target.   Or the designed output is never reached, 
and the work operates permanently at below its maximum potential throughput, 
as in   Case C. 

The penalties can be assessed by carrying out a discounted cash flow 
calculation over say fifteen years.   The figures thus derived apply to every tonne so 
sold throughout the life of the project.   Case A represents a 3 million tonnes per 
year works with finished product costs of $150 per tonne.   The slower build-up 
In Case B raises the costs to $162 per tonne - a penalty of £12.   Hie even more 
Inefficient Case C adds a further $7 raising the product cost to $169 per tonne. 

26.5  Transportation costs 

Rroduct and raw njateria_l_tr_a_nsj)o_rt_ 

As stated in Article 26.2, it is now common for a steelmaking country to import 
either coal or iron ore;   it may sometimes be necessary to import both.    This involves 
the cost of transporting either 1.5 tonnes of iron ore or 0.7 tonnes of coal for every 
tonne of steel product which, in turn, has to be transported to the market.    Since 
the density of coal is much less than that of iron ore, the actual transport costs 

per tonne/km are similar in cither case assuming that the distance and transport 
mode are the same. 

The costs of transporting one or other (or both) of the raw materials have to 
be weighed together with the costs of delivering the finished products to the 
markets, which may either be scattered at some distance from the steelworks 
or located close to it.    The trend at present is to locate new Integrated works 
on coastal sites since at least one major raw material generally has to be imported 
and can then be fed to the works at a point where transhipment has in any case 
to be effected.    Moreover, an established port is often a market centre in Itself, 
with the necessary infrastructure for a steelworks, as well as being a node in 
the national transportation network. 

Scale of output and rnarket location 

Whether a large works can supply a given market more economically than 
a number of smaller works will depend very largely on the costs of transporting 
finished products.    Where a number of large inland markets are separated by 
relatively short distances, provided that a good transport network exists, the 
economies of scale can justify the setting up of a large central works as opposed 
to smaller works at each market centre.    Table 26.1 compares various ways 
of satisfying a hypothetical market, typical of the situation In developed countries. 
The larger works are seen to have definite advantages when the av .rage transport 
distances over which products are transported is not more than 1500 kilometres. 

Sea transport costs are normally less than those for Inland transport; 
thus,  If the mr.rket is represented by a series of small centres along a coastline, 
the economies of scale are likely to outweigh the costs of transport.    Under such 
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J TABLE 26.1 - EFFECT OF SIZE AND LOCATION OF STEELWORKS 
ON PRODUCT COSTS 

1. 

2. 

3. 

Case 

3 million tonnes per year 
steelwork« located at market 
centre 

6 million tonnes per year 
steelworks: 3 million tonnes 
per year sold locally; 3 million 
tonnes per year transported 

9 million tonnes per year 
steelworks: 3 million tonnes 
per year sold locally; 6 million 
tonnes per year divided equally 
between two equidistant market 
centres. 

Mean product costs ($per tonne) 

ISO 

Distances transported (km) 

1500 

ISO 

144 

2400 

154 

ISO 

circumstances, a single, large, works can be the most economic solution, even 
though the Individual tonnages transported to the market centres may be quite 
•mall. 

) 
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CHAPTER 27 - TRENDS IN PRODUCTION OF STEEL 

27.1      Factors causing changes in the production pattern 

In the foregoing chapters the major changes which have been and are still 
taking place in the manufacture of steel products have been discussed.    There 
are two main factors causing these changes in the pattern of world steel production • 
the increase in size of the production units and the pattern of supply and utilisation 
of raw materials.    These factors have an influence not only on the works and its 
individual production departments but also on the structure of the whole industry 
within a country or even within an international region. 

Although there is some indication that the rate of increase in the size of 
production units is now slowing down, and that in certain areas the capacities now 
available have developed beyond the requirements of the market, the pattern of 
supply and utilisation of raw materials still has potential for change, particularly 
in the siting of steelworks. 

27.2.    The trend towards large works and its implications 

Iron and steelworks have steadily increased in size since the last century 
but more recently, since the second world war, there has been a dramatic increase 
in the maximum size.    Whereas previously works of about one million tonnes per 
year capacity were considered large and highly economic,    works of over ten 
million tonnes are now being built. 

The rapid increase in scale of works has been brought about by the increase in 
size of individual production units as the economies resulting from larger unit 
size were proved and the facilities to produce these units were constructed.    It is 
now possible to integrate the productive capacity of much larger units to take 
advantage of the economies of scale of a whole range of processes. 

The key process in a steelworks is the steelmaking process itself.    To 
produce outputs of up to one million tonnes a year the number and size of furnaces 
had increased during the 1950's, resulting in open hearth steelplants with up to 
ten units and in furnace sizes of several hundred tons capacity in open hearth 
shops and over fifty tonnes capacity in Thomas shops.    The advent of the DOF 
with its basically simpler and faster operation meant that high output shops could 
be built with only two or three converters, and there has consequently been a 
dramatic increase in the maximum capacity of single steelplants to many millions 
of tonnes per year. 
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Simultaneously with the development of the large BOF plants, continuous 
casting was entering a phase where it proved reliable enough to compete with 
ingot casting.   By removing the necessity for handling moulds, continuous casting 
is able to reduce the materials handling requirements in new integrated plants 
or increase production in existing works. 

The big increase in capacity of steclplants has been matched by a similar 
increase in the outputs of rolling mills.    The continuous mills that were being 
developed, particularly for strip rolling, had grown to a size capable of 
absorbing the output of a giant BOF steelplant by the time this process had 
attained commercial acceptance. 

At the ironmaking stage, the si7.es of blast furnaces are now such that the 
plant is capable of feeding even a large steelplant from a small number of units. 

The growth in the potential output of the various production plants has now 
reached a stage where the maximum economies of scale have been ajproached. 
The present size of flat-product works with optimum sized units appears to be 
about six million tonnes a year, but a second steelplant can be added, with 
extended ironmaking capacity and additional rolling mills, to double this output. 
hi such a case some savings can be made in service facilities, and with careful 
planning the difficulties arising from more complex materials handling and the 
overall management problems of running such a large works may be successfully 
overcome. 

In the past, the development of small production units which supplied local 
markets could be planned on a piecemeal basis, because it was reasonably practical 
for the decision-maker to be aware of all the issues affecting his decisions. 

Modern works, having very large units of production and requiring large 
amounts of capital to be invested, have to take account of the demand for steel 
products in a whole region. It is therefore imperative to give careful consideration 
to the phasing of production facilities to the development of the markets which they 
will serve, and national and regional planning have become necessary to balance 
the total development,     whether the facilities are being installed to meet a growth 
of demand or to replace obsolete facilities.    The fact that fewer units are required 
in each planning region has led to co-ordinated planning, in many countries by 
government agency, with a view to avoiding duplication of facilities.    This, in 
addition to the influence which many governments seek to exert over the prices of 
steel products, has led to a position in which, either through nationalisation of the 
industry or by other measures, government plays a major part in the overall 
strategic planning of the steel industry in most countries. 

Further, the problems of planning and financing are leading to the position 
in which the planning of steel works will be increasingly considered on a multi- 
national company or an international basis.    Such co-ordination has been taking 
place since 1954 within ECSC.    The interdependence of EEC member countries, 
especially as regards steel products, demonstrates that national security is no 
longer considered a major criterion.    Trade in raw materials and steel products, 
together with international investment in materials and their distribution, invalidate 
national boundaries as the natural areas in which to plan the development of steel. 
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However, the very large steelworks Is not appropriate to every situation 
and side by side with this development there have been developments In the 
concept and designs of efficient "mini-works" supplying a limited range of 
products in a limited market area.    This subject is fully discussed in Chapter 22. 

It Is sufficient to say here that because mini-works take advantage of 
favourable but not typical circumstances, they can never be a dominant part of 
the steel industry and will never produce more than a small proportion of the 
market demands.    Indeed, in some countries the mini-works may only be a 
transient phase in the development of the steel Industry.    In particular, where 
an Industry Is developing rapidly from a relatively small amount of heritage 
(as In Brazil) it may well be that with a well-planned industry in which large 
electric arc works and large modern rolling mills are sited adjacent to the 
market, the operational advantages which m ini-works are enjoying in other 
countries at the present time will not be apparent. 

27.3 The effect of changes in Iron ore usage 

The pattern of steelmaking and distribution is undergoing a major change at 
the present time in many countries because of the change from the utilisation of 
home ores to Imported foreign ores.    The siting of works is a question of optimising 
for the lowest total cost of transport, and the typical solution for a large number 
of countries is now the establishment of large coastal works Into which the iron 
ore Is shipped direct.    The speed of change, however, is heavily influenced by 
the heritage of both plant and management In the original geographical locations 
of steelworks. 

The pattern of development of International trade in high grade ores is shown 
In Table 27.1.    The iron ore traded constitutes over one-third of the total quantity 
of Iron ore used, which Is some 650 million tonnes.    Importing countries have a 
choice of where they purchase their Iron ore.    In these circumstances, the pattern 
of trading can be regarded as being relatively stable.    As the countries which supply 
the Iron ore are spread throughout the world, the total supply can be viewed as 
being relatively insensitive to political issues arising in one part of the world.    This 
pattern of trading represents a major divergence from the previously widely accepted 
requirements that steel in the industrialised countries should be produced from their 
own raw materials for national security both commercial and military. 

The situation In 1980 is thus likely to be similar.    The forecast world demand 
for steel Is about 950 million tonnes which will lead to a consumption of at least 
1,000 million tonnes of Iron ore, and the proportion that is traded is likely to be the 
same as In 1970 I.e. approaching 400 million tonnes in 1980.    Table 27.1 gives one 
forecast of the 1980 trade in iron ore, which totals 350 million tonnes;  this forecast 
may well prove a conservative estimate. 

A large number of the industrialised countries now rely on a major proportion 
of Imported Iron ore, the most significant example being Japan.    The Indication of 
this is that to be competitive, either in the home or export market, it Is not 
necessary to have an indigenous source of Iron ore.    Clearly, howevei, the 
existence of a source of high quality iron ore in a country must constitute an 
advantage at least as regards Its home markets, the position in the export markets 
depending on the relative costs of transportion of materials. 
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Year (19--) 58 59 60 61 62 63 64 05 66 67 68 69 • 70 
Est. 

i;wo 

Liberia Exports 3.7 6.4 12.2 15.3 16.5 17.4 19.2 20.6 57 

USA. 

Canada 

Impor's 
Exports 

Imports 
Exports 

27.8 
3.4 

3.0 
12.4 

35.6 
3.0 

2.5 
18.5 

34. G 
5.2 

4.5 
16.6 

25.8 
5.0 

4.1 
14.9 

33.4 
5.9 

4.6 
21.6 

33.5 
6.8 

5.3 
23.8 

•43.1 
7.0 

5.2 
30.5 

45. 8 
7.0 

4.8 
30.8 

47.0 

7.8 

4.3 
30.7 

45. 4 
5.9 

2.4 
31.4 

44.6 

2.8 
3C.6 

41.4 
5.3 

2.3 
28.4 

45.6 
5.5 

2.2 
30.3 

53 

8 

3 
44 

Brazil 

Chile 

Exports 

Exports 

Exports 

2.8 

3.6 

4.0 

4.3 

17.4 

5.2 

5.2 

19.3 

6.8 

6.2 

14.6 

7.6 

7.2 

13.3 

8.2 

7.1 

12.3 

9.7 

9.1 

14.9 

12.7 

10.7 

17.0 

12.9 

11.1 

17.0 

14.3 

9.9 

16.5 

15.0 

10.5 

15.1 

21.5 

9.6 

19.0 

•i 

' 97 
Vene- 

zuela 

India Exports 

Imports 7.6 

2.5 

10.4 

3.4 

14.9 

3.2 

20.9 

3.4 

22.1 

3.8 

26.0 

9.9 

31.2 

10.9 

39.0 

12.3 

44.1 

13.4 

56.7 

13.7 

68.2 

15.7 

83.1 

16.5 

102. ü 172 Japan 

ECSC * Imports 

Exports 

Imports 

Imports 

Exports 

Imports 

Imports 

Imports 

23.8 

0.8 

1G.9 

1.0 

15.3 

17.0 

2.3 

1.8 

22.7 

0.7 

18.3 

1.0 

20.0 

20.0 

1.6 

1.9 

34.3 

0.8 

20.8 

1.5 

27.2 

33.7 

2.6 

2.3 

34.8 
0.7 

20.7 

1.7 

25.9 

32.7 

3.3 

2.3 

33.1 

0.6 

21.2 

1.9 
25.7 

29.1 

4.4 

2.3 

36.5 

0.5 

19.8 

3.5 

21.2 

27.1 

5.2 

2.5 

47.7 

0.5 

23.0 

3.6 

22.1 

35.1 

5.0 

3.1 

53.8 

0.4 

23.7 

3.9 

20.8 

35.6 

7.9 

3.6 

50.5 

0.4 

21.4 

4.2 

18.2 

31.3 

8.1 

3.5 

55.4 

0.4 

21.9 

4.8 

17.5 

31.9 

9.9 

3.6 

67.1 

0.1 

26.3 

5.0 

18.3 

39. C 

10.1 

4.4 

75.2 

0.4 

27.6 

6.9 

18.5 

43.4 

11.0 

5.0 

84.0 

0.9 

29.2 

9.6 

18.6 

47.8 

10.7 

5.4 

r,:3 ++ 

BelRium- 
Luxcm- 

bourg 

France 

W.Ger- 

many 

Nether- 
lands 

Sweden Exports 

Imports 

14.8 

i  12.9 

15.5 

13.4 

19.7 

18.0 

20.3 

15.0 

19.4 

12.9 

20.3 

14.3 

24.3 

18.9 

24.5 

19.2 

22.3 

16.2 

23.1 

16.3 

28,8 

17.9 

31.7 

18.5 

28.0 

19.9 

26 

UK 

USSR Exports 11.9 13.4 15.2 16.3 18.9 20.8 22.6 24.1 26.1 28.7 32.2 33.1 64 

Australia Exports - - - - - - 0.1 0.3 5.5 12.5 20.4 57 

World" Imports 
1 • 

75.1 84.6 106.3 100.6 106.1 115.6 146.1 162.6 162.1 176.2 200.6 220.7 252.6 351 

Imports from and Exports to Third Countries. 
USA, Canada, ECSC. lapan, UK only. 
Includes Peru. 
Includes UK. 

Sources:   BSC   Statistical Handbooks. 
The Changing World Market for Iron Ore 1950-1980.  G. Mannen. 
John Hopkins Press, Baltimore and London (1971). 
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27.4     The effect of scrap supply 

After iron ore in its various forms, scrap is the only other significant source 
of iron used at present in the production of steel.    It arises in three ways: firstly, 
as works scrap arising in the steelworks;   secondly, in the processing of steelworks 
products into engineered goods; and thirdly, through the obsolescence of capital 
goods. 

The form and locations in which scrap in the steelworks and engineering works 
arises are such that in normal circumstances it is readily available in a reasonably 
usable form. 

Capita] scrap, however, arises in a large number of ways and ranges from 
scrap which can be readily collected and used by a steelworks to scrap for which 
the cost of reclamation would be obviously uneconomic.    An example of scrap 
recovery which has recently become economic in countries with a large turnover 
of cars is the 'Prolerising' process.    In most stcclmaking countries, process and 
capital scrap is readily available to the steel maker at a price determined by the 
commercial arrangements for its procurement and transportation to the steelworks. 
So far as procurement is concerned, the quantities of scrap which could be made 
available are on the whole relatively insensitive to the price that is paid for the 
scrap, because much of the scrap originates in such a way that it would not be 
profitable to store it to await more favourable prices.    There are certain exceptions 
to this statement, notably ship-breaking scrap, where the owner of the steel has 
some choice of when he sells for scrap and can afford to hold on for a good price 
without incurring heavy storage costs.      From the point of view of transport 
economics, there is a natural tendency for scrap to be consumed by the steel 
maker in the region in which it arises. 

Iron ore is traded internationally and the normal commercial relationships 
have determined its price on a supply and demand basis.    The price of steel 
In any country or region is largely determined by the cost of making steel from 
this ore.    Beyond a certain minimum requirement scrap is then in competition with 
iron ore and the price of scrap in the market adjusts itself to make the utilisation 
of scrap economically attractive to the steel maker. 

The international trade in ores will lead to a position in which there is a 
greater parity in the cost of making bulk steel throughout the world.    This is 
likely to influence the regions within which a balance of the utilisation of scrap 
will be established, further enlargement of the region carrying too high a 
transport cost penalty.     Thus the aim will be to establish with'n such regions a 
pattern of steelmaking development, employing the blast furnace/BOF hot metal 
route and the electric arc scrap-based route which together create a balance in 
the utilisation of scrap arising within the region, together with imported or 
Indigenous iron ore. 

Table 27. 2   demonstrates that the concept of scrap being used on a 
regional basis is valid.    The world level of consumption of scrap for steelmaking 
in 1969 was about 200 million tonnes.    The quantities of scrap traded by comparison 
are relatively insignificant and   in the main   represent tactical trading,which may 
appear from time to time in all aspects of international commerce.  Although a 
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TABLE 27.2 -   EXPORTS AND IMPORTS OF IRON AND STEEL SCRAP 

(Millions of tonnes) 

1964 1965 1966 1967 1968 1969 1970 

Australia Exp. 0.4 0.4 0.3 0.5 0.4 0.5 

Canada Imp. 0.8 0.9 0.7 0.5 0.6 0.6 0.8 

Exp. 0.6 0.2 0.3 0.4 0.4 0.7 0.6 

ECSC Imp. 2.1 1.5 0.8 1.2 2.1 2.2 1.9 

Exp. 0.2 - - - - 0.1 0.1 

Belgium/Luxembourg Imp. 0.2 0.1 0.2 0.2 0.3 0.6 0.8 

Exp. 0.6 0.7 0.7 0.8 0.7 0.7 0.7 

France Imp. 0.6 0.5 0.5 0.5 0.4 0.5 0.4 

Exp. 1.5 1.8 1.8 2.2 2.2 2.2 2.6 

W. Germany Imp. 1.8 1.1 0.7 1.1 1.6 1.2 1.4 

Exp. 1.3 2.0 2.0 2.1 1.8 1.8 2.2 

Italy Imp. 3.2 4.6 4.1 5.0 5.1 5.1 5.1 

Netherlands Imp. - 0.1 0.1 0.2 0.2 0.3 0.3 

Exp. 0.4 0.5 0.4 0.6 0.7 0.7 0.8 

India Exp. 0.5 0.4 0.5 0.5 0.5 0.5 0.4 

Japan Imp. 5.1 3.4 3.5 6.7 3.9 4.9 5.8 

Poland Exp. - - - - 0.2 0.2 

Spain Imp. 0.3 0.4 0.4 0.4 0.6 1.2 1.4 

Sweden Imp. 0.2 0.2 0.2 0.1 0.2 0.4 0.5 

UK Imp. - - - - - 0.3 0.3 

Exp. - - - - 0.9 0.6 0.4 

USA Imp. 0.3 0.2 0.4 0.2 0.3 0.3 0.3 

Exp. 7.1 5.6 5.2 6.8 6.0 8.3 9.4 

USSR Exp. 0.5 0.6 0.6 0.7 0.7 1.3 

Yugoslavia Imp. 0.1 0.1 0.1 - 1   0.. 0.1 

Sources:      ESC Statistical Handbooks 
The Iron and Steel Industry in 70 (OECD) 
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significant tonnage is shipped by the USA to Japan and Italy, this represents less 
than 20 percent of the quantity of scrap consumed in the USA and in Japan.   Only 
in the case of Italy does the tonnage traded represent a significant part of the 
total amount of scrap consumed in the country and, as would be expected, scvapprices 
in Italy tend to be nearer than Japanese prices to the price of scrap in the USA. 
In Japan, the dominance of the BOF route and the long term falling cost of iron 
ore, taken together with the relative place of imported scrap in the total steel 
make, have kept scrap prices much nearer the free market price of scrap in 
the EEC.    However, scrap imports to Japan represent a decreasing proportion 
of the scrap being consumed and even in Italy the large tonnage of blast furnace/ 
BOF steelmaking plants which are being installed in that country will decrease 
the relative reliance on scrap. 

In examining the implications of the above concepts, relating to regional 
scrap balance, care should be taken not to place too much importance on transient 
conditions which may apply only at the present time.    Although the general 
pattern of usage of scrap around the world could be in line with these concepts, 
the trading of scrap by the USA to Japan and Italy is an exceptional feature. 
It can be explained by the geographical pattern of development of industry in 
the United States which made it expensive for scrap to be transported from the 
areas in which it arises to the steelmaking areas.    Merchants have found ready 
markets in Japan and Italy, in which the steel industry was expanding very 
rapidly, and in which it was possible to direct the pattern of developments to 
match the most economically available raw materials.    It is probable that this 
pattern of trading will not continue in the long term, and indeed there are signs within 
both the Italian and Japanese industries that they are seeking to reduce their 
dependence upon trading of scrap by the construction of a number of large blast 
furnaces/BOF works. 

In a slowly developing industry, it is difficult to alter the structure of the 
industry witliin a short period of time.    Thus where historical evolution or 
technical changes have produced an out-of-balance       situation, a so-called 
scrap shortage (or surplus) can arise. Scrap shortage is typically 
associated with a high price of scrap.    Insofar as this problem cannot be solved 
in a very short period of time the question arises whether to base decisions on 
the prevailing price of scrap or to plan to establish a balance in raw materials. 
In commercial terms, it may be possible in the short term to justify certain 
decisions on the basis of the high price of scrap, but such a decision may not be 
in the best long term national interest.   For example,  some direct reduction 
plants have been justified on a commercial basis relative to a high price of scrap. 
If, however, a long term price of scrap comparable to that  established 
In countries where there is a balance of raw materials (say $30 per tonne), 
had been used, then the installation of these plants could not have 
been justified on economic grounds.    Direct reduction processes should thus be 
looked upon as consumers of iron ore, rather than as producers of a substitute 
for scrap, the real question being whether they can be economic relative to the 
blast furnace/BOF steelmaking route. The often expressed view that possession 
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of a pre-rcduced pellet plant can effectively control scrap prices Is 
unsound,because once a plant is installed the pellets must be used even when 
scrap prices are low; either shutting clown the plant or stocking pellets with- 
out deterioration would have the effect of increasing the average price of the 
pellets and hence the scrap price can only be controlled at a higher level than 
would normally obtain. 

27.5     The effect of coal supplies 

Apart from the iron bearing materials, ore and scrap, the only other 
internationally traded material that has a major influence on the world steel 
industry is coking coal, which combines the roles of fuel and reducing agent 
in the blast furnace process. 

Although in the early 1960's it was thought that the availability of coking 
coals would be a major world problem, developments in the processing of coals 
now make it possible for the blast furnace to use qualities of which the world 
resources a re much greater. 

Although complete import and export figures for coking coal, as distinct 
from other types of coal, are not recorded, some Indication of the level of trade in 
coking coal between major suppliers and consumers is given by the tonnages  shipped in 
1967.    The figures refer to millions of tonnes. 

I 

Exporters Importers 

Country Tonnage Country Tonnage 

USA 30.3 Japan 24.0 

West Germany 9.5 Canada 5.6 

Australia 9.0 Benelux 3.0 

Poland 2.1 Italy 7.9 

France 4.8 

Netherlands 3.1 

The annual international trade is thus in excess of 50 million tonnes, to which 
must be added a trade in prepared coke of about 20 million tonnes. 

Although at the present time the sources of coking coal are more restricted 
in number than those of iron ore, it is not considered that potentially large 
consumers should have any major problems in negotiating contracts with the 
major suppliers. The present prices, however, are very high.    Figure 27.1 shows how 
prices have risen very rapidly since 1969; in the first half of 1971, the FOB price 
of American coking coal for delivery to Europe had shown a further rise to 
$19-20 per tonne.      In the future, however, with the developments in coking 
techniques, other sources of coal are likely to be developed on a commercial basis, 
and prices may then settle down at a more reasonable level. 
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27.6     Factors affecting the shape of steel works 

The steel industry in a region or a country is concerned with the utilisation 
of iron ore and scrap for the production of semi-finished steel products, through 
the various steel making routes, the subsequent rolling of these into finished 
products, and the marketing of these to stockholders and users.    The ways in 
which this total activity are carried out are influenced by a number of technical, 
commercial and geographical factors which determine what may be called the 
'shape* of the various works that are established, that is to say, the range of 
processes that are carried out in the works. For example, integrated works, 
semi-integrated works, re-rolling works, etc., arc works having different 
'shapes'. In the past, consuming industries and steelworks, with their common 
needs of energy and transport were typically concentrated in the same locations. 
Technical and economic factors then determined whether a particular works should 
produce pig iron, semi-finished products for feeding to re-rolling works 
or finished products.     Factors which influenced the shape of the works included the 
utilisation of waste gases, the specialist service which the final re-roller was able 
to provide to the customer in the market place, and the degree of common ownership 
with steel-using enterprises. 

The significance of these factors has changed with time and other factors have 
assumed increasing importance.    Works are now much larger, and in particular 
the plant for producing a particular product may now be larger than is required 
to satisfy a single market region.    Further, new industries are now located 
nearer to the major concentrations of population and services, while the location 
of works in many countries will be at deep water coastal sites, which may not be 
adjacent to the market.    These changes lead to a review of the basic factors 
which determine the shape of works. 

Firstly, up to the semi-finished product stage, the production units are 
concerned with the bulk manufacture of basic products.    Even though a variety 
of semi-finished products may be produced, their numbers are small by 
comparison with the many specifications that exist for the finished products.  It 
is possible, therefore, for the production of semis for re-rollers to proceed 
with only a broad knowledge of the end products which are required by the market; 
it is the business of the re-roller to order semis to specifications that suit his 
knowledge of end products. 

The rolling of semis to finished products then requires a detailed knowledge 
of the specifications of the products required.    In practice, the industry finds 
it difficult, at present, to manufacture in advance of orders, and to supply from 
stocks.     Since the industry rolls to order, it neers to be in close touch with 
customers, and this may influence the location of the rolling mills near to the 
customers, even if the basic steel-making up to the semi-finished product stage 
is best carried out elsewhere.    There are, in fact, differences between the 
service requirements of the flat and non-flat sectors of the industry; the 
former tend to have contract orders from single customers, for example the 
automobile manufacturers, whereas the latter tend to supply a larger range of 
products to a greater variety of smaller customers. 
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Another factor which has become increasingly important concerns the 
size of investment which is required and hence the way in which funds can be 
attracted to the industry.    Large iron and stcelmaking complexes, whether 
for the production of billets or slabs, require an investment of several hundred 
million dollars, and rolling mills for the production of flat products also tend 
to require similarly large investments.   On the other hand, rolling mills for 
non-flat products only require an investment of several tens of millions of 
dollars, a sum more easily raised from private investment sources. 

It may be seen, therefore, that the factors which determine the shape of 
works are changing.    Before establishing new works, the technical, economic and 
geographical factors of the region in which the works is to be sited should be 
examined.    Any commercial and technical links between steel producers and the 
consuming industries which they serve apply to the manufacture of finished 
products rather than to the production of bulk steel from iron ore; thus, where 
transport economics indicate there are savings to be made, the production of 
bulk steel could be carried out nearer to the iron ore mine, and semi-finished 
products such as billets, slabs or hot rolled coils transported to the market, 
where they would be rolled into the finished product.    Such a prospect would have 
considerable interest for iron ore mining countries. 

The practicality of moving the centre of steel production overseas has been 
under close study recently by a number of countries and several have 
already investigated the commercial and economic possibilities of investing 
abroad.   For example, the British Steel Corporation has explored the possibility 
of making billets in either Australia or South Africa, but it is reported that such 
a procedure will not be adopted at the present moment.     The Japanese steel industry 
also is known to be interested in the possibility of making semi-finished products in 
South America, though taUks with various countries have no yet proceeded beyond 
the exploratory stage.    On a small scale Australian semi-finished products have 
recently been imported by a German works. 

This practice has certain potential advantages to both the maker and the 
purchaser of the semi-finished products, but there are also disadvantages of a 
commercial nature. 

The advantages are: 

The supplying country, by exporting a more valuable product, 
is acquiring more foreign currency for other developments, often 
much needed in developing countries. 

The purchasing country is avoiding pollution problems associated 
with iron and steel making, of increasing concern in industrialised 
countries. 

Shipping charges are paid on only about half the tonnage compared with 
shipping iron ore. 
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The disadvantages are: 

If the two countries are widely separated, it would often be 
difficult to place orders for semis sufficiently in advance to 
allow for shipping time when a particular order for finished 
products has been accepted. 

There would be additional working capital tied up in the form 
of valuable material in transit between countries. 

Thus, although it is probable that at some future time the advantages will 
bring about such a development, it is difficult to foresee when changes in commercial 
and possibly shipping practices will sufficiently overcome the disadvantages. 

27.7    The growth of production in different areas 

The world production of steel in 1969, chosen as being a mid-cycle year, is 
summarised below: - 

Region 
Steel Production 

Estimated percentage       Million ingot     Percentage 
of world population        tonnes per year     of total 

Western Europe 
including UK 

152 27 

North America 6 

USSR 7 

Asia (excluding mainland 
China and North Korea) 31 

Eastern Europe 3 

Latin America (including 
Mexico) 8 

Others 37 

137 24 

110 19 

*9 15 

40 7 

11 2 

32 6 

571 

It is significant that Latin America, which has a large population and is rich 
in mineral resources and particularly iron ore, contributes only 2 percent to the 
world production of steel.    It would seem that the potential for increasing 
production and trade in steel in this area is considerable. 

The period 1958 to 1968 saw dramatic increases in steel production in a 
number of countries, with différent environmental pressures, as shown in 
Figure 27.2.    The paths along which individual steel industries have developed 
have been different, however, even though in the end they have led to a similar 
kind of development, for example in Japan and the EEC. 
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FIGURE 27..   - GROWTH OF CRUDE STEEL PRODUCTION 
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Steel production in the USA increased by about 43 million tonnes from a 
baseline around 75 million tonnes per year.    This development was based mainly 
on the fast development of her home market.    The USA has raw materials of her 
own but imports a significant tonnage of iron ore.    A similar increase has taken 
place in the USSR, in which from a baseline of about 50 million tonnes per year 
an expansion of about 50 million tonnes per year took place.    This was also 
home market based, using all indigenous raw materials. 

The pattern of development of the Japanese steel industry was different in 
almost every aspect.    As with the industrial development of the 1930's, so again 
in the 1950's the steel industry had to export to contribute to foreign exchange 
earnings, for Japan imports almost all industrial raw materials.    The striking 
feature of the decade 1958 to 1968 is the expansion of steel from a base of 
11 million tonnes to 66 million tonnes.    This involved organising the acquisition 
from overseas on a long-term contract basis of all the raw material?, and 
developing high throughput steel making technology to obtain low cose steel from 
these materials.    The steel industry of the 1950's and early 1960's was given 
priority for the development resources of Governmental agencies, but in order to 
justify the largest and most economic facilities, it was necessary to base the 
development on both the Japanese and Asian markets for steel. 

It is worthy of note that by comparison, an additional 12 million tonnes in a 
decade as a target for Brazil would be a similar step and would be only a 
slightly greater increase than that which was recently accomplished by another 
once predominantly agricultural country, Italy. 

27.8    Financing of production growth 

The levels of investment expenditure by a number of c »untries related to the 
levels of steel production to show the relative importance of the investment, are 
shown in Table 27.3..   Although, as might Ixj expected, Japan has one of the 
highest figures in the table, around $18 per tonnes, it is not as high as Spain ($40 
per tonne for a number of years) or the Netherlands.    A comparable figure for the 
likely levels of spending in Brazil over the next few years is about $50 per tonne of 
steel produced.    Such rapid developmen . rogrammes for the steel industry 
require the commitment of large sums for investment in new plant in both steel 
and user industries.    Such large investments cannot be committed lightly.   They 
may be a major proportion of indigenous funds, whose use will have a serious 
impact on the total development of the economy, or .hey may be obtained from 
sources outside the country for which a guarantee may be required. 

Capital phasing risks for the steel industry are greater than for other 
industries associated with the rapid development of an economy, because the 
steel industry must develop ahead of its main customers, and the risks of not 
fulfilling forecast production plans become more serious in the light 
of commitments to long-term contracts for raw materials.    One interpretation 
of the development of the Japanese steel industry is to view resources devoted to 
technological development and the increasing economies from large plant as 
being pre-emptive bids to secure increasing shares of home and export markets. 
These were needed by Japanese steel makers to give flexibility for the 
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TABLE 27.3 - INVESTMENT EXPENDITURE IN RELATION TO 

CRUDE STEEL PRODUCTION 

($/tonne) 

1965 1966 1967 1968 
  

1969 1970 

Germany 8.5 8.3 6.1 5.5 6.8 13.9 

Belgium 15.5 16.0 11.0 6.4 10.3 18.3 

France (1) 8.6 7.5 9.1 12.4 12.1 15.5 

Italy 19.4 12.2 8.0 6.6 8.7 17.2 

Luxembourg 5.6 6.5 3.5 2.8 6.2 9.0 

Netherlands 11.8 21.0 27.8 33.7 26.4 22.8 

ECSC 10.8 10.0 8.3 8.1 9.5 15.5 

Austria 9.0 14.6 13.8 8.9 7.8 15.2 

Spain (1) 33.1 37.1 41.3 41.9 36.9 33.9 

United 
Kingdom (1) 5.1 4.7 5.6(2) 4.5(2) 3.8(2) 9.7 

Sweden 19.7 21.6 19.7 18 1 18.8 21.8 

Canada 16.6 21.5 13.0 5.9 10.1 15.7 

United States 15.2 16.1 18.8 19.9 16.7 16.8 

Japan 11.0 11.3 13.6 17.4 18.2 20.2 

1. 

2. 

The exchange rates of the pound sterling and peseta in terms of the 

dollar were changed in November 1967 and those of the French franc 

and German mark in August and October 1969 respectively. 

British Steel Corporation only. 

Source: "The Iron and Steel Industry in 1970 and trends in 1971", OECD. 

Investment expenditure during the fiscal year has been related to 

production in the calendar year. 
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maintenance of production plans.     These developments have also been accompanied 
by market protective measures.     It is remarkable that a country that in 1958 
had a relatively small proportion of the world's production has made such a 
major contribution to the world steel industry;  its success is attributable to the 
marrying of marketing effort with a rapid increase in production, producing 
early high utilisation of the facilities.    This is an example of a total corporate 
approach which has been lacking in the steel industry throughout the world 
until quite recently. 

It is those countries with fast developing home markets and exports to 
natural trading areas that have had the greatest opportunity to take advantage of 
technological innovations.   The penalties for delaying innovation can be great 
both for a bulk steel industry and for user industries.     The 1960's saw 16 million 
tonnes of imports into the USA because US producers were not then cost 
competitive, and at the same time very high tariffs were needed to protect old 
technology industries, with the consequential high cost of steel to users.    In the 
ECSC the incentives to embrace modern technology have been very clear, and 
imports from outside are negligible and exports to third parties are now as 
great as intra-EEC trade. 

The development of the Community has demonstrated the practicality of 
co-ordinating investment of private and state-owned steel companies, and a 
substantial interdependence for the supply of steel products has evolved in these 
conditions.     This specialisation and interdependence has resulted in the 
development of the modern steel facilities which are required if the steel and 
engineering industries are to remain competitive both at home and in their 
export markets. 

Profit achievement through modern technology requires a greater degree of 
specialisation, and this has been possible within the larger regions.  The large 
specialist production facilities which are being constructed today have high initial 
capital investments.   Although there is no obvious evidence that the pattern of 
development has been inhibited by the size of the investment, clearly the forming 
of international consortia will make the fund-raising for these enterprises tliat 
much easier.    The key features of the steel industry - the need for modern 
technology and skills, international trade in raw materials, and world markets - 
carry a potential for steel to develop as an international industry like its major 
customers.    The incentive to mergers is reinforced by changes in product 
requirements (demand for bulk steel for consumer durables is rising faster 
than that for heavy engineering), highly competitive trading conditions, and the 
demand for low cost steel. 
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CHAPTER 28 - PRODUCT DEVELOPMENT 

The range of finished products manufactured by a steelworks ts very wide. 
Steels have been developed to match new and often extreme environmental conditions 
and new shapos have been introduced to improve final products.   The range of 
steels will continue to increase under the impetus provided by changing markets 
and competing newly developed alternative materials.    The field of product devel- 
opment is thus too large to deal with comprehensively and it is necessary to select 
examples of developments which are indicative of the overall trends. 

The development of new steel compositions and shapes is also a large subject, 
and will vary considerably from country to country, depending on local factors 
such as the level of technical development and the nature of social demands and 
industrial structures.     However, it is possible to review the recent changes that 
have in general occurred in the market demand for steel compositions and shapes. 
These changes have not always contributed to the enlargement of the market for 
steels, but they are and will continue to be necessary if steels are to compete with 
the increasing number of substitute materials available to the markets. 

Developments in steels and steel products are dealt with separately in the 
two ensuing articles. 

28.1     Steels of specified properties 

There are two main markets where corrosion resistant common steels are 
particularly needed - where atmospheric corrosion has to be combated, and the 
newly expanding market created by ocean exploitation. 

Sea water resistant steels are made in a wide range of composition and 
shapes for use in both sea transport facilities such as docks, wharves, dolphins, etc. 
and facilities for the exploration and subsequent exploitation of oil, gas and other 
mineral deposits at off-shore sites.    Emphasis has been placed particularly on 
steels which combine corrosion resistance with other desired properties such as 
high strength and ductility.   For example, low carbon steels with substantial 
additions of manganese have the desired mechanical properties and are partially 
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resistant to marine corrosion.    Since ocean development of all kinds is likely 
to be a high growth market, it may be assumed that there will be an increasing 
demand in this market for a wide variety of corrosion resistant steels which 
retain the low cost level of common steels.   They will be required in large 
quantities for use in marine conditions where they will have a much greater life 
than the previously available products. 

Steels with resistance to atmospheric corrosion are just beginning to 
achieve general acceptance on a worldwide basis for structures where a patina 
of permanent 'rust* is acceptable.     The addition of around a half t>er cent of 
copper greatly enhances resistance to atmospheric corrosion.   Early trial 
structures - bridges, pressure tanlcs and ship superstructures - have been found 
successful and their appearance can be pleasant where care bas been taken in 
the design to accommodate the weathering effects caused by variations in the 
exposure of different surfaces of the structure.    The absence of continuous 
corrosion enhances the life of any coating that is applied to these steels, so 
that paint life may be doubled where a coloured finish or special preservation 

is required. 

Cheaper heat treatable _s_tçels_ 

The market now appears ready for the introduction of a family of steels 
of medium strength, high notch toughness and good weldability.   The plain 
carbon quenched (PCQ) and quenched and tempered (QT) steels possess these 

properties. 

The PCQ steels are made by the addition of trace quantities of the elements 
niobium and vanadium to steel made under carefully controlled process conditions. 
The basic steels contain 0.1 percent C and 1.5 percent Mn.   The effect of the trace element 
additions is to improve nucleation and hence reduce grain size, which improves 
resistance to crack propagation.    They also produce intermedine precipitation 
which further raises the yield point.     The steels are quenched after hot working 
down to 950°C.     Further toughness improvements can be obtained at the same 
strength levels by adding a trace of aluminium, and if this steel is rolled until 
Its temperature has fallen to 750°C, the notch toughness is increased still further. 
Thus the combination of controlled rolling, controlled cooling and trace element 
additions results in commercial steels with yield strengths up to 770 mega-Newtons 
per square metre (80 kg/mm2) and good impact strength (notch ductility) at 
temperatures down to -40 C. 

There has also been a growth in high tensile quenched and tempered (QT) 
steels with alloy content of less than 5 percent, which can be easily welded and 
possess good low temnerature impact strength.    Whereas the PCQ steels need to 
be rolled at a prescribed temperature in order to attain their properties, the high 
tensile QT steels can be made at higher temperatures since their properties result 
entirely from the subsequent heat treatment processes. 

Mills designed for rolling these steels need to be capable of sustaining 
high loads and torques, but most modern mills are capable of accommodating them. 
Quenching equipment for plates is needed at the exit from the mill and thicker 
plates may need to be platten quenched to keep the plates flat during quenching. 
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Another recent development has been the substitution for the expensive 
alloy steels previously used in engineering components,of common steels contain- 
ing special additives which considerably enhance the qualities with which subsequent 
heat treatment will endow the product - for example the addition of a very small 
percentage of boron to a common manganese steel will permit its use for auto- 
mobile gearbox components. 

Stainlesssteels 

Many new stainless steels with specific performance characteristics are 
being developed to meet the demands of pa rticularly corrosive environments. 
Underwater technology has played a prominent part in this development, for example 
through the need for precision moving parts which can be exposed to sea water - a 
relatively new requirement which is likely to grow in the future.   New techniques 
for producing very low carbon steels will make available a range of stainless steels 
of excellent weldability and workability, both of which properties are difficult to 
achieve at the moment.    This should allow stainless steels to be more widely 
applied and their use extended much further into such fields as heating tubes and 
motor exhausts, where their penetration has, in the past, been held back by expense. 
In the USA 13 percent Cr steels are increasingly use^ in the motor industry.   Stainless 
steels have been develad with high strength provided by precipitation hardening or 
heat treatment, a very good example being the copper bearing 17 percent Cr, 4 percent M, 
steel which provides the stainless qualities of higher alloy steels at lower alloying 

cost and with improved strength. 

Steels for h]gh_temperat^ure_s_e_rv]çe_ 

Developments in process plant for the chemical, petro-chemical, natural 
cas  power generation and metallurgical industries are demanding cheaper steels 
for 'use at higher temperatures.   The considerable research undertaken in the 
recent past has resulted in the development of a wide range of special steels for 
these applications.     The markets for these steels are growing and the expansion 
of nuclear applications and further space developments will demand even more 
specialised specifications in the future. 

The creep resistant requirements for steels for power generation plant 
and the metallurgical industries lias resulted in the increasing of ferritic steels   - 
1 percent Cr, \ percent Mosteéis for temperatures up to 500 Cand ,percent Cr, 
i percent Mo, i percent V or 2* percent Cr, 1 percent Mo for 500-600 C.    Above these 
temperatures high alloy Cr-Nl steels are used.    In the petroleum and chemical 
Industries large quantities of \ percent Mo and Cr-Mo steels are used to reduce 
corrosion by hydrogen and sulphur bearing hydrocarbons. 

Steels for low_t^emperature_servi_ce_ 

The development of steels for low temperature service (cryogenic steels) 
has resulted from the increasing requirement for tran sportation and storage of Q 

liquified gases, particularly liquified natural gas, which is transported at -190 C. 
There will continue to be a demand for these steels as further gaseous fuel sources , 
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remote from their markets, are tapped;    it is also becoming environmentally 
unacceptable to flare off into the atmosphere refinery wastes , which must now 
be stored and used. 

While the low temperature strength of some of the recently developed QT 
steels allows their use in extremely cold climatic conditions (down to -40 C) they 
cannot be used for cryogenic purposes, which demand steels containing up to 9percent Ni. 

Steels with specific electric^ and_ma_^ 

There have been recent developments in grain oriented sheets which can be 
used to improve the flux density of magnetic fields in the cores of transformers 
and other electrical machinery;   alternatively, they can be made from thicker 
strip without reducing the fJux density in such machinery.     Highly grain oriented 
sheets should continue to have large markets as power consumption increases. 
The required orientation of the grains places greater demands on rolling and the 
annealing facilities need to be twice as great as for plain carbon steels. 

Steels with specjal machinin^propçrti^ 

A range of free-cutting steels containing sulphur, lead, or more recently, 
tellurium, has been developed for the manufacture of engineering parts for applic- 
ations where rapid machining is of particular importance, such as nuts and bolts. 
Free cutting steels can retain the characteristics of strength and heat treatability 
possessed by the base steel.    Better appreciation of the monetary savings possible 
when these steels are used will ensure a widening market in the future. 

Steelswith _special coldworking properties 

Particular interest has recently been focused on low yield point and deep 
drawing steels mainly for antcbody sheet.    The very low nitrogen steel produced 
by the BOF has provided a stimulus to the makers of such steels to improve their 
deep drawing qualities.    The trend is likely to be encouraged by the potential 
tool cost savings available from adopting the stretch draw forming process for 
autobody panels. 

Ultra high strength steels are now available in a form which allows extensive 
cold working in a soft condition with the high strength developed by a low temperature 
(and so distortion free) final treatment.    These 'maraging' steels contain around 18 percent 
Nl together with 5 to 10 percent of other alloying elements.   At present the high cost 
of these steels limits the application mainly to aerospace or defence uses. 

Steels with good welding properties 

There is a marked trend to substitute fabricated products for castings and 
heavy sections, which is partly accounted for by the high cost of foundry moulding 
and of rolling heavy sections, but is also influenced by the advantages to be gained 
from choosing material to suit specific circumstances when components are to be 
fabricated.   For example, different steels can be used for the flanges and web of 
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a beam according to the requirements imposed upon each part.     In order to 
make best use of this method the new steels have been developed with improved 
wcldability.    There have also been developments in welding processes and 
welding rods or electrodes. 

It appears likely that improved weldability will be required of an even 
greater pronortion of steel in the future, so that the labour intensive methods of 
the past can be replaced by automatic welding processes (such as spiral welding 
for making transmission pipes). 

Steels with hard wearing properties 

Special development effort has recently gone into the production of steels 
which exhibit good wearing characteristics, for incorporation into such products 
as railway lines, crane rails, railway wheel tyres and a whole range of plates, 
castings and forgi rigs used in the construction machinery and plant industry.   The 
trend is to develop bard wearing characteristics by surface hardening treatments 
such as hard surfacing or flame hardening. 

The use of bimetal - a material comprising steels of different qualities, 
including wear resistance, welded together - to achieve self sharpening tools is 
growing, particularly in the field of agricultural equipment such as ploughs. 

28,2     Finished oroducts 

Hea vy_ seçtions_ 

Within this category, which includes structural shapes, rails and sheet 
piling for special applications, there have been few new developments.   Universal 
structural sections have now superseded the rolled steel joists oreviously used, 
except for very small sizes.    Very heavy H-section s with flange thicknesses up 
to 1 25 mm and widths up to 1200 mm have recently been produced for use as 
columns in high-rise buildings in the   US   and Japan, because they have an economic 
advantage over the alternatives, even when they have to be encased in concrete for 
fire protection purposes. 

As a result of the increasing demand for waterside facilities, irrigation 
schemes and other civil engineering applications, more complex shapes of sheet 
piles have been evolved so that longer driven sections can be used.   In other areas, 
the demand for heavy sections in the wide range of shapes and sizes now required 
is increasingly being met by the use of sections fabricated from plates - the choice 
between rolling or fabricating universal beams depends primarily on the quantity 
Involved.   This trend is taking place both in the shipbuilding and civil engineering 
industries.     With the increasing size of ships, particularly bulk carriers and 
tankers, the ship profiles required exceed the dimensional capacity of existing 
mills to produce them.    It lias been found more economic to produce these by 
fabrication than to design specialist mills.   Similarly, as noted in Chapter 1 8 , it 
is becoming generally common practice to fabricate universal sections deeper 
than 600 millimetres, except in such special circumstances as those mentioned 
above. 
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The effect of this trend will be to increase! the demand for plate mill 
products at the expense ot those i rom heavy section milis. 

Medium and light sections 

The major development in this area has been the introduction of cold formed 
profiles for a wide raii^e of light .sections used for construction. Parallel flanges 
and right angle sections produced by this technique are more easily fixed, and the 
products can be made in smaller batch sizes allowing shorter delivery or smaller 
stocks. Cold formed shapes are likely to take over much of the market for 
smaller sections, and the availability of cheap purpose-made sections for partic- 
ular applications will further increase the size of the market. 

Columns fabricated from cold formed or hot rolled sections have found 
Increasing application where architectural considerations are important because 
of their favourable stiffness characteristics and neat apnea ranee compared with 
H or I sections of the same weight.     This development is expected to continue, as 
is the use of special cold formed sections for road furniture such as motorway 
guard rail. 

Bars_ 

There has recently been a marked swing throughout the world towards the 
use by the construction industry of higher strength concrete reinforcement of the 
deformed bar type.    Thi3 not only reduces the amount of steel required, but may 
also reduce the quantity of concrete used, which in turn will lower the overall 
imposed load capacity of the foundation;   the result is lower costs throughout. 
Higher strength bars can be made both by the use of alloys and by cold physical 
deformation to produce added grip.     The trend towards increased use of these 
products as an alternative to plain mild steel bars is expected to continue. 

Extrusion of bar in comparatively small quantities is now beginning to 
receive serious consideration, but the technique Is likely to be more useful for 
extruding sections not easily manufactured by rolling. 

ftvta. 
The developments Indicated for bars In general apply equally to the use of 

rods for construction purposes. 

Steels of Increased strength have also been of advantage for the wire and 
wire rod used for concrete prestressing and post-ten s toning.   As the attainable 
concrete strengths have risen, so higher strength steels have been used. 

fOÎ?8. J?pd_tubes 

This section needs to be considered under three headings, which have been 
dealt with In turn - transmission line for pipelines, engineering tube and common 
piping. 
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The enormous increase in the use of natural gas and oil lias produced a demand 
for a new range of lubes and pipes for distribution. The development of de-sa Unat ion plants 
ona large scale, which is only just bcginning.is also likely to create a major demand 
for special nine products.    Both spirally welded and butt welded pipes arc being 
developed for use under the most extreme conditions of service, for examnlc with 
pressures up to 10 MN/m2  (1 kg/mm2),    and temperatures down to -200 C.   As 
discussed in Chapter 19, development of new welding techniques and methods of testing 
has meant that the majority of tubes,  including those for high pressure applications, 
are now welded from flat mill products which have been bent to shape.    Seamless 
tubes made from bilk   ', which were widely used in the past,  are now mainly used 
for special applications. 

Structural engineering applications have provided increased markets for 
both existing and purpose made tube products of all sizes.   Some large span 
buildings are now roofed with a spacedeck of tubular members.     Considerable 
use is also being made of tubes in earth-moving equipment such as draglines and 
cranes.     Finned tubes, which are difficult to produce by rolling, have recently 
been produced by extrusion, particularly for heat exchangers. 

Tubes with a   PVC     lining have been developed for conveying materials 
which would react with uncoatcd steels, while for protection in corrosive surround- 
ings   PVC     coated tubes have been developed.     Both these applications appear to 
have growth prospects. 

Plates 

Mention has already teen made of the use of hard wearing steel plates, 
which are used for earth-moving and agricultural equipment etc.    High tensile 
plates have been developed for transportation equipment such as ships, railway 
rolling stock and heavy vehicles, where the saving in weight is particularly 
beneficial.    Easy fabrication has been ensured by the selective use of alloys to 
make the steels weldable. 

The introduction of bi-metals mentioned at the end of Article 28.1 
particularly in plate and sheet form, enables previously incompatible mixtures 
of steel qualities to be achieved.     Thus pressure vessels can be made with bi- 
metal plate giving high strength and corrosion resistance for use in high 
temperature conditions, or where high conductivity is required. 

The use of chequer plating appears to be giving way to expanded metal 
grids but striped plate, which has a greater variety of uses, has been developed 
as an alternative.    Because of its 'one way' characteristic, it can provide the 
grip required in stair treads and walkways and can also be used in apnlications 
where a plain plate would normally be used but where high strength mainly in 
one direction is required and the extra saving in weight is important. 

Sjeets 

The most important development in sheet products is the improved 'shape* 
made possible by roll bending and other improvements discussed in Chapter 17. 
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Coated _sheets_ 

Electro-galvanised sheets are now replacing hot-dipped sheets for many 
uses because of the lower price which results from the thinner coatings.   Further 
developments have been made In prepaintcd galvanised sheets;   these too are 
increasing in v.se and are likely to continue to do so. 

Hot dipping of tinniate is now used only for special containers for corrosive 
material, the majority of tinplate being electrolytic.   Double reduced tinplate, 
which was developed to compete with aluminium, has allowed lighter, cheaper 
steel cans to he manufactured;  a new development along these lines is being 
pursued, involving drawing followed by wall rolling of the formed sheet. Many of the tin cans 
at present used for edible products arc required to have their internal surfaces 
lacquered, the coating usually being applied to the steel when it is in sheet form. 

Although the total market for cans is growing, it is becoming more vulner- 
able to aluminium and non-metal substitutes, which partly explains the great 
interest shown in developing new steels for the canning industry.    A range of 
chrome plated or chromic oxide finished sheets has teen Introduced in an effort 
to save the high cost of tinning.    These sheets, usually known as 'tin-f-ee* sheets, 
are likely to he used in future for many of the markets where tinned sheets have 
traditionally been used. 

Plastic coated sheets, either plain or embossed, are also establishing new 
markets in areas where previously the lack of corrosive resistance or poor 
appearance of uncoated steel sheets made them unacceptable.   These coatings 
enable tight radii to be formed on cold profile rolling or In presswork.     These 
profiles are extensively used for both roof and wall cladding of buildings and for 
preflnished panels in a large variety of electrical and mechanical engineering 
applications, such as electrical control panels and automobile Instrument clusters. 

) 
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CHAPTER 2» - COMPEL HON WITH OTHER MATERIALS 

The main competitors of steel are such materials as concrete, ceramica, 
asbestos, glass, aluminium and plastics.   There are certain market areas 
where steel is particularly vulnerable, notably the consumer oriented industrie«, 
construction, packaging and pipes. 

29.1 Consumer oriented industries 

The use of steel in these industries is being strongly challenged by plastics. 
Steel has had the advantage of stiffness, strength and relative cheapness with 
varying degrees of corrosion resistance from alloy steels, while problems of 
limited strength, rigidity and creep have in the past restricted the use of 
plastics in many engineering applications.   However, many new plastics with 
better engineering characteristics are now available and have been replacing 
metals for a variety of applications; for example, blow mouldings made from 
rigid plastics are being successfully used for vehicle fuel tanks, a market 
previously held by terne plate. 

Thus the range of markets in which plastic materials have already 
established their competitiveness is wide and increasing.   The advantage of 
plastics over steel is that in addition to the cheapness of their own production 
techniques, their impact on the production techniques of large scale user 
industries produces significant reductions in manufacturing costs.   Therefore, 
In forecasting the demand for steel in vulnerable markets, it is necessary to 
understand the customers* production techniques with existing manufacturing 
plant and equipment, and the likely changes in their production methods. 

Because continuous flow techniques dominate various stages of plastics 
fabrication, a mass market for these plastics is necessary.   The fast growing 
plastics users in the USA are motor vehicles (now using 50 - 100 lb. of plastics), 
Other transportation equipment, radio and television equipment, and household 
and other furniture.   These are industries with a sufficiently high volume of 
•ales for their plr sties components to be produced economically. 

However, it would be unwise to assume that the extent to which plastics 
have been subsdtuted for steel products in the USA will necessarily take place 
elsewhere.   Manufacturers have always to evaluate the rUk of replacing what 
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they know works in their own country,by production methods and materials 
which have since been evolved elsewhere, perhaps under different climatic 
conditions and with a different relative cost of available materials.   In order to 
forecast the future usage of steel by the consumer-oriented sectors of industry, 
it would he necessary to undertake an examination in depth of achieved and 
planned changes in the production engineering of consumer goods industries. 
Any involvement in export markets will also have some impact on the demands 
for competing materials of these consumer sectors, not only by increasing the 
scale of specific product markets, but through the continuous contact with 
changing production technologies elsewhere. 

29.2 Construction 

In construction, changes in demand for steel involve both the substitution of 
one steel product for another and competition from other materials.   Changes 
in the steel specification may affect the weight or value of steel used in 
constructional activity - for example, high tensile reinforcing bars in place of 
mild steel. 

The quantity of steel will also be affected by the choice between reinforced 
concrete and structural steel, and between galvanised sheets and other roofing 
or curtain walling materials.   The choice may depend on the building needs of 
the industry involved - for example, heavy engineering tends to use structural 
steel rather than reinforced concrete, by comparison with consumer industries 
or small scale factories - or on the loading standards and safety requirements, 
which are now tending to favour a structural steel design in some countries. 
Changes in construction techniques will thus alter the steel requirement, because 
the use of structural steelwork will increase the volume of steel in a given 
building, by comparison with reinforced concrete (or vice versa), and because 
the increasing use of welded structures creates a greater demand for flat 
products in place of rolled sections. 

For roofing, asbestos sheeting is the main competitor of galvanised sheets, 
although there may be some use of plastics where a plastics industry is well 
established.   Galvanised sheet tends to be in particular demand for the rapid 
construction of new towns in rural areas, but in countries such as Australia and 
South Africa it has also been widely used for Hie construction of city suburbs. 

Industrial development promotes new uses for steel, where stiffness is the 
key criterion for the material to be used - for example, motorway crash 
harriers, balustrading and telecommunications aerials. 

Although changes in steel demand will be caused by the relative use of 
reinforced concrete and structural steel, and by possible inroads into steel 
use by asbestos and plastics products, there seems no reason at present to 
expect any major substitution for steel of any other material, in the field of 
construction. 

A 
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29.3 Packaging 

This area of activity is too large to cover in any great detail, but it is an 
area where steel is vulnerable to substitution, and a few possible developments can 
be indicated. 

Developments in packaging have teen significant in the USA during the last 
decade.   The fibre cans and drums packaging industry now uses paper and 
aluminium for most frozen food concentrates and motor oils, and is aiming to 
include most liquids packaging.   The fibre can in the USA is cheaper and 
lighter than a metal can, and con be handled more efficiently on the packaging 
line. 

Certain plastics have excellent protective qualities - some have low 
absorption qualities and help to retain liquids such as die juices in meat,  some 
are poor heat conductors and help preserve products, particularly those 
requiring rcfrigcraiion, and some are shock resistant and provide excellent 
protection for shipping delicate instruments.   Plastics arc also used as coatings 
for wire and for steel sheet, and as such assist steel to compete with other 
materials. 

There have been three important developments in the metal can industry; 
the advent of the aluminium can, different forms and thicknesses of coaling 
for steel sheet, and double reduction tinplatc.   In the USA aluminium has 
become the growth area in metal can production, mainly in beer cans, and 
similar cans where there are internal pressures.   In the UK where the relative 
cost of aluminium to steel is higher and technical developments in the making 
of wall ironed cans have put tins process on the horizon for ünplate, tinplate or 
tinfree steel competes with aluminium in the beer can market and is expected to 
continue to do so. 

Tinfree steel is well established in the USA, but similar pressures by 
major users to change from tinplate to tinfree may not arise to the same extent 
in other countries, as its shelf life is much lower than that of tinplate.   Since 
the major expansion of packaging is in food processing, much of it destined for 
overseas markets, distribution channels are likely to favour the continuance of 
tinplate.   Two developments in coatings which improve the competitive edge of 
steel are the differential coating of tin and the use of aluminium as a coating 
material.   Another development has been double reduction tinplate which, by 
reducing the weight of the plate, enables it to compete in price with other 
packaging materials. 

29.4 Pipes and tubes 

There are many markets for tubes and pipes, and there is some overlap in 
the suitability of materials and methods of fabrication to satisfy the technical 
and economic    requirements of the user.   Apart from steel, there is cast iron, 
copper, ductile iron, concrete, asbestos, pitch fibre and plastic.   Where more 
than one material would satisfy technical requirements of the customer, the 
choice may differ from one country to another by reason of differences in such 
requirements as building bye-laws, or standards recognised by a specific 
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industrial customer - for example, API requirements for oil pipes and tubes. 
Specification standards change as the particular technical weaknesses of a 
material are corrected, for example plastics for domestic plumbing, where 
creep is no longer a problem.   Changes in technology are also reflected in 
changes in standards, as exemplified by the increasing acceptance of welded 
tubes for purposes which in the past would only have been satisfied with 
seamless tubes.   This competition within die steel tube family has implications 
for planning in the steel industry, for whereas welded tubes set up a demand 
for flat products, seamless tubes require tube rounds. 
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CHAPTER 30 - TRENDS IN CONSUMPTION OF STEEL 

30.1   Consumption of steel as related to industrial growth 

Although the production facilities which will be required are determined 
by absolute changes in consumption, the rate of change is also important. 
Table 30.1 analyses the trends in growth of steel consumption for the 30 year 
period 1938 to 1968 for a number of different countries.   It would appear that 
there is no strong link between the rate of growth of steel consumption per 
head and the population growth.   There is, however, as might lie expected, 
a relationship between rate of growth and the actual level of consumption, since 
it is easier to achieve a fast rate from low consumption levels.   Thus, of the 
many countries that achieved a 50 percent increase in consumption per head 
over a decade (4. 2 percent annual growth rate), only one - Canada - had a high 
initial level of steel consumption.   In order to sustain a lùgli growth rate, it 
is necessary to maintain a high degree of co-ordinated planning both in steel 
production and user industries since it is much more difficult to implement 
changes if the industry expands on a piece-meal basis. 

Several 'routes' to economic growth have been pursued by different 
countries; for example agriculture in New Zealand and Australia; tourism, 
construction and leisure industries of the Mediterranean countries and the 
Bahamas; merchanting in Greece; mining in South Afri ca, Australia and the 
West Coast of Canada; and investment in manufacturing in Japan, Germany 
and the USA.   These routes vary in their potential steel use: for example, 
in the UK in 1968, every $1000 of engineering, shipbuilding, or vehicle 
production required $120 or more of steel, as compared with less than $10 
of steel for $1000 of final output in agriculture, services or distributive trades, 
while the steel intensiveness of transport, construction or mining comes half- 
way between these two figures.   Clearly, the different 'routes' to economic 
growth stimulate the growth of different industries; thus in different countries 
the level and growth of GDP represents a very different level and growth in 
steel consumption.  The growth of markets for steel also reflects the growth 
of transportation and urbanisation, of mechanisation, of changes in the 
distribution of income and wealth, of developments in international specialisation 
and the net export position of steel-using goods. 
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TABLE 30.1 - TRENDS IN GROWTH OF STEEL CONSUMPTION 

Country 
Population 

growth rate 
1963 - 1968 

(%) 

1938 
Apparent kg 

per head 

Compound growth 
rate of steel 

consumption per head 
1938 -1968 (%) 

W. Germany 1.0 •    298 2.2 

S. Africa 2.5 103 2.5 

UK 1.0 198 2.5 

Australia 2.0 206 2.8 

Netherlands 1.5 132 3.2 

France 1.0 114 3.9 

USA 1.5 206 4.1 

Belg. - Lux. 1.0 122 4.1 

Sweden 1.0 184 4.1 

India 3.0 3 4.4 

Canada 2.0 124 4.6 

Chile 2.5 small •4.7 

Venezuela 3.0 37 4.7 

USSR 1.5 - •5.1 

Japan 1.5 87 5.8 

Italy 1.0 57 5.9 

Czechoslovakia 1.0 96 6.2 

Brazil 3.0 •mall •7.2 

Spain 1.5 23 7.2 

Mexico 3.0 72 7.6 

Poland 1.5 34 7.8 

• Based on 1958 - 1968 only. 

I 
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Tabic 30.2 sets out estimates of tlic growth of real Gross Domestic Product, 
the rate of growth of apparent steel use per head, and the 'elasticity' of steel use 
expressed as the ratio of compound growth rate of steel use per head to the 
growth in GDP per head. 

TABLE 30.2 - ELASTICITY OF STEEL AND GDP 

Country 

Percent compound per yea r 
Estimated elasticity 

of steel per 
head 

Consumption 
kg per head Real GDP Growth 

1960-1968 
Steel Use 
per head 
1958-1968 1969    1970 

Total       per head 

Italy 5.2            4.4 9.9 2.3 352      394 

Spain 7.5            6.5 12.1 2.0 240 

Japan 10.3            9.2 15.9 1.7 602      675 

Australia 5.2            3.2 4.7 1.5 - 

W. Germany 4.3            3.2 4.5 1.4 659      683 

USA 5.1            3.7 4.7 1.3 682      620 

UK 3.0            2.3 2.6 1.0 438      457 

France 5.6            4.4 1.8 0.4 443      473 

The following factors affected the 'elasticity' of steel use In these countries 
during the 1960's: 

Italy: 

Spain: 

Japan: 

Australia: 

Export orientation of consumer durables which are steel intensive, 
the acceleration of the shift In employment from agriculture to 
mechanised manufacturing and the associated demands for steel 
for urbanisation, transportation, etc., reflecting major changes in 
the economy. 

Engineering growth faster than the less-lntenslve construction of the 
Initial development phase. 

Increasing proportion of fixed capital formation in GDP (e.g. steel 
expansion). Emergence of the dominance of engineering in export 
income, keeping elasticity above that of the USA. 

Rising consumer durable production and Investment In transport 
generally within an agricultural and mining economy, reflecting a shLt 
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A 

I 
In Income distribution due to the Industrial diversification now 
being pursued. 

W. Germany: Reconstruction completed, and GDP growth Increasingly sensitive 
to changes in export surplus in a wide range of goods. 

I 

I 

USA: Relative growth of investment in services as a contribution to GDP 
growth, but this investment is not steel intensive.    Even though exports 
of most products are large absolutely, not really an exporter in terms 
of contribution to GDP growth.    Home income distribution a key factor 
for changes in steel consumption, and associated stimulus to 
manufacturing machinery. . 

UK: Exports contributed more to GDP than gross fixed investment, and 
60 percent of the steel was consumed by customers exporting about 40 
percent of their output;  thus overseas factors had more influence on 
steel elasticity than internal changes in Income. 

France: Major GDP growth factors were the rise in output from agriculture and 
Its associated mechanisation, and in services and construction 
activities associated with increased urbanisation and transportation; 
these are not as steel intensive as the relative growth of engineering 
In Spain or of consumer durable exports In Italy. 

As can be expected, shifts In major factors, such as large changes in 
employment and living patterns from agriculture to manufacturing, or changes 
In Investment from Infrastructure to manufacturing not only affect the rate of 
increase of GDP Itself but tend to be reflected in higher elasticities of steel 
consumption than those associated with economies which are not being restructured. 
A further factor affecting elasticity of 'steel' is the contribution of external trade 
to GDP growth and the extent to which this is steel intensive.    If it Is an Important 
source of growth and yet Is primarily agricultural, steel 'elasticity' with GDP 
growth is low. 

The recently published USI  Projection 85 * forecasts the expected relationship 
between apparent steel consumption and Gross National Product per head of 
population (at 1963 values):  this demonstrates clearly that the absolute level of the 
steel intensity curve for each geographical area varies according to the economic 
structure of the area.    However, although the level of the sleel intensity curve 
varies, Its shape shows a striking similarity in all countries (see Figure 30.1). 

Figure 30.2 compares growth rates of steel consumption over the period 
1955-70 with forecast consumption 1970-1985, while Figure 30.3 compares 
consumption on a regional basis. 

Projection 85 : World Steel Demand, IISI, Brussels (1972) 
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FIGURE SO. 2 - STEEL CONSUMPTION GROWTH RATES 
(PERCENT PER ANNUM) 

«a Projection IS: World tt«tt demand USI Bru «el« (1972) 
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1960-62 1967-69 1985 

North America 

Western Europe 

USSR fc Eastern 
Europe 
Japan 
Other Areas 

WORLD TOTAL 

17 27 
18 

23 

27 25 

27 

12 
27 

26 

10  7 _ 20 
12 12 

100 100 100 

TABLE SO. 3 - REGIONAL DISTRIBUTION OF STEEL CONSUMPTION (PERCENT) 

•atad on Projection IS: World steel demand USI Brussels (1972) 
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30. 2   Evolution of product mix 

The development period of a predominantly agricultural country initially 
creates a steel demand wluch is largely for non-flat products, to meet the 
housing needs and railway construction programmes associated with this phase 
of development.   An early steel production programme is likely to cover rails, 
sections and reinforcement steel, with any demand for other products still 
being met by imports.   The result may be a small-scale, fragmented steel 
industry, based on re-rollers and semi-integrated plants - as, for example, 
in Africa, Italy and many Far Eastern countries - which can produce the non- 
flat products economically in small quantities. 

It is the mediani sation of manufacture and distribution, together with the 
accompanying change in employment pattern and density of urbanisation, which 
bring   the big changes in demand.   Not only are there changes in total steel 
volume, but also large potential markets for specific products arise.   It is at 
this stage that the choice of whether to make or import steel becomes critical, 
as in the long term the major manufacturing objective both for steel and for 
steel using goods is the supply of bulk low cost steel to known specifications to 
suit the mass market methods of modern manufacturing and distribution. 

Manufacturing activities in their early stages create demands for a 
large range of products but limited in volume.   While such markets are 
adequate for efficient local production of non-flat products, it is the income 
distribution effect on urban standards and on the mass demand for consumer 
durables that determines the timing and location of the installation of large 
modern flat product facilities.   In small population centres, for example, Sweden, 
Yugoslavia or Eire, local production of vehicles or domestic appliances may be 
established for many years on imported steel supplies before the long term 
markets justify the scale of the modern steel flat product milis which are needed 
to compete on costs with delivered imports from large scale producers. 

Changes in income levels and in income distribution have had a very marked 
impact on steel consumption and the growth of specific products within the EEC. 
Between 1952 and 1970 the rate of growth of production of flat products was nearly 
twice that of non-flats, as shown in Figure 30.4, and from 1970 to 1974 this 
divergence is expected to increase.   This reflects the steel intonsiveness of 
demand for vehicles as against say a similar demand for agricultural or construction 
output.   For the most part tJüs spectacular growth in finished flat products has 
bsen in cold reduced sheet.   While some part of this growth was to meet not only 
direct steel exports but also exports of manufactures, the confidence in the internal 
economy and of rising personal incomes throughout the EEC were important 
factors in planning flat product capacity expansion on tliis scale, in view of the 
high capital cost per ton of modern finishing capacity. 

An example of the relevance of income distribution to the demand for flat 
products is the USA.   Here there is a broad platform of high incomes, and in 
this "replacement rather than repair" society, recent changes in real GDP of 
around 5 percent per year have been associated with changes up to 12 percent 
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A in the consumption of flat products, a large proportion of which is accounted for 
by the automotive industry.   This same pattern, a faster relative growth of flat 
product production than of non-flat, is also observed in Japan, but in Öüs case 
30-40 percent of flat finished steel is directly exported and a drive on exporting 
consumer durables lias been mounted. 

The pattern of product mix development in Canada has been shaped and 
influenced on the one hand by an automotive agreement with the USA, and on the 
other by specialization in the manufacture and export of agricultural machinery, 
in which that country has achieved an eminent position.   Consequently, the 
proportion of flat products in the consumption of steel in that country is relatively 
low. 

A factor that can affect both the total consumption of steel and the development 
of the product mix is the extent to which other materials are developed to the stage 
at which they become competitive with, and may partly replace, steel.   This 

A aspect has been dealt with in Chapter 29. 
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CHAPTER 31  - TRENDS IN INTERNATIONAL STEEL TRADING 

31,1   Balance of trade 

Table 31.1 shows the relationships between production, consumption, imports 
and exports of steel by a number of countries.    Japan can be seen from the table 
to have negligible imports, but exports account for 25 percent of her production. 
This is consistent with the analysis in Chapter 27, Article 27.7 of Japan's steel 
industry development, whereby her large production facilities are intended not. only 
to serve lier own markets, but also to form the basis for her export markets. 

The position of the European Community as a whole is similar, with a low 
level of imports and a high level of exports, although not quite as high as that of 
Japan.    However, if the individual countries within the Community are examined, 
a different picture is obtained.    The figures in the table show that there is a 
considerable amount of trading between these countries.   Even in countries such 
as France, where there appears to be a reasonable balance between consumption 
and production, the actual products which are produced and consumed are clearly 
different.    The picture far Belgium-Luxembourg shows an extreme case of 
internationalisation of steel planning, in which a works has been built in that 
region to supply other countries within the Community.    The implications behind 
the figures are that the pattern of development within each country's markets did 
not justify the unit of production which it was thought economic to install.    The 
planning of facilities was, therefore, done on a regional market basis which, at 
any point in time, required the specialisation of production in different 
countries. 

The lesson would appear to be that if a country wishes to be competitive 
then it must take due account of what it is possible to achieve within the steel 
Industry internationally.    It is clear from the export position of both Japan and 
the EEC that if the steel industry in a country or region is expanded in a modern 
economic manner, the potential for international trading is large.   If trade In 
steel products could be negotiated in a similar manner to the EEC, the potential 
for some product specialisation up and down the coastlines of the Americas 
might also be realised. 
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TABLE 31.1 

RATIOS OF IMPORTS, EXPORTS AND CONSUMPTION TO PRODUCTION 

France 

W. Germany 

Italy 

Belgium- Luxembourg 

Netherlands 

ECSCas an entity 

UK 

USSR 

Poland 

Czechoslovakia 

Japan 

USA 

Canada 

Imports/ 
Production 

% 

39.6 

25,9 

31.7 

14.7 

94.0 

6.5 

10.0 

2.7 

15.9 

8.3 

0.2 

12.6 

16.0 

Exports/ 
Production 

% 

39.9 

36.9 

15.8 

90.1 

90.3 

21.7 

18.9 

7.0 

16.8 

26.9 

25.0 

5.0 

20,2 

Consumption/ 
Production 

% 

99.7 

89.0 

115.9 

24.6 

103.7 

84.9 

91.1 

92.4 

99.1 

79.6 

75.2 

107.6 

95.7 

Source : BSC Statistical Handbook (1969) 

(Statistics for 1970 are incomplete) 

Changes in stocks are not included 
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31.2  Geographical pattern of trade 

In 1970 about 100 million tonnes of steel products were traded throughout 
the world.   The level of steel production was about 590 million tonnes, and hence 
international trading was about 1.7 percent of production.    However, some of 
this trading was within the European Economic Community (EEC) and was there- 
fore not a real market opportunity for third parties. Of the 53 million tonnes of 
steel being exported by the EEC countries, 23 million tonnes went to countries 
inside the EEC.   If the tonnage of internal trading is subtracted from the total 
figure for international trading, the remaining tonnage amounts to 13 percent of 
total steel production. 

The three major traders, excluding the USSR from whom it is difficult to 
obtain data, are the EEC, Japan and tne USA.   These together account for 72 
percent of the total amount of steel traded internationally.   An overall breakdown 
of the pattern of importing by the various regions in the world is shown in 
Table 31. 2, together with the three major sources from which they obtained 
their steel.    Information on the trading between countries within the same 
geographical group is difficult to obtain.    This table, therefore, represents 
only part of the steel which is traded, but is sufficiently complete to show the 
trading pattern. 

The table shows that the geographical pattern of trade of the three major 
exporters is as follows : 

(a) The European Economic Community countries which have about a 
50 percent share of die international market, or about 33 percent if 
their own internal trading is excluded, are the major traders in Europe, 
the Middle East and Africa and to a lesser extent in the Western Hemis- 
phere. 

(b) Japan is dominant in trading in East Asia, Oceania, and the Western 
Hemisphere, but also has a large share in the markets of the Middle 
East and Western European regions, outside the EEC and EFTA areas. 

(c) The USA has a much smaller share in any of the markets, but sells 
principally in EEC, EFTA, Western Hemisphere, and East Asia 
regions. 

31.3 Products traded 

International trading in steel products has also been analysed for five 
products :-  plate (over 4. 75 mm), wire rod, sheets (under 3 mm), tinplate 
and sections.   The percentage of own production exported is summarised below : 

Plate 

Wire rod 

- Belgium/Luxembourg exports 87 percent, Germany 
30 percent, Japan 30 percent and France 20 percent. 

- Sweden exports 40 percent, and Japan and Germany 
20 percent. 
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TABLE 31.2 - EXPORT TRADE IN SEMIS AND FINISHED STEEL PRODUCTS 

(Millions of tonnes) 

1968 19C9 1970 

Country of 
destination 

Main countries 
of consignment 

Conn; ry of 
destination 

Main countries     ' 
of consignment      || 

Country of        Main countries 
destination    of consignment 

EEC:     18.68 EEC 
Austria 
Sweden 

1G.87 
0.64 
0.41 

EEC:    23.09 EEC 
USA 
Japan 

19.30 
1.07 
0.95 

EEC       24.73 EEC 
USA 
Japan 

20.15 

1.95 
0.9E 

EFT A:    5.99 EEC 
Sweden 

UK 

4.29 
0.54 
0.52 

EFT A:   7.79 EEC 

UK 
Sweden 

5.41 
0.67 
0.67 

EFT A       8.67 EEC 
USA 

UK 

5.19 
1.11 

0.81 

Other:   2.39 

Western 
Europe 

EEC 

UK 
Japan 

1.36 

0.51 
0.13 

Other-.    3.20 

Western 
Em Dpc 

EEC 

Japan 

UK 

1.46       | 

0.60 

0.51 

Other:      3.62 

Western 

Europe 

EEC 
Japan 

UK 

1.52 
0.98 
0.50 

Eastern: 2.34 EEC 1.53 Eastern: 2.39 EEC 1.52 Eastern:   3.62 EEC 1.C3 

Europe Austria 

Japan 

0.33 

0.21 

Europe Japan 

Austria 

0.33       | 

0.28 

Europe Japan 
Austria 

0.49 

0.23 

Middle: 1.95 

East(l) 

EEo 
Japan 

UK 

1.16 
0.40 

0.29 

Middle: 1.85 

East (1) 

EEC 

Japan 

UK 

0.83 

0.67 
0.25 

Middle:   1.69 

East (1) 

EEC 

Japan 

UK 

0.81 

0.C1 
0..19 

East:      4.33 

Asia 

Japan 
EEC 

UK 

2.11 
0.93 

0.49 

East:       6.06 

Asia 

Japan 
EEC 
USA 

3.97 
0.75 
0.60 

! East:         6.80 

j Asia 
i 

Japan 
USA 
EEC 

4.C5 

0.75 
0.71 

North   16.21 
America 

Japan 
EEC 
UK 
Canada 

6.73 
6.48 
1.25 
1.13 

Nortli    13.28 
America 

Japan 
EEC 
USA 
UK 

5.61 
4.76 
0.94 
0.92 

' North     13.24 
America 

Japan 
EEC 
Canada 

UK 

5.97 
4.33 
1.13 
0.88 

Other:    2.29 
Western 
Hemisphere (2) 

EEC 
Japan 
USA 

0.80 
0.58 
0.44 

Other:     3.83 
Western 
Hemisphere (2) 

Japan 
USA 
EEC 

1.38 
1.06 
0.96 

Other;      3.97 

Western 
Hemisphere (2) 

, J apan 
USA 
EEC 

1.52 
1.10 
0.89 

Africa;   2.29 EEC 
Japan 
UK 

1.56 
0.31 
0.26 

Africa;    2.34 EEC 
Japan 
UK 

1.51 
0.49 
0.22 

Africa:    2.94 EEC 

Japan 
UK 

1.63 
0.79 
0.28 

Oceania: 1.61 Japan         0.87 
Australia    0.40 

UK             0.17 

Oceania: 1.88 Japan         1.07 
Australia    0.52 
UK             0.13 

Oceania: 2,10 Japan        1.26 
Australia    0.42 

USA           0.13 

Total:   59.57 EEC 
Japan 

UK 

35.29 
12.55 

4.18 

Total:     66.04 EEC 
Japan 

USA 

36.67 
15.29 

4.76 

Total:    70.77 EEC 

Japan 
USA 

37.12 

17.56 
6.52 

(1) Middle East: Bahrain, Egypt, Iran, Iraq, Israel, Jordan, KUWMI, Lebanon, Saudi Arabi*, Syria, 
other Arab States. 

(2) Other Western Hemisphere:  All American countries other than USA and Canada. 

Source: BSC (Statistical Services)  World Trade - Steel 



^ 

333 

Sheet 

Tlnplate 

Light 
Sections 

Germany, France and Japan all export about 30 percent. 

Japan, Germany, UK and France all export about 
30/40 percent. 

West Germany and Sweden export about 20/30 percent. 

31.4   The trading pattern and its evolution 

The structure of markets served by steelworks in the world to some extent 
reflects the evolution of those working during a number of development and 
recession phases.   The steelworks of Japan were designed initially for export 
as well as domestic consumption under pressure to earn foreign exchange; those 
of the ECSC were built up alter the last war to contribute to reconstruction and 
subsequently evolved to match export opportunities and the rising economic 
prosperity of the EEC as expressed in demands for steel for consumer durables; 
while those of Poland and Czechoslovakia were designed largely to provide 
engineering goods for COMECON and specific steels products for the USSR.   The 
UK steel pattern is an example of changing marker pressures;   it was based 
originally on exporting engineering goods, but the traditional steel export markets 
are changing with the industrialisation of those countries.    Imports and exports 
of steel now tend to fluctuate in response to the trend in home demand.    The 
USA steel pattern exemplifies a transition from a phase during which domestic 
steel was challenged by imports on a large scale to a phase in which American 
steel is becoming increasingly cost competitive overseas, as the incorporation 
of new technology proceeds.     Only the USSR is self-sufficient in steel.   Any 
development of a steel industry today on a large scale will need to look to 
competition from Japanese and ECSC steelmakers. 

The analysis of the pattern of international trade suggests that the total 
trade lias three major constituents; 

- Community trading within confined geographical areas. 

- Trading arising from capacity planning. 

- Opportunity trading. 

The EEC has not only demonstrated the high levels of community trading 
possible within a geographical trading area, but has now regained the high 
position in international trading that its constituent members held in pre-war 
days.    r«is results from product specialisation to sell in rapidly growing markets, 
which was then found to give a competitive edge with which to penetrate inter- 
national markets.    The development of highly efficient sales organisations to 
handle the large changes in output as modern units came on stream has also 
played an important role. 

Ì 
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Capacity planning for the home and export markets is one of the features 
that have contributed to the emergence of Japan as a major international steel 
producer.    In particular, the ability to export flat products permitted a 
production strategy based on high capacity mills, which at high levels of utilis- 
ation provide considerable economics of scale.   It is also significant that this 
production and marketing strategy was one which it was not possible, at that 
time, for her customers or even her competitors to pursue.    On the one hand 
the size of production units which Japan was installing were far too large to be 
contemplated in the export markets with which Japan trades.   On the other hand, 
the rate of growth of a number of her nearby competitors  was not such as to be 
able to justify such large units. 

Finally, it would appear that many steelworks indulge in what has been 
described as opportunity exporting, in which they seek, at any point in time, to 
utilise a capacity which is in excess of that required for the home market. 

However, this is a highly competitive market associated normally with the 
trading of small tonnages of products at low price levels, and the opportunities 
may arise in any geographical area. 

31. 5  Trade in semi-finished products 

Reference has been made earlier to the way in which the factors which will 
determine the world pattern of production have changed and will continue to 
change.     The question then arises as to what impact these changes might have 
on international trading.   Although the patterns of trading described above may 
persist, there is one further area in which a new kind of trade could be initiated, 
the trading of semis of which, at the present time, only a small tonnage is 
traded internationally. 

With the major increase in the international trade in iron ore and coal, a 
great many countries are in effect involved in the international production of 
steel.     The growth of steel-using industries in many countries has contributed 
to the international demand for steel and, inasmuch as this arises from traded 
manufactured goods, the search for sources of low cost steel will continue.   The 
significance of overseas markets to. producers using large scale plant, and the 
scale of international investment in iron ore extraction and distribution lead 
major steel producers to consider participating in the building of steel works in 
a foreign country. 

There are no examples of companies setting up such a pattern at the present 
time though, in the past, there were British and German ventures overseas.   The 
British Steel Corporation has been looking into the possibi lity of investing in such 
a works;    some examination of this prospect is also being made by Japanese 
and other European steelmakers.    The existence of a number of examples of 
Japanese, German, Belgian and British financial participation in steel companies 
in other countries suggests that general acceptance of the internationalisation 
of steel production may not be far away. 
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One of the major practical problems is the transportation of the products. 
The rapid increase in the trade of iron ore was associated with the development 
of the bulk carrier.    At the present time, quoted rates for the transport of iron 
ore and for semis or fi ni shed products are different, because iron ore ìG trans- 
ported regularly in bulk whereas products tend to be transported on a part cargo 
or special shipment basis.   Sophisticated handling facilities have already been 
developed for iron ore, but handling products presents greater problems. 

If similar effort were devoted to the design of shipping and handling facilities 
for semi-finished products, it might well be that the differentia] in the shipping 
costs of iron ore and semis could be considerably reduced.    The question of 
siting facilities is one of optimising the transport costs from the iron ore 
mine to the final consumer, and it may well be Hint until the design problems 
of shipping products have been settled, ihe commercial issues which are also 
significant will not really be tackled.    Clearly the building of an export-oriented 
works on this basis would not be undertaken until some form of contract with 
consumers had been established.    There still remain other commercial problems; 
if the consumer is rolling finished products to order, the delay occasioned by 
shipping may impose too great a restraint on delivery times or, alternatively, 
require rolling of semi-finished products to stock. 

31. 6  Home prices 

Technological innovation tends, in the long term,  to lower prices.    This 
effect is illustrated in Figure 31.1.    The Danish market was chosen as an 
example because there have long been no tariffs on steel products and the market 
is completely free to outside influences.     Its nearness to Europe means that it 
reflects developments within the steel industries of the ECSC.   Consequently, 
prices are as low as in the international market and fluctuate accordingly. 

The actual price of merchant bars sold in Denmark has been steadily 
increasing, but when corrected for movements in the wholesale price index of 
domestic goods, it can be seen that the real price fell between 1. 5 percent and 
2 percent per year in relation to the price of other goods.    The falling trend 
is not surprising in view of the product specialisation taking place within European 
steel industries, and the level of investment, somewhere between US $800 and 
1000 million per year, in the decade 1958-1968. 

Technological changes produce stresses within markets because they are 
not instituted at the same time in all works, but are spread over a period.   Price 
leaders who are the first in the field with a technological advance will therefore 
cause difficulties for those works or countries  that are not in a position to make 
such a change at that point in time.   Similarly, the sheer output of a modern 
steelworks coming on the market in any one year could have a considerable 
impact on price levels for specific products in certain geographical areas. 
Complaints voiced in the past few years by individual steelworks in different 
countries of the ECSC concerning the price of specific products suggest that the 
price leadership from the newest works is reflecting their low costs. 
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Table 31.3 compares indices of steel prices in 1970 in terms of the 
monetary values of those countries, and in their real terms after correction 
for inflation since 1953.   In monetary terms, the prices of steel products of 
Italy and West Germany have shown the least increase since 1953, and it will 
be recalled that investment in modern steel technology not only represents the 
major portion of capacity in these two countries, but has teen developing at its 
fastest pace since 1965.   This small change also reflects the high base prices 
in 1953, those in Italy due to protection and those in West Germany to its early 
leadership in a seller's market.   The UK price movements, on the other hand, 
started from a very low base price because of a policy of supporting engineering 
exports by cheap steel.   This low price policy in conjunction with the low 
elasticity of steel to growth in GDP in the UK were unattractive conditions for 
Investment in steel, as evidenced in the low figures in Table 27.3 (Chapter 27). 
A significant proportion of capacity is still based on older steel technology, and 
even higher prices may be required to bring the kind of earnings its competitors 
in Germany and Japan have enjoyed.   The rapid rise in steel prices in France 
reflects the general pressure on costs from rising incomes and competing 
developments. 

TABLE 31 .3  - 1970 STEEL PRICE 1M3ICES, 1953 BASE 

Country Industrial Price Billets Wire rods Light U.R. 
Index mid-1970 Merchant Strip 

1953=100 Bars 
(a) (b) (a) (b) (a)      (b) (a)      (b) 

France 181 213 118 204 113 202     112 197    109 

U.K. 158 169 107 179 113 162     103 137      88 

Belgium 136 143 105 143 105 151     111 138    101 

Luxemburg 136 120 88 155 114 149    114 137    101 

Netherlands 130 - - 145 112 136    112 126     97 

Italy 130 94 72 114 88 101       88 100     77 

W. Germany 114 113 99 112 98 112      98 100     94 
_ 

Notes: (a) at 1970 money values 

(b) corrected for movement in the industrial 
price index 1953-1970. 

31.7 Export prices 

Figures 31.2 and 31.3 give published Japanese and European producers' 
export prices for certain steel products. 
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lift 1956   57     58     59     60    61    62     63    64    65    66     67     68     69    70    71 

Year 

FIGURE 81.3 - EUROPEAN PRODUCERS' EXPORT PRICES FOR CERTAIN IRON AND 
STEEL PRODUCTS 
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I Export prices fluctuate to a greater extent than home prices.   Over a 
period of time, the trend of the low export prices for substantial tonnages gives 
an indication of change in the marginal production costs of the steelworks, for 
in difficult trading conditions prices will tend to fall to the costs of the newer 
works incorporating the latest technology and economies of size.     For a short 
period of time these works can sell at prices nearer to marginal costs than to 
average costs, but clearly over any length of time there must be a movement 
so that total costs arc covered.   As can be seen, the Japanese fob prices of 
rods, bars and black sheets during the period 1967-1969 were between $80 and 
$90 per tonne which is very similar to European export prices of similar 
products during that period.     During the same period the fob price of 
Japanese plates was higher than that of European:   this may reflect the internal 
Japanese price, for at that time there was a pressure of internal demand for 
shipbuilding plates and the proportion of production exported was below 20 percent. 

I 

The practice of differentiating between home and export prices in steel 
products is diminishing, especially within the ECSC where export markets are 
planned as part.of the product specialisation within the area, and increasingly 
so in Japan, where a high proportion of specific products are exported and there 
are large tied markets at home. 

31. 8 Price fluctuations 

Late 1969 to early 1971 was a period when steel export prices rose dramatic- 
ally above the long term costs of production.     This price boom was due more to 
fears of rising prices than to a major upsurge in consumption.   In the UK, for 
example, there was a stockbuilding boom in anticipation of major changes in BSC 
list prices, and actual consumption changed very little.    In the USA, during a 
period of replacement and expansion of steel capacity, a high level of steel prices 
was maintained by steelmakers notwithstanding excess capacity in older steel 
plant.    Substantial quantities of Japanese steel were attracted by this more profit- 
able market, even though there were rising pressures on capacity from Japanese 
home demand.    Within the EEC there were genuine consumption demands for steel. 

A number of changes have since taken place.    Chief among these are BSC 
price increases and the voluntary limitation on steel imports hito the USA.    But 
there could be another stockbuilding boom due to genuine anticipated demand 
factors at any time. 

31.9 A comparison of delivered price and basing point pricing systems 

On the delivered price system the price charged is independent of the 
distance from the works, and therefore the net income per tonne of product and 
hence the contribution to fixed costs and profits is reduced by the extent of the 
transport costs as distance from the works increases.    Although the presence of 
other works may affect sales volume, they do not influence the contribution obtained 
from each tonne of product delivered to a given customer. 
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On the basing point system, as in force within the ECSC, each works 
declares its prices at a named basing point, which is usually either at the works 
or a major town in its vicinity.      Customers then pay freight from the basing 
point to the point of delivery.   Other works have the option to sell to a given 
customer at the lowest price quoted by competitors to that customer, but they 
must quote in the first instance at their own published base price plus freight (also 
published).      Each works may fix their own prices at their own basing point, 
and may alter them at will, provided they report such action to the Commission. 
In practice, a group of works in one general location may use a single basing 
point. 

Figure 31.4 shows as an example the effect of the two pricing systems 
from the viewpoint of a works A.    The abscissa represents distance from the 
works and it is assumed that the cost of delivery is proportional to the distance. 

Part I of the figure shows how the net income falls off with increasing 
distance from the works under the delivered price system.   Part II illustrates 
the operation of a basing point system where Works A is in competition with 
Works B and C.   For simplicity it is assumed that each works sells the product 
at the same price at a basing point located at its works.    As the delivery 
distance from the works is increased, the delivered price rises, and the net 
income (and hence the contribution) remains constant.    However, after a point 
midway between two works is passed, the delivered price from the other works 
is lower, but Works A is allowed to equalise his delivered price with the other 
works.    If Works A does this, then when the midway points (p and q on Fig. 31.4) 
are passed, the net income falls rapidly with increasing distance, because 
Works A's transport cost continues to rise, whilst the delivered price is falling. 
After Works B and C are passed the delivered price rises again and the contrib- 
ution becomes constant until another works is approached. 

Thus on the delivered price system the attractiveness of an order - as 
measured by its contribution per tonne - falls off steadily with increasing distance 
from the works.   Deliveries to very remote parts could even result in a loss to 
the company if the fixed price is adhered to. 

On the basing point pricing system, each works has a 'zone of influence* 
around it in which the contribution per tonne is constant, and thus orders 
delivered to any point within this zone are equally attractive to the works. 
However, outside this zone - the boundaries of which are determined by the 
location of the competing Arms - the attractiveness of an order falls off rapidly 
as the contribution is reduced by the difference between the transport costs 
from the works under consideration and the transport costs from the nearest 
supplier. 

Because the basing point system encourages works to concentrate sales 
within their zones of influence, it is economically desirable^s it tends to 
reduce unnecessary transportation, whilst it does not penalise a works for 
supplying a distant customer who cannot obtain alternative supplies.    The 
basing point system may have an application in any large region where transport 
costs are a significant element in pricing policy. 
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31.10 Profitability of steel Industries 

Jaoan 

In Table 31.4 the profitability of the Japanese stce] industry is compared 
with that of Japanese industries in general.     To gauge the profitability of steel- 
making in Japan, some understanding uf its financing is essential.    The industry's 
total net debt, short and long term liabilities, have been increasing; between 
1965 and 1970 its capita] gearing had risen from tbc already high value of 72 per- 
cent to the even higher 83 percent.    Gearing in manufacturing generally is also 
high, but rose less fast, from 70 percent in 1965 to 78 percent in 1970. 

This was a period of relatively low and stable interest levels;   the bank 
discount rate, which influences the general trend of interest rates, fluctuated 
only between 5. 48 percent and 6. 25 percent.     Thus an increasing proportion of 
capital charges was required to be met at a relatively low rate of return.   While 
total assets rose from about $3,700 million to $7,600 million in 5 years, share- 
holders* funds rose from only $1,000 million to $1 ,300 million in the same period. 

The value added to materials index in the iron and steel industry (1965 base 
100) grew to 231 by 1970, compared with manufacturing at 218, or all industries 
at 214. 

As can be seen from the Table 31.4, productivity changes due to improved 
steel technology significantly reduced the labour cost component of value added. 
The highly geared financing during the industrial boom permitted a high rate of 
depreciation to be maintained, so that considerable investment could be financed 
internally without going to the market, and a policy of early replacement, 
incorporating the latest technology, could be pursued. 

Net profit before tax rose from 3. 2 percent of sales in 1965 to 6 percent 
in 1970.      Gross profit before payment of interest or charging depreciation rose 
from 16 percent of sales in 1965 to 1 8 percent in 1970. 

The intensity of use of total capital also increased during this period, the 
turnover ratio of total assets increasing from 0. 6 in 1965 to 0. 8 in 1970.    This 
would give a gross return on total assets, before payment of interest, tax or 
depreciation, of 10 percent in 1965 and 14 percent in 1970.   Expressed as a 
return on shareholders' funds after interest payment, but before charging 
depreciation, this would give 20 percent before tax in 1965 and about 70 percent 
in 1970.     The policy of a high rate of depreciation practiced in Japanese steel 
would reduce the profit, after payment of interest and depreciation, to about 
7 percent of net worth in 1 965 and 28 percent in .1970, before charging company 
tax. 

The profit after tax, depreciation and interest charges, rose from 1.4 per- 
cent of total assets in 1965 to 3. 8 percent in 1970.    It is important to recall 
that the total assets more than doubled during these five years, so it is an 
Increasing rate of return on an increasing capital base, and that the servicing 
cost of the debt, that is of about 80 percent of the capital base, has already been 



344 

TABLE 31.4    - PROFITABILITY ESTIMATES, STEEL AND MANUFACTURING,  JAPAN 

Estimated total assets 
(debt plus net worth) 

Estimated net worth 

Sales 
Net profit before tax 
(after interest and depreciation) 

Estimated net profit after tax 

Iron and steel 

19G5 

Turnover ratio 
(sales/total assets) 

Capital gearing (debt proportion 

of total assets) 

Gross return (profit before tax, 
interest and depreciation) 

on   total assets 
on   *ales 

Net profit oefore tax return 
on¡. sales 

net worth 

Net profit after tax return: 
Total assets 

on net worth 

Wages as a proportion of value 

added 
Wages as a proportion of sales 

$x 10 

3,700« 

1,000* 

2,300 

75 

53» 

0.6 

percent 

72 

10* 
16* 

3.2 

1.4 
5* 

48 

14* 

1968 

$x 10 

5,600' 

1,100" 
3,900 

Ï80 
150* 

0.6 

percent 

80 

II* 
17* 
4.6 

16* 

2.7 
13* 

41 

IS* 

1970 

$ x 10 

7, G00*• 

1,300* 

5,900 

360 

280* 

0.8 

percent 

83 

14* 
18* 

6.0 

28* 

3.8 
21* 

38 

12* 

Manufacturing industries 

1965 

$ x 10 

24, 500* 

7,600* 

17,500 

750 
560* 

0.7 

percent 

70 

10» 
14* 

4.3 

10* 

2.S 
T 

11' 

1970 

$ x 10 

38,000* 

8,300* 

38,000 

2,300 
I, 500* 

percent 

78 

14* 
14* 

6.0 

27* 

4.0 
18* 

41 

12» 

Sources:   Statistical Year Book 1971, The Japan Iron and Steel Federation. 

Notes-,       1. 'Estimates are calculations from reorganised data. 

8.    The above information relates to industry aggregates, and as such can be influenced by a few 

single large results:  It does not reflect the median characteristics of the companies. 

8.    Depreciation in iron and steel, excluding land and working capital, appears to be around 10 

percent per annum. 
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paid.   Related to shareholders' funds, net profit rose from 5 to 2] percent 
between 1965 and 1970 for the whole industry, though this would have varied 
from company to company. 

In 1965, after 10 years of major investment in the industry, expanding its 
output from 9 million to 41 million tonnes of crude steel capacity, the return on 
shareholders* funds, after payment of interest, depreciation and company tax, 
was 5 percent.    This figure was below the average return to shareholders in 
manufacturing industry as a whole, which was similarly high geared, but was 
similar to the general level of interest rates.     Returns to steel shareholders 
were thus not attractive to raising equity and it is interesting to note that by 1970 
steel capacity gearing stood at 83 percent while that of manufacturing generally 
stood at 78 percent. 

This high gearing generally signifies the low priority of shareholders* 
objectives in Japanese industry, and highlights the capability of banking and 
government institutions to mobilise the savings of individuals and organisations. 
Without both the social custom of saving and this mobilisation, the total cost of 
steelmaking and selling would have been higher and higher steel prices would 
have been necessary.      Modern techniques permit operating economies in 
resources used, but the price level will reflect the level of labour and capital 
costs in the country, which in turn reflect attitudes to work, managerial object- 
ives and general educational levels.    The impact of Japanese steel price trends 
on world steel prices has been significant, for it has coinè not only from modern 
technology , but from typical social factors, namely high capita] gearing at 
modest interest rates and secure labour contracts which have demanded high 
educational standards.    These may not be transferable to other locations. 

By 1970 Japanese crude steel output reached 93 million tonnes, similar to 
that of the ECSC as a whole, and approaching the USA and USSR outputs.   Steel 
exports constituted over 25 percent of production, and in the higher value-added 
flat products and special steels the proportion was much higher.    Rxnort profit- 
ability was essential, and it was thus constrained externally and internally from 
deviating too often or for too long periods from total-cost based prices. 

In the period 1965-70, both the gross return to capital and the return to 
equity shareholders increased.    The 1970 results to some extent reflect the 
export trade price boom, but because increased capital utilisation is significant 
in capital intensive industries, a net after-tax return to total assets of about 
3.5 percent would probably have been achieved, with a net availability to share- 
holders' funds of about 20 percent.   Seen from the position of 1965, the total-cost 
based low* price of steel has paid off, in the context of expanding markets and 
capacity planning, and raising equity finance in the years ahead should now be 
attractive. 

The close identity of objectives of industry and government in national 
planning and in the actual commitment of resources in Japan has permitted steel 
to be developed at a gross return to capital similar to manufacturing generally, 
but for a long period at a less net return to shareholders' funds. 
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Germany 

High annual investment in steel and high capital gearing have been pursued 
in Germany.    From the incomplete evidence on profitability given in Table 31. 5, 
it appears that net profit after tax, interest and depreciation in 1968/69 was 
below that in Japan.    Turnover of capital, that is sales/assets, appears to be 
slightly higher than that in Japan, and differences in taxation, interest rates and 
depreciation policies are therefore the most likely explanation of the lower net 
return to assets in Germany. 

TABLE 31. 5 - INDICATIONS OF PROFITABILITY IN STEEL 
IN GERMANY, 1968/69 

(This is based on the combined results of two of the leading steelmaklng groups) 

Sales 

Assets net of depreciation 
plus current assets 

Net worth 

Net profit after tax 

Capital gearing (debts as a 
proportion of total assets) 

Net profit after tax return 
on: 

Sales 
Assets 
Net worth 

$ million 

2,753 

2,400 

625 

53 

Percent 

74 

2.0 
2.2 
8.5 

Source :   Fortune 

Compared with Japan, interest rate levels during the 1960's have not been 
too dissimilar, the discount rate rising from 3 percent to 6 percent and mortgage 
bond yields and local authority bond yields being around 7 to 8 percent for most 
of the period. 

Tax rates in the two countries differ according to both the level of profits 
and whether distributed or retained.   From 1962 to 1970 the top corporation tax 
In Germany was 51 percent but distributed profits attracted only 15 percent tax. 
The general level of 40-45 percent compares with not more than 30 percent in 
Japan. 
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Pre-tax gross ret uni s on total assets are very similar in Japan and Germany, 
but the German steel industry will Lie more sensitive to post-tax returns on share- 
holders' funds;   while liij.li capital gearing is not unusual historically in Germany, 
much of manufacturing is now more equity based, and equity shareholders 
objectives play an important role in German business.   Thus the low net return 
to shareholders' funds would be viewed much more seriously than the Japanese 
lower return of 1965, even though it constitutes such a small proportion of 

steel capital. 

U.S.A.,. 

Aggregate financial information of the top 30 companies is set out in 
Table 31. 6. ' The capital is not highly geared:   this is in line with the general 
preference for equity financing in American manufacturing, and the prominence 
of equity shareholders' objectives in American business management and in 

social values. 

Comparing 1969 and 1970 there is a collapse in absolute profits, and in all 
the profitability measures.   Sales revenue declined by only 0. 5 percent, but 
employment costs rose 2. 7 percent, and operating cost s rose so that the gross 
return declined by 23 percent.    The heavy incidence of service charges and 
depreciation left a net profit before tax nearly 50 percent lower than that of 1969, 
and total assets 1.9 percent greater from the investment programme still under 
way.     This net profit was soon restored by the second quarter of 1971 when 
sale's revenue rose by 20 percent and gross return by 60 percent.   By then, 
increased prices and increased capacity usage had resulted in a net profit to 
shareholder s'funds of 15. 2 percent before tax, 8. 5 percent after tax.   The 
combination of excess capacity, a fundamental investment programme with all 
the reorganisation it entails, and increased wages has produced a highly volatile 

profitability record. 

Steel industry profitability in 1970 and 1971 was below that of manufacturing 
industries generally, in contrast to the position of Japan.    The gross return on 
total assets was considerably below that of Japan in 1970, but the 1969 value of 
12.4 percent was similar to that of the Japanese steel industry in 1968.   Figures 
for Germany also result in a 12 percent gross return on total assets in 1968-1969 
if calculated with the Japanese depreciation rate. 

Conclusions 

A gross return on total assets of 12-13 percent appears to be appropriate to 
a modern iron and steel industry when the technology has been consolidated. 
This is higher than in the past, possibly to accommodate the higher depreciation 
policies relevant to a changing technology compared with past norms. 

Differences in gearing, interest rate levels, taxation and depreciation 
policies, result in different allocations of the gross return of 12-13 percent on 
total assets when expressed as net profit available to equity shareholders. 
Whether the equity return in steel is called good or bad, depends on the social 
values of the business community and of the Government concerned rather than 
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TABLE 31. 6 - PROFITABILITY OF THE USA IRON & STEEL INDUSTRY 

• Top 30 Companies All Companies 
4th qtr            2nd qtr 

1969 1970 1970 1971 

io6$ 106$ io6$ 106$ 

Not Sales 19,400 19,300 <~ 23,000* 

Net Worth 12,700 12,750 

Employment costs 7,440 7,640 

Total assets(short and long debt 21,400* 21,800* 31,000 
and net worth) 

Net profit before tax (a) 1,340 690 

Depreciation, depletion (b) 1,060 1,060 

Interest, expense on long term debt(c) 250 290 

Gross return (a-fb-fc) 2,650* 2,040* ~ 3,200* 

Net profit after tax 890 510 

Turnover ratio (sales/total assets) 0.9* 0.9* 0.9* 1.1* 

Capital gearing(debt proportion of 

percent percent percent percent 

41* 42* 46 46 
total assets) 

Gross return: 
to sales 13.7 10.6 

to total assets 12.4* 9.4* 

Net profit before tax return to sales 6.9 3.6 1.5 7.3 

Net profit after tax return to total asse U      4.2* 2.3* 1.4 4.6 

Net profit before tax return to net wort h     10.5 5.4 2.5 15.2 

Net profit after tax return to net worth 7.0 4.0 2.5 8.5 

Employment costs as a proportion of 
"value added" 74 * 79* 

Employment costs as a proportion of 
sales 38 40 

Sources :  Industry Week 
Quarterly Financial Report Federal Trade Commission 

Notes : 

1. * Estimates are based on reorganised data. 

2. "Value added" estimated as an aggregate of gross return plus employment costs; 
as such it was low, for data on rents, rates, leasing etc. was not available. 

3. The information is based on aggregates; as such it can be influenced by a few 
single large results. 

4. 1969 and 1970 depreciation expressed as a percentage of net property, plant 
•nd equipment was 7-8 percent. 
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on industry comparison between countries, 
will continue to reflect this aspect. 

International investment in steel 

To pursue a policy of steel development may require a general industry 
or public commitment to giving the industry the period it needs to consolidate 
its experience of the newer technologies, and not applying the short-term 
profitability horizons of the free capital market.    To pursue such a development 
with high capital gearing in order to provide total cost-based low' pricing, may 
require a commitment to periodic financial support if the long-term management 
of the economy falters in its demand for steel below the agreed capacity planning; 
without such a commitment, a policy of retaining a large proportion of profit, 
with consequently higher prices, may have to be pursued. 
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CHAPTER 32  - ROLE OF THE DEVELOPING COUNTRIES 

In Chapters 27, 30 and 31 the trends in world production, consumption and 
international trade in steel in its various forms, have been discussed.   It is now 
possible to consider the position of the developing countries.   The countries taken 
to be in this classification are those so defined in the UNIDO report "Steelworks 
projects in developing countries". 

World crude steel production has increased steadily over the past decade 
from some 350 million tonnes in 1960 to more than 590 million tonnes in 1970. 
The developing countries have, during this period, increased their production 
from 10 million tonnes to 28 million tonnes.   Hence, over 96 percent of the 
world's production remains concentrated in the developed countries, most of it 
located in the highly industrialised centres of Europe, USA, USSR and Japan, 
where the trend has been to construct large integrated plants utilising much 
imported ore secured on long-term contracts from developing countries. 

Process selection for the production of steel in the developing countries 
changes as the industry grows.   It has been usual in the initial stages of 
industrial development to install rolling facilities only, for manufacture of rods 
and bars from purchased billets, and then to proceed through to scrap based 
steelmaking.   Finally, there is the transition to the blast furnace/BOF steel- 
making route.   Developing countries which have completed this chain of 
development are Argentina, Brazil, India, Turkey and Mexico.   Steel production 
in thes'i countries represents approximately half the total produced within the 
developing world. 

Expansion plans for the developing countries are summarised in Table 32.1. 
The projects have been listed under two headings:- agreed expansion plans and 
future intentions.   The former category includes steelworks plants under 
construction (which in some cases may have recently come on stream) and agreed 
projects not yet under way.   The second category includes both firm plans still 
awaiting formal agreement, and long term proposals which may never materialise. 
Most countries have plans of some kind, but as would be expected, the major 
developments are scheduled for those countries already having a heritage of iron 
and steel production and who have, therefore, a demand large enough to justify 
investment in larger, more economic plants.   Those countries whose markets 
are at present only small are clearly planning to base their steel production on 
scrap melting and continuous casting. 

SSO 
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TABLE 32.1  - EXPANSION PLANS FOR STEELWORKS 

IN DEVELOPING COUNTRIES 
million tonnes per year 

Electric Arc Route 

Country 

BOF Route (Including direct reduction) 

Agreed Future Agreed Future 
Plans Intentions Plans Intentions 

Algeria 2.50 ._ . . 

Libya - - - 0.32 

Tunisia - - - 0.05 

Liberia - 0.19 - - 

Nigeria - - - 0.10 

Angola - 0.12 - 

Zaire - - 0.15 - 

Kenya - - 0.03 0.20 

Uganda - - - 0.10 

Argentina 3.90 2.17 0.07 0.06 

Brazil 5.33 5.90 0.95 0.60 

Chile 0.34 1.00 - - 

Colombia 0.20 - - - 

Peru - 5.25 

1.60 

- 

Venezuela 0.75 13.00 - 

Mexico 4.17 2.00 0.70 

Central America - 0.11 - 0.29 

Egypt 1.70 - - 0.20 

Iran 1.40 - - - 

S. Korea 2.40 2.60 - - 

Malaysia - - 0.02 - 

Philippines - 1.50 - - 

Taiwan - 2.30 - - 

Thailand - 0.40 0.11 - 

Ceylon - - - 0.07 

India 4.92 7.95 0.05 1.90 

Pakistan 0.75 0.50 - - 

Greece - - - 0.30 

Ireland - - 0.06 - 

Turkey 2.10 2.00 

" 

Note: All expansion plans are intended to be implemented by 1980. 
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Reference has been made in an earlier chapter to the future structure of 
the steel industries within die developed countries, and although it must be 
accepted that because of the massive capital investment involved, changes in 
the structure of the industry will not occur quickly, there is a possibility that 
future large scale production may be split into two units, one for basic steel- 
making to produce slabs, blooms or billets and situated close to the ore reserves, 
the other for rolling these into finished products located near to the markets. 
The underlying technological reasons for such thinking are the growing problems 
of siting and pollution. 

Those countries who have large ore resources would have an important role 
to play in such a development.   The massive capital investment, organisation 
of human resources and training to achieve the rapid transformation from a 
mining based industry to a manufacturing one requires close co-operation, even 
partnership, with the interested developed countries. 

Such developments would also have an effect on the trading pattern of steel 
products.   Semi-finished steel, blooms, billets and slabs could be marketed on 
the basis of secure long-term contracts which could influence the development 
of the steel industries in the smaller countries.   Developments from scrap 
melting to iron and steel manufacture in small integrated works, which are 
questionable on economic grounds, may be superseded by purchase of semis 
from the large mine-based works, thus allowing better utilisation of available 
funds within those developing countries lacking iron ore resources of their own. 
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CHAPTER 33   - EXPANSION OF THE INDUSTRY 

The Terms of Reference commence with a brief statement of the expected 
demands for steel by the Brazilian economy during the 1970's.    The statement 
continues - "to satisfy this increasing demand an expansion of the Brazilian iron 
and steel industry will be required, beyond that contemplated in the plan already 
available Accordingly, plans for expanding the steel production capacity 
may involve the addition of 10 - 15 million tonnes per year of new capacity until 
1980, to reach an overall capacity of some 20 million tonnes per year by 1980. " 
This expansion of production capacity is clearly not to be concentrated in one 
vast production unit, nor devoted to the manufacture of a single product.    Thus, 
in order fully to assess the implications of trends in world technology for the 
planning of an expansion of this magnitude, the broad statement made in the 
Terms of Reference needs to be analysed in some detail.    It is necessary to 
forecast the future demand for different products, or groups of products, which 
the Brazilian steel industry will need to supply, and to estimate what capacity 
the industry is likely to have available in 1980, both from the existing works and 
from the plan currently being implemented. 

This chapter presents the available information on the likely future capacity 
requirements and the actual capacity expected from the implementation of the 
current expansion plan. The following Chapters 34 and 35 compare the two in order to 
assess what further expansion in production capacity will be required in each 
process area to meet the 1980 steel demand. 

33.1  Total capacity required by 1980 

The future capacity requirements have been calculated from the forecast of 
home demand for steel products made in a market study of national demand 
through to 1980, carried out in Brazil by Technometal   - Estudos e Projetos 
Industriais S.A.   in 1969.    The report of this study was made available to us by 
CONSIDER, who also laid down the allowances for two major variables   - 
exports and fluctuations in market conditions   - necessary for us to calculate 
what capacity will be required to meet the estimated future steel demand. 

The market forecasts were made by Technometal on the basis of an 
extrapolation of past trends, which could be affected by subsequent changes In 
world technology that were not anticipated at the time.    We have therefore 

353 



•^r 

354 

reviewed these forecasts in the light of the relevant technological trends 
(discussed in Chapters 7 to 32).    We have in general found no cause to suggest 
changes in the forecasts but we do consider that it would be wise to monitor the 
developments in one or two market sectors at regular intervals, and to 
undertake more research in other sectors. 

^ 

Home market dem_a_n_d_ 

The forecasts of the demand in 1980 for flat products are shown in Table 
33.1 and for non-flat products in Table 33.2.    The actual consumption for 1969 
is also shown for comparison.    The product groups correspond to those in the 
Technometal report.    A regional breakdown of demand for 1969 and 1980 is 
given in Table 33.3 for these two main product groups, with the exception of 
railway products, for which figures were available only on a national basis. 

Brazilian export potential 

CONSIDER laid down a fixed allowance for exports of all products, which 
was to be calculated by taking 12j¡ percent of the forecast home demand.    In 
1980 this amounts to 1.4 million tonnes of products, against the reported total 
in 1969 of 326,000 tonnes of steel products of almost every classification, but 
the majority being common steels.     For comparison, we note in Chapter 31 
Article 31.2 that the tonnage of products exported is 17 percent of total world 
consumption today.     If the proportion remains constant, then worldwide exports 
will amount to more than 150 million tonnes by 1980. 

It is important to distinguish between product exchange and true exports. 
Community trading as a result of rationalisation of production is becoming 
increasingly a feature of world trade, especially in specific trading areas such 
as the EEC.    A similar trend may be expected within the LAFTA, and there- 
fore, as the largest producer within that group, Brazil is in a strong position to 
play a leading role as a major participant in this form of trading. 

In Chapter 31 Article 31.5, attention is drawn to the current interest in the 
large scale export of semifinished products.    Such a venture is clearly of 
interest to Brazil as a means of adding value to potential exports of ore.    At 
the present time, it is not possible to forecast the tonnages of such products 
likely to be exported by 1980, but even if this were possible, such projects 
would have to be treated separately from the general development of the steel 
industry because of their special tied financing and market conditions. 
Consequently, no provision for such exports is included in this forecast. 

We regard the allowance chosen by CONSIDER as a good compromise 
between the amount of capacity that may be spared for export and the full 
opportunity that might be grasped. 

Product development^ and_substitution 

The Technometal forecasts are based on the development of end user 
industries, assuming a continuation of present technology.In Chapters 28 and 29 
we review the influence of technological trends on steel products.    In brief, we 
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TASLE 33.1  - FLAT PRODUCT DEMAND 

(thousand tonnes) 

Product 1969 1980 

Coated products - 

Tinplate 
Galvanised sheet 
Terne plate 

272 
48 

2 

840 
240 

8 

322 1088 

Cold rolled products 
Hot rolled products 

Plate 

Slab« 

512 
524 
358 

6 

1470 
1600 

1430 

20 

aub total (common 
steela) 

1722 5608 

Special steel products - 

Stainless steel sheets 
Silicon sheets 
Others 

13 
30 
19 

42 
80 
60 

62 182 

TOTAL 1784 5790 

Based on Technometal report 
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TABLE 33.2 - NON -FUT PRODUCT DEMAND 

(thousand tonnes) 

Product 1969 1980 

Wire Rod 394 1260 

Commercial bars - 

Rod 
Common steel bars 

382 
110 

I860 
310 

692 2170 

Light sections 136 370 

Medium and Heavy sections 
Rails and accessories 

161 
93 

420 
170 

2S4 390 

Seamless tubes 119 410 

Semis 

Blooms 
Billets 
Ingots 

2 
6 

31 

7 
f 

•7 

39 100 

eub total (common 
steels) 

Non common steel bars 

1634 

1S9 

4900 

730 

Special steel products - 

Tool steel bars 
Stainless bars 
High alloy bara 

6 
1 
1 

- 

9 SO 

TOTAL 1908 S660 

Based on Techaomttal report 
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TABLE 33.3 - REGIONAL MATRIX OF STEEL PRODUCT DEMAND 

(thousand tonnes) 

Flat Products Non-flat Products 
RE Cl ON 

1969 1980 1969 1980 

1. North 6 21 15 49 

2. North-North East 26 73 22 66 

3. North East 41 131 58 181 

4. East 16 79 40 144 

5. Minas 75 265 335 1022 

6. Central 6 9 25 75 

7. Rio de Janeiro 300 1212 295 957 

1. Sao Paulo 1184 3598 832 2433 

9. Parana 21 57 41 124 

10. Santa Catarina 17 46 16 48 

il. Rio Grande do Sul 92 299 130 391 

National railway 
demand 

- - 93 170 

TOTAL 1784 5790 1902 5660 

lased on Technomeul report 
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find in product development a trend towards steels of specialist specifications 
for particular duties, such as high- or low-temperature service, corrosion or 
abrasion resistance, and steels with characteristics specially suited to particular 
manufacturing processes such as machining, cold forming, deep drawing, welding 
or heat treating.    As regards product substitution, the markets in Brazil where 
changes are likely to occur are packaging and tubular products. 

The trend towards a more closeiy defined specification of product character- 
istics is unlikely to affect significantly the total demand for steel, but may well 
alter the relative demand for différent product groups.    This will chiefly affect 
the bar market, in which the tonnage of bars classed as non-common may be 
expected to increase at the expense of common bars.    In flat products, a greater 
proportion will be subject to inspection procedures of the kind already common 
for ship plate. 

The two products most likely to be influenced by product substitution are 
tinplate and seamless tutes.    Plastic wrapped vacuum packing of some products 
is an alternative to canning, and tinfree steel is an alternative to tinplate for 
some markets.    It will be important to determine how these alternatives will 
develop in Brazil.    Developments in welded pipe have already affected the demand 
for seamless tube, and this trend must be expected to continue.    There is also 
a need to identify in detail the different classes of welded pipe to make process 
selection possible.    We recommend that a market survey be undertaken in 
these two areas to clarify the situation. 

Market fluctuations 

The demand for steel fluctuates in the short term by as much as 20 percent 
about the trend line.    The unpredictable size and frequency of the fluctuations is 
a source of continual embarrassment to steelmakers. 

For many years an allowance of 15 percent of capacity has been considered 
desirable to cater for surges in demand.    CONSIDER propose an allowance of 
12$ percent of home demand which is, in effect, 10 percent of the proposed 
capacity. 

It is perhaps technological trends in data handling rather than in steelmaking 
that are likely to affect this phenomenon.    The factors causing market 
fluctuations are numerous and not all have been identified, but with the better 
flow of information that now exists and the closer co-ordination of industries by 
national and supra-national bodies, we consider the lower allowance adopted by 
CONSIDER to be justified. 

Demand for production^ capacity 

The production capacity required by 1980 will be the sum of the home demand, 
the export potential and the contingency allowance for market fluctuations.    The 
total is based on the Technometal forecast for home demand plus 12^ percent for 
export and 12¿ percent for market fluctuations.    The increases have been 
assumed to be evenly distributed over all the products manufactured.    The total 
capacity requirements for each of the product groups considered are summarised 
in Table 33.4. 
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TABLE 33.4   - CAPACITY REQUIREMENTS 
BY PRODUCT IN 1980 

(thousand tonnes) 

Flat product sector Non-flat product sector 

Product Capacity Product Capacity 

Tinplate 1050 Wire rod 1580 

Galvanised sheet 300 Commercial bars 2710 

Terne plate 10 Light sections 460 

Cold rolled products 1840 Medium & heavy sections 530 

Hot rolled products 2000 Rails and accessories 210 

Seamless tubes 510 

Plate 1780 

Semis 125 

Slabs 25 

sub total 7005 sub total 6125 

Special steel products 230 Non-common steel bars 915 

•• 

Special steel products 35 

TOTAL 7235 TOTAL 7075 

33.2 Estimated capacity in 1980 of the existing industry 

The production capacity of the present industry has been set down in 
Chapter 1.    The present industry has been defined by CONSIDER as those 
plants which are already operational, together with such extensions and new 
installations as have been authorised by CONSIDER up to September 1971. 
By 1980, all these new facilities will have been in operation for some years but 
some of the existing plants will have been closed due to age or obsolescence. 
The contribution that the present industry will make to the total forecast 
capacity requirements in 1980 will therefore depend on the numbers of plants 
that close down, and on the performance levels attained by the plants still In 
operation. 
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We have based our estimates of capacity on the expectation that the 
Industry will respond to the short term improvement recommendations in 
Chapters 3 to 6.    We have also taken a view of the reduction in production 
capacity likely to result from plant closures.    We have related capacity as 
closely as possible to the product classification set out in the market survey data 
but we are aware that the information at our disposal precludes a precise 
allocation of capacity.    The foregoing figures have been used to derive the 
estimate of additional capacity that lias to be planned for, during the rest of the 
decade. 

Performance levels in 1980 

Performance levels within the steel industry throughout the world are 
expected to continue to rise and a summary of the predicted levels which may be 
generally expected to obtain in major steelmaking countries by 1980 is given in 
Appendix 1.    This assessment of the Brazilian steel industry is based on these 
levels, due account being taken of the size and age of existing plant. 

The implementation of short term measures for raising performance levels, 
as discussed in Chapters 3 to 6, together with the modernisation programmes 
that will undoubtedly be carried out during the next few years, should enable the 
industry to reach a high level of performance.     This we have taken into account. 

In making our assessment we have assumed different performance levels 
for existing and new plant.    For the existing ironmaking facilities, including 
cokemaking and sintering installations, we have assumed performance levels 
between 80 and 90 percent of those predicted for new plant in 1980.    The existing 
BOF steel plants and the casting and rolling installations of the flat product sector 
are assumed to be operating practices comparable with new plant but the steel- 
making and rolling facilities in the non-flat sector are assessed at levels about 
80 percent of those for new facilities. 

» 

The new works equipped with modern plant are assumed to be up to the world 
levels given in Appendix 1. 

Pjraduction_ çapaçity_ of the flat product sector 

The flat product sector consists of three works   - CSN, Usiminas and Cosipa. 
Production is rationalised to the extent that CSN specialises in coated products 
and the other two are the plate producers.    All three produce hot and cold rolled 
strip products.    Due to the integrated nature of the operation in flat product 
works, plant capacity at each of the major process centres is shown in Table 33.5 
for the three plants individually.    In the table, 'existing' refers to plant already 
installed and 'authorised' refers to planned capacity sanctioned by CONSIDER 
at September 1971. 

I 

In making our assessment, we have assumed that: 

the blast furnaces will be operating on a 100 percent self-fluxing 
sinter burden: 

the CSN open hearth melting shop is closed down: 
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TABLF 33.5   -   FOR! CAST CAPACI! V  IN   1980 (HAT PRODUCT  SKCTOR) 

(Million  tonnes) 
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Plant 

Coke oven» 

CSN 
Uiiminas 
Cosipa 

Sinter plants 

CSN 
Uiiminas 
Cotipa 

Blast furnace 

CSN 
Uslmlnas 
Cotipa 

•OF plants 

CSN 
Uiiminas 
Cotipa 

Slabbing 
facilities 

CSN 
Utiminas 
Cotipa 

Plate mills 

CSN 

Uiiminas 
Cotipa 

Hot itrip 
mills 

CSN 
Uiiminas 
Cotipa 

Cold strip 
mills 

CSN 
Uiiminas 
Cotipa 

Product 

Coke 
(all grades) 

Blast furnace 
tinter 

Hot 
metal 

Liquid 
iteel 

Slabt 

Plate 

Hot coll 
and theet 

Cold coil 
and sheet 

Forecast    Capacity 

Existing 

0.78 
0.57 
0.59 
1.94 

2.57 
1.30 
2.25 
6.12 

2.00 
1.23 
1.10 
4.33 

1.02 
1.45 
2.47 

2 
1.03 
1.62 
2.452 

5.60 

0.25 

0.25 

1.60 
1.80 
1,50 
4,90 

1.10 

0.83 
1.93 

Authorised 

0.50 
0.52 
0.56 
1.58 

1.75 
2.50 

4.25 

2.80 
2.50 
2.50 
7.80 

2.70 
3.10 
1.31 
7.11 

Q.95J 

0.603 

1.55 

0.65 
0.85 
1.70 

o.eo 

0.60 

Total 

1.28 
1.09 
1.15 
3.52 

4.32 
3.80 
2.25 

10.37 

4.80 
3.73 
3.60 

12.13 

2.70 
4.12 
2.76 
9.58 

1.98 
2.22 
2.45 
6.65 

1.10 
0,85 
1.95 

1 60 
1.80 
1.50 
4.90 

1.10 
0.60 
0,83 
2.53 

Remarks 

1.  existing OH thop closed 

2. Ingot casting ft primary 
rolling 

3. continuous catting 

4. existing mill becomes 
temper milt 
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500, 000 tonnes of CSN's casting und primary mill capacity is 
allocated to bloom production: 

CSN does not roll plates» 

The facilities for producing coated products are located at CSN.    When 
present authorised plans are fully implemented, these will be able to produce 
550,000 tonnes of tinplale, 200,000 tonnes of galvanised sheet, and 5,000 tonnes 
of terne plate. 

Production capacity of thenqn-flat sector 

The non-flat product sector, being fragmented, cannot be treated in quite 
so systematic a fashion as the flat product sector of the industry.    The 
capacities given are aggregates both of several plants and also of existing and 
authorised planned works. 

The age, size and type of some plant will make it unsuitable for modernisa- 
tion.    Thus, in this sector some allowance has to be made for closures which 
will offset increases in capacity attained by works more suitable for development. 
The open hearth and electric arc steel plants are most affected by this.     The 
assessed potential plant capacity for the sector is summarised in Table 33.6, 
classified under the main process areas. 

In making this assessment, we have assumed that: 

die existing blast furnaces in this sector all operate on charcoal; 

the direct reduction plants at USIBA and Piratini will be in full 
commercial operation; 

about one million tonnes of existing open hearth and electric arc 
capacity will be taken out of service by 1980; 

the CSN section mill will still be in use; 

a nominal amount of mill capacity is closed down. 

It should, however, be borne in mind that developments in processes such as 
KP (Chapter 12, Article 12.4) could influence the timing of the closure of some 
open hearth shops. 

Capacity of sgecialsteelsjgroduction 

Production capacity in this section is very sensitive to product mix, so 
that our assessment is not detailed beyond an indication of approximate mill 
and steelmaking capacity in the two main product classifications.    This is set 
out in Table 33.7. 
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TABLE 33.6 - FORECAST CAPACITY IN 1980 (NON-FLAT PRODUCT SECTOR) 

(million tonnes) 

Plant 

Ironmakinfl plant 

Charcoal blast furnaces 
Electric smelters 

Direct reduction plant 

Steelmaklng plant 

Open hearth furnaces 
BOF 
Electric arc furnaces 

fUoom and billetmaking plant 

Ingot casting It rolling 

Continuous casting 

Rolling mills 

Product 

Hot metal 

Sponge iron 

Liquid steel 

Blooms 
Billets 
Billets 

Forecast 
capacity 

1.40 
0.2S 

0.32 

0.31 
0,82 
2.55 

0.50 
2.84 
a 43 

3.77 

Wire Rod 
Commercial bars 
Light sections 

0.80 
1.65 
0.30 

Medium sections 
and rails etc. 

0.73 

Seamless tubes 0.15 
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TABLB 33.7   - FORECAST CAPACITY IN 19i0 (SPECIAL STBBLS) 

(million tonnet) 

PUnt Plat products Non -flat products 

Steel plant 

Rolling mills 

0.04 

0.04 

0.61 

0.52 

to the non-flat sector we would classify most of the steelmaklng capacity as 
able to produce non-common steels with only about 11,000 tonnes capacity 
suitable for high alloy special steel production. 
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CHAPTER 34 IMPLICATIONS FOR CASTING, ROLLING 
AND FINISHING IN BRAZIL 

The yield at each stage in the manufacture of finished steel products is less 
than 100 percent.    It is, therefore, convenient to consider the implications of 
capacity demand by dealing first with finishing processes, and working back 
from them to derive the demand for ironmaking capacity. 

In this chapter, die three main product sectors   - flat, non-flat and special 
steels   - arc dealt with in turn.    The shortfall in capacity in 1980 is deduced, 
for each sector, by establishing the needs of the main production stages from 
the base data in Chapter 33 and the process yields in Appendix 1.    In general, 
no attempt is made to break the shortfall down to individual works level, although 
in the flat sector, where individual units are large, some reference is made to 
particular works to ensure a realistic understanding of the situation. 

The technological trends relevant to the situation obtaining at each production 
stage are presented, and the implications for planning the necessary expansion 
are discussed.    In general, world trends in casting, rolling and other shaping 
processes, and finishing are towards the development of larger and faster 
production units, with a bias towards specialisation either of product type or 
size range, for some plant.    Improved productivity of plant and higher quality 
in the product are being achieved by the increasing application of computer 
control of processes. 

34.1  Flat product sector 

The demands for capacity for low carbon steel products In the flat product 
sector are set out in Table 33.1 in Chapter 33.    In Table 34.1 these demands 
are shown converted to equivalent demands for capacity in the main process 
centres, back through the works, to derive a demand for slabbing capacity. 
For comparison, the forecast capacity available in each of the three existing 
works has been re-presented from Table 33.5. 

Tinplat_e_ _ - _ coating_ and jroljing 

The capacity shortfall for tinning by 1980 will be 500,000 tonnes, and for 
cold rolling of tinplate feedstock the shortfall will be 400,000 tonnes. 

365 
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The principal technological trend in tinning has been the speeding up of the 
process lines.    Modern lines have annual capacities of up to 250,000 tonnes. 
There arc no significant trends in temper rolling but there is a move towards 
the adoption of continuous annealing, giving improved yields. 

Modern mills for cold rolling strip for tinplate production are six-stand 
tandem mills with hydraulic roll gap control and automatic work roll changing 
equipment.    The mills are computer controlled and have an annual capacity of 
about 700,000 tonnes.    With the continuing growth of tinplate demand in the 
1980's a complete tinplate works based on the capacity of such a cold mill is 
probably the most economic option for Brazil.    Continuous rolling has now been 
developed and may be applicable for this installation. 

As was noted in Chapter 33, tin-free steel could become an important 
product for Brazil and it may be necessary to plan for the installation of TFS 
units into the tinplate line at a later date.    A change to TFS would have no 
effect on the cold rolling capacity. 

Other coated products 

There have been no particularly noteworthy developments in the production 
oí galvanised sheet and terne plate.    It is anticipated that the capacity shortfall 
of 310,000 tonnes of galvanised sheet will be met by the installation of two 
standard lines with capacities of about 150,000 tonnes each. 

Cold rolled products^ 

In addition to the requirement for a cold strip mill for tinplate, noted above, 
there is also a shortfall of some 300,000 tonnes in the production of cold rolled 
sheet, some of which will be coated. 

This demand is probably best met by a four- or five-stand, tandem mill. 
The mill should incorporate the latest advances in automation available at the 
time and should have automatic gauge control and built-in work roll changing 
equipment.    The width, and hence output, of the mill will depend on the 
requirements of auto body manufacturers.    A 2-metre wide mill would have a 
capacity of about 1.2 million tonnes.    Such a high capacity mill might necessitate 
some correction of imbalance by interchange of products between the three 
works in the flat product sector. 

\*?S ï°y?d_strip 

It can be seen from Table 34.1 that the demand for hot rolled strip, whether 
sold as hot finished or sheets, or supplied as feedstock for cold mills rolling 
either sheets or tinplate, will give rise to a shortfall in capacity of approximately 
900,000 tonnes by 1980. 

The trend today is to install modern fully continuous wide hot strip mills of 
between 3 and 5 million tonnes capacity.    A mill of this output could not be 
justified in Brazil on the basis of the 1980 shortfall alone, but the rapid growth 
in demand for hot strip will fill such a large capacity mill by the mid-1980's. 
The actual capacity will depend primarily upon the width and product mix. 
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The mill should incorporate the features discussed in Chapter 17, 
Article 17.2, and its configuration should be a matter for discussion with the 
mill engineering companies at the time of purchase.    The determination of the 
optimum size and configuration will require a major engineering study. 

Plate 

Up to the year 1980, there is no anticipated shortfall in plate capacity and 
the question of installing further plate mills does not arise. 

Slabs 

The capacity shortfall for slabs, as indicated in Table 34.1, is some 1.4 
million tonnes by 1980. 

As noted in Chapter 15, the leading steelmakers still disagree about the 
suitability of continuous casting for the production of slabs for hot strip.    The 
demands of mill operators for a wide range of slab widths, and the continuing 
demand for rimming steels, are likely to defer the wholehearted acceptance of 
continuous casting for some time to come.    On the other hand, continuous 
casting is ideal for slab production for plate where a limited range of slab 
cross sections is needed and fully-killed steels are to be cast. 

The flat product sector already has a mix of slabbing facilities   - both 
ingot casting and primary rolling, and continuous casting.    It is possible that 
the small increase in capacity which is needed can be satisfied by additional 
continuous casting capacity.    However, the requirements in each works will 
have to be studied carefully to ensure that the necessary range of slab sizes 
can be produced. 

34.2  Non-flat product sector 

The demands for capacity for low carbon steels in the non-flat product 
sector are set out in Table 33.2 in Chapter 33.    In Table 34.2 these demands 
are shown related to the appropriate type of mill and also converted to equivalent 
demands for bloom and billet production capacity, as applicable.    For comparison 
the potential capacity available in existing works has been re-presented from 
Table 33.6 in Chapter 33. 

The products considered are those covered by the Technometal report : 
wire rod, merchant bars, light sections and billets; medium and heavy sections, 
rails and accessories, and blooms; and seamless tubes. 

Wire rod 

The capacity shortfall for wire rod by 1980 will be approximately 800,000 
tonnes. 

The principal technological trend has been towards higher speeds through 
the use of no twist finishing blocks together with controlled cooling.    This has 
been accompanied by a trend towards the use of larger billets to improve 
productivity and yield. 
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A modern high capacity wire rod mill should incorporate these features 
and its precise configuration should be a matter for discussion with the rolling 
mill engineering companies at the time of purchase.    The shortfall by 1980 is 
likely to permit the installation of at least one large capacity specialist wire 
mill, devoted to bulk production of a limited range of products.    Whether a 
second specialist mill can be justified at this time will depend on the degree of 
rationalisation that can be achieved in the industry as a whole. 

Merchant bars 

From Table 34.2 it can be seen that there will be an approximate shortfall 
in capacity by 1980 of 1,000,000 tonnes. 

Most of the recent developments in merchant mills have been directed 
towards improving the quality of the product, and increasing mill productivity. 
Mill capacities of up to 500,000 tonnes are now available. 

As with wire rod mills, advantage should be taken of high capacity bar 
mills operating on a limited product mix.    Again, the degree of rationalisation 
achieved will govern the extent to which such a policy can be followed.    The 
location of the markets in relation to the mill will also have an influence on the 
most economic size of plant. 

Light sections 

Table 34.2 indicates a capacity shortfall of some 160,000 tonnes of light 
sections by 1980.    This would not justify a specialist mill, and it is probable 
that sufficient capacity will be available in the existing merchant mills to roll 
this small quantity. 

The need to provide for light sections, in this way, underlines the value of 
a detailed study and understanding of the requirements of the rod, bar and light 
section market before reaching any decision on the installation of new mills. 

Medium and heavy sections 

The capacity demand for medium and heavy sections by 1980 cannot be 
clearly deduced from the Technometal report.    The figures in Table 34.2 
suggest that there is no shortfall, but this is misleading siucc none of the 
installed capacity is capable of producing heavy universal or parallel-flanged 
sections. 

The demand for heavy sections will depend mainly on the pattern of civil 
and structural engineering construction, and the demand figures will need to be 
re-assessed in the light of the trends in structural engineering.    The ship- 
building industry may also be an important market. 

If a demand is established, this can be satisfied by the installation of a 
universal beam mill, the size of which would depend on the product mix. 
Modern mills of this type have annual capacities of 500,000 tonnes, with the 
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latest designs achieving 750,000 tonnes.     Such tonnages arc large compared 
with the forecast requirements by 1980, so that the planning of such a mill 
would also have to take into account the growth in demand during the 1980's. 
As noted in Chapter 18, it is the current trend to limit the heam size produced 
to 500 or 600 millimetres maximum dimension, larger sections being produced 
as fabricated three-piece beams. 

Rails and_accessories 

There is no apparent shortfall in production capacity for rails and 
accessories up to 1980.     If the demand were to increase, or there were 
requirements for different section sizes, the additional output could probably 
be obtained from a new universal section mill. 

Seamless_ tubes 

It can be seen from Table 34.2 that there will be a considerable production 
shortfall for seamless tubes.    This must, however, be qualified by the unknown 
factor of the -existing welded tube production.    A major trend in tube production 
is the growing acceptance of welded tutes for applications which had been 
previously supplied by seamless tubes.     It is, therefore, most important, as 
already stressed in Article 33.1, that the product size, quality and usage of 
the tutes be established before commitments are made for seamless tute plants. 

In the seamless tube production process itself, the trend is to install plant 
ot Increasingly sophisticated engineering specification, enabling higher outputs 
and closer tolerance products to be produced. The choice of a particular type 
of seamless tube mill will be highly dependent upon the types of product to be 
produced, rather than the quantity, and should be discussed with the specialist 
mill suppliers at the time of purchase. 

It is worthy of restatement to say that most careful consideration should 
be given to the production of continuous butt-welded pipe for the smaller end of 
the commercial pipe market, and the production of large line pipe by the U and 
O process, and above that range by spiral welding. 

Blooms. ?nd_biJI<~t_s_ 
As shown in Table 34.2, there is a total shortfall in bloom and billet 

production capacity of some 2.8 million tonnes by 1980, if the capacity require- 
ments for non-flat products in common steel are to be satisfied.    Of this total, 
2.3 million tonnes is estimated to be billet stock, while the remaining 0.5 million 
tonnes is required as blooms. 

The development of continuous casting has led to a major reappraisal of 
bloom and billet production, especially the latter.    The better yield, compared 
with ingot casting and primary rolling and, for small outputs, the lower capital 
costs, have led many steelmakers to select or change to continuous casting. 
It does, however, suffer as a process from some inflexibility due to the time 
needed to change moulds and roller guides for different product cross-sections. 
This may not be much of a restraint for the bloom caster, or for the billet 

«*i 
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caster of a miniworks where a limited range of products is offered.    However, 
for most billet works a wide range of billet cross-sections is required;  this is 
even more the case if the billet producer is supplying re-rollers as well.    To 
retain flexibility, while still taking advantage of the gains in yield from 
continuous casting, several works have been designed to produce continuously 
cast blooms which are then rolled to billets.    This arrangement is the only 
practical alternative to ingot casting and primary rolling for production levels 
over a million tonnes per year, because the number of strands in a billet casting 
machine necessary to handle the throughput becomes too large. 

The majority of non-flat product works in Brazil are currently producing 
less than 100,000 tonnes per year.    Even with three- or four-fold expansions 
these are not going to contribute extensively to the total need for capacity. 
The provision of a large-scale producer of billet stock would have the advantages 
of meeting the needs in one stage instead of in many, and of enabling management 
in existing works to concentrate on expanding finished product capacity.    A 
works of about three million tonnes capacity producing continuously cast blooms 
could supply, through a billet mill, the non-flat sector generally, and could 
also be the site for bloom -using plant such as a universal beam mill or a 
seamless tube mill. 

34.3 Special steel products sector 

The following product groups in the flat and non -flat category have been 
considered under this heading : 

Flat products Non -flat products 

Stainless steel Non-common bar 
Silicon steel Tool steel bar 
Special steel sheets Stainless steel bar 

Other high alloy bars 

Table 34.3 summarises the demand for, and availability of, capacity in 
the special steel sector.    The information in the tabic has been derived from 
Tables 33.1, 33.2 and 33.7 in Chapter 33.    It can be seen that in both the 
flat and non -flat sectors of the market there will be serious shortfalls by 1980. 

Flat J?r_o_ducts 

The total shortfall in capacity for finished steel products is approximately 
200,000 tonnes.    Undoubtedly some portion of this will be cold rolled grain 
oriented sheet which is normally rolled on plant used exclusively for this 
purpose.    It will thus be necessary to install two or maybe three small mills, 
probably Sendzimir cluster mills, to handle these demands.    By hot mill 
standards the shortfall is small, so that the most economic solution may be to 
arrange hire rolling agreements with the large flat product works to provide 
this capacity.    The new developments on the Steckel mill noted in Chapter 17 
make such a mill a possible alternative. 

«* 
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NcMi-¡flat_ products 

The major part of the capacity shortfall of about 500,000 tonnes is in the 
category of non-common bar. 

Technological trends in rolling non-flat special steel products are similar 
to those for common steels and, provided care is taken to avoid excessive 
decarburisaiion in the reheat furnaces, non-common steel bar can be rolled 
very satisfactorily on bar mills of the type used for merchant bar production. 
However, some high carbon and alloy steels require normalising or slow 
cooling immediately after rolling, which calls for special facilities. 

Semi -finished products 

Continuous casting is technically suitable for most special steels and 
economic for the small tonnages required.    However, hire rolling of ingots 
may prove more advantageous if a wide range of sizes of semis are to be 
produced. 

34.4  The demand for steel 

In the previous three articles, the casting capacity required by 1980 has 
been identified in terms of slabs, blooms and billets as follows: 

Sector 

Plat products 

Non -flat products 

Special steel products 

All products 

Capacity (million tonnes) 

8.02     Slabs 

6.64     Blooms and billets 

1.34     Slabs and billets 

16.0       Semis 

The existing capacity is already a mix of ingot and continuous casting 
facilities.    Various options are open to fill the remaining shortfall, each having 
a different yield.    It is thus impossible to determine the liquid steel required, 
precisely, without first deciding which processes shall be used.    To carry the 
discussion forward, a view has been taken on the average yield likely to be 
achieved in each sector, leading to the following demands for steelmaklng 
capacity. 

Capacity (million tonnes of liquid steel) Sector 

Flat products 

Non -flat products 

Special steel products 

AU products 

8.9 

7.4 

1.7 

18.0 

** 
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CHAPTER 35 - IMPLICATIONS FOR IRON AND STEELMAKING IN BRAZIL 

In Chapter 34 we established the level of steel production required - in 
each of the flat, non-flat and special steel products sectors - to satisfy the 
forecast 1980 demand for finished products. 

The principal choice of process route is between hot and cold metal steel - 
making.    In general, both flat product mills and hot metal steelmaking are 
more economic when operated on a large scale, whereas non-flat product 
mills and cold metal steelmaking can both be operated economically at modest 
levels of output.    However, decisions on iron and steelmaking facilities are 
influenced as much by the availability of raw materials as by the type of end- 
product. 

As the main cold charge feedstock - scrap - is the cheapest source of Fe, 
it is desirable to use as much as possible.    On the other hand, we have shown 
in Chapter 14 that if the demand for scrap exceeds the supply, the value of the 
scrap rises and hot metal steelmaking becomes the cheaper process. 

From a national viewpoint, therefore, an ideal solution would be to strike 
a balance between hot and cold metal steelmaking capacity which leaves the 
scrap demand of the industry slightly less than the available supply.    Before 
considering the iron and steelmaking needs of the various sectors - and the 
technological developments which are relevant to them - it is thus necessary 
to determine the approximate balance between the hot and cold metal routes. 
Crucial to establishing this is an estimate of scrap availability in 1980. 

35.1 Balance between hot and cold metal steelmaking 

Reference to Chapters 12 and 13 shows that hot metal steelmaking is dominated 
by processes based on oxygen blown converters while the dominant cold metal 
process is the electric arc furnace.    The amount of scrap consumed by oxygen 
steelmaking processes can be varied quite widely;  we have assumed that the normal 
practice of consuming internally arising scrap is adopted.     The amount arising 
will vary from product to product but on the basis of the yields assumed in Chapter 
34 the Brazilian industry will have an average total internal scrap rate of about 
20 percent.    It is expected that there will be no difficulties in operating steelmaking 
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furnaces with a 20 percent scrap charge, although with the larger furnaces this 
level of scrap may be insufficient to provide the necessary cooling.     An 
increase to 25 percent scrap would reflect on the plant capacities upstream 
of steelmaking, but since scrap is likely to be in short supply, it is more likely 
that alierir live coolants would be a more practicable solution (See Article 35.5). 
The electric arc furnace charge has teen assumed to be 95 percent scrap. 
(See Appendix 1). 

Scrap Available_in_1980_ 

Estimates of the amount of scrap available in Brazil by 1980 are given in 
Table 35.1;   the internally arising scrap has been calculated on the basis of an 
assumed average yield of 80 percent of finished product from liquid steel. 

TABLE 35.1 - ESTIMATED SCRAP AVAILABILITY IN BRAZIL 

1980 

(million tonnes) 

Source Scrap availability in 1980 

Steelworks internal 

20 percent circulating 

3.6 

Process scrap 1.3  * 

Capital - home goods 1.6  ** 

- imported goods 0.4  ** 

TOTAL 6.9 

*   IBS forecast.   The Atkins Planning forecast is 1.4 million tonnes 

**   IBS forecast. 

Existing steelmaking capacity 

By 1980 the industry, with its present authorised expansion plans, will have 
sufficient capacity to produce the steel required for all flat products demands, 
and for about 5 million tonnes of non-flat and special steel products.    The 
actual quantities are set out in Table 35.2, together with the scrap requirement 
for each type of steelmaking.    The tonnages for flat products are taken from 
Chapter 34 (Table 34. 2 and Article 34.4) since the forecast available capacity 
exceeds the forecast demand, while the tonnages in the non-flat and special 
steels sectors are taken from Chapter 33 (Tables 33.6 and 33.7). 
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TABLE 35.2 - FORECAST OF STEELMAKING CAPACITY AND SCRAP 
REQUIREMENT FOR EXISTING PLANT IN 1980 

(million tonnes) 

Sector Liquid steel 
capacity 

Estimated scrap requirement 
(20 percent charge unless 

otherwise stated) 

Flat product: 
to satisfy demand 
to supply blooms ** 

8.9* 
0.57* 

1.96 
0.13 

Non-flat product: 
open hearth 
DOF 

0.31 
0.82 

0.23 (70 percent) 
0.18 

electric arc: 
(i) scrap-based 

(ii) sponge iron based 
2.20 
0.35 

2.23 (95 percent) 
0.08 

Special steels: 0.65 0.48 (average 70 
percent) 

Total 13.80 5.29 (say 5.3) 

*  The forecast total capacity will slightly exceed this 
figure (see Table 33.5) 

**  See Table 34.2 

Shortfall incapacity^ 

The shortfall in overall steelmaking capacity in 1980 will be some 4.2 million 
tonnes per year, concentrated hi the non-flat and special steel sectors.   The 
scrap available, surplus to the demands of the existing industry, will be about 
1.6 million tonnes, so that the shortfall could be supplied by hot and cold 
charged steelmaking in the following proportions: 

Process 

Oxygen steelmaking 

Scrap-based 
electric arc 

Total 

Capacity 

(million tonnes) 

3.3 

0.9 

4.2 

Scrap required 

(million tonnes) 

0.6 (20 percent) 

0.91 (95 percent) 

1.6 

«*k 
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35.2  The needs of the flat product sector 

As noted in the previous article, the flat product sector has, nominally, 
sufficient capacity to meet the demands of the market in 1980.    Nevertheless, 
by that time, it will be necessary to have in hand plans for further expansion. 

The installation of a continuous hot strip mill, as discussed in Article 34.1, 
is likely to cause some imbalance between the three works in the sector, so that 
a decision to add steelmaking capacity may have to be taken somewhat earlier than 
is at first apparent. 

In Table 35.3, the capacities required by 1980 for steelmaking, ironmaking, 
sintering and cokemaking are set against the forecasts of capacity available in 
the existing industry (from Table 33.5).    The capacities are also broken down 
between the three works to indicat e the degree of self sufficiency in each. 

There is clearly ample ironmaking capacity - Usiminas being the only works 
which does not have a substantial surplus of capacity in relation to its steelmaking 
requirements.    Expansion of the CSN DOF shop from two to three furnaces would 
bring the facilities there also roughly into balance. 

On the other hand, CSN is the only works with sufficient sintering and 
cokemaking capacity to service its available steelmaking capacity, and even then 
there is too little sintering capacity to match the total installed and authorised 
iron-making capacity. 

The process of gradually increasing the output of an integrated works tends 
to give rise to imbalance of capacity between individual plant items, since each 
increment of plant must allow for growth beyond the current level of output. 
It is an important function of planning to minimise the cost of this imbalance. 

From Table 35.3 it can be seen that imbalances will exist by 1980 in terms 
of cokemaking and sintering, in particular;   since it is not practicable to move 
sinter, coke or hot metal between the three works, it is necessary *o maintain 
a measure of balance at each works.   In planning to meet the sintering and 
cokemaking capacity deficit in 1980, therefore, account must also be taken of the 
probable rate of growth in demand for the few years following 1980. 

Additional steelmaking capacity for the period beyond 1980 could be 
provided for example, by adding further furnaces at CSN and Usiminas; together 
these could provide between 4.0 and 4.5 million tonnes per year of additional steel, 
but Usiminas will also require further ironmaking capacity. 

The apparent surplus of sintering capacity at CSN cannot be used at the 
other two works where the total imbalance between sintering and steelmaking 
capacity is about 3.6 million tonnes per year.    The surplus at CSN will, in any 
case, become a deficit as soon as a third BOF furnace is installed. 
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Clearly it will be necessary to install some large additional sintering 
capacity in the flat sector, especially when the increase in demand beyond 1980 
is taken into account.     Economies of scale of sinter plants continue up to high 
outputs, and advanced continuous travelling grate sinter plants will, by the end 
of the decade, be capable of producing over 5 million tonnes per year.     A 
problem with sinter plants, however, is that they cannot be continuously 
operated at a high degree of under-utilisation without impairing the sinter 
quality.    Thus, it is likely that the Brazilian industry will be constrained to 
install plants smaller than the maximum sizes available. 

The performance, in the blast furnace, of sinter and pellets is very similar 
and the practice of pelletising is growing throughout tbe world, but in the flat 
product sector in Brazil it docs not appear to offer significant advantages.   The 
possibility of a large central pelletising plant serving the three works could be 
considered, but is likely to be proved uneconomic.    In the first place, the 
economies of scale would be small since the plant would have to consist of 
several pelletising lines.   Secondly, there would be an increase in transport 
costs and some administrative disadvantage.    One advantage, however, would 
be the ability to plan a long-term expansion programme together with the 
minimum under-utilisation.    The possibility of supplying the flat product 
sector from a pelletising plant also serving the export market may be worth 
detailed consideration. 

A further possibility which should be studied is that a large pelletising 
plant could be installed at either Usiminas or Cosipa.     It should have sufficient 
capacity to satisfy the demand for agglomerated burden at both Usiminas and 
Cosipa.   Let us suppose, for example, that it were to be installed at Usiminas. 
By 1980 it would be sending some 1 million tonnes per year of pellets to Cosipa 
to satisfy the deficit there.    In due course, it would no longer be able to meet 
the growing demand at both works.    Then a new plant would be built at Cosipa - 
either sintering or pelletising - and the pellet plant at Usiminas would revert to 
supplying only that works.    The merit of the scheme would have to be determined 
in the light of transport costs. 

It is apparent from Table 35.3 that by 1980 cokemaking capacity in excess of 
authorised plans will be required only at Usiminas.    With coke oven batteries 
being capable of producing, by the end of the decade, up to 1.6 million tonnes 
per year of coke, the required quantity of 0.7 million tonnes per year would 
represent a rather small unit, with limited economies of scale.   It would 
probably be advisable to install a larger plant and heavily under-utilise it for 
a period.    This could be justified in the longer term,  since beyond 1980 extra 
quantities of cokemaking capacity will be needed. 

35.3 The needs of the non-flat product sector 

In contrast to the flat product sector, the non-flat sector will have a 
substantial shortfall in capacity by 1980.    The total requirement for liquid steel 
is 7.4 million tonnes (Article 34.4) while the forecast capacity of the sector is only 
about 3.7 million tonnes; a further 0.57 million tonnes is assumed to be available 

I 

*fti 
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at CSN for the production of blooms for the non-flat sector.    In the interest of 
long-term rationalisation this capacity at CSN must be expected to be transferred 
eventually to the production of flat products. 

There is thus a need to provide between 3.1 and 3.7 million tonnes of 
additional steelniaking capacity in the sector and, as has been discussed in 
Article 35.1, the supply of scrap is likely to dictate that the bulk of this capacity 
is provided by hot metal steelniaking processes. 

None of the existing works in this sector are suitable for an expansion 
of tills magnitude, so it will be necessary to build completely new works. 
Economies of scale favour large units of blast furnace and oxygen steelniaking 
plant, so there would be some advantage if the shortfall in hot metal steelniaking 
capacity could be made good in a single installation integrated with a bloom and 
billet casting plant, as discussed in Chapter 34, Article 34. 2. On the other hand, 
at some small sacrifice to economy in steelmaking, an installation of two to two - 
and-<ihalf million  tonnes per year could supply blooms and billets, while the 
remaining shortfall could be produced in a one million tonne per year plant for 
continuously casting billets, taking advantage of the lower cost of distribution 
to users by locating the plant at the centre of demand. 

Figure 35.1 illustrates the geographical distribution of demand for non-flat 
products;  from this it is clear that Sao Paulo is the most likely location for a 
large works, but that Sao Paulo, Belo Horizonte and perhaps Rio de Janeiro are 
all possible sites for a smaller billet producing works. 

In addition to the hot metal steelmaking capacity required there will also be 
a requirement for some additional cold-metal steelmaking capacity.    The 
exact amount which can be provided will depend upon the supply of scrap or scrap 
substitutes, and the demands of the special steels sector. 

35.4  The needs of the special steels sector 

The estimated demand for capacity for making special steels is given - 
detailed by sector and quality - in Table 35.4;  the forecast capacity of the existing 
industry is also shown.    The demand for increased capacity in the flat product 
sector calls for an eight-fold expansion of present facilities.    However, much of the 
steel classified as 'special' consists of low silicon, high carbon or low alloy types 
which can be produced in oxygen converters.    The tonnages which are required, 
of these more commonly used steels, may justify their production in one of the 
large flat product sector works. 

The non-flat special steels sector is better equipped to respond to future 
market demands.    The demand in 1980 is estimated to be only a little more than 
double the capacity already available; however, most of this capacity is only 
capable of producing the non-common and simpler special steels.    A fourfold 
expansion of capacity for high alloy steels is required by 1980. 
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TABLE 35.4 - SPECIAL STEELS CAPACITY REQUIRED AND 

AVAILABLE IN 1980 
(tonnes of liquid steel) 

Sector 

Flat product 

Non-flat products 

Capacity required 

350,000 

1,350,000 
(39,000)* 

Forecast capacity 
available 

42,000 

610,000 
(11,000)* 

•Figures in brackets are the tonnages (included in 
the total) for high alloy steels. 

As in the flat product special steels sector, a large proportion  of the tonnage 
of steel defined as 'special' is in the non common category and can be made by 
bulk steelmaking methods, provided quality control is adequate. 

The bulk of present special steel products are produced in 14 of the works 
included in this study;  much of this capacity - estimated to be 0.5 million 
tonnes per year in 1980 - is devoted to the production of non-common, low alloy 
steel.    A possible solution to the needs of the sector would be to up-grade 
and expand these works to handle the higher and more sophisticated grades of 
special steel, leaving the simpler, non-common, types to the new large billet 
works suggested in the previous article. 

The expansion of special steel manufacture cannot be planned in detail without 
an accurate market assessment of the growing demand for each of the two main 
groups of steel defined as electric arc or induction melted steels.    These groups 
need further sub-division into what has to be ingot cast and what may be continuously 
cast,  and still further into that requiring additional refining equipment, such as 
vacuum degassing.    With such a process requirement pattern, it is then possible 
to allocate production to existing works in order to All up their facilities and then, 
by difference, to determine the shortfall in facilities. 

In determining the future location for manufacture of high alloy steels, it 
should be borne in mind that many such steels are often made in small quantities, 
particularly when destined for non-flat products.    This allows a certain 
flexibility of location because the cost of transporting either scrap or finished 
product is relatively insignificant, due to the high intrinsic value of the product. 
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35. 5 Technological trends in iron and steelmaking with significant Implications 
for planning in ilio Brazilian iron and steel industry 

In the context of the needs of the three products sectors discussed in the 
preceding three articles we can now draw attention to the advances in 
technology wlüch are relevant to these needs.    More extensive discussion of 
these topics will be found in the chapters on technological trends to which 
references are given. 

The flat product sector is already fully committed to hot metal steelmaking 
using oxygen blown converters, and is thus in line with modern world trends. 
The units of plant being installed in the current expansion programme are large 
enough to justify developing each of the three existing works fully, before planning 
the construction of a fourth works.    In this sector, therefore, the most 
significant developments to lie studied are those relating to operating practice and 
plant modification. 

In the non-flat and special steels sectors, on the other hand,  the magnitude 
of the shortfall in capacity is such that new works will have to be built;  this 
provides an opportunity to introduce the latest technological developments in 
process and plant into the Brazilian iron and steel industry. 

A 

Trends in BOF steelma_king_(Chapter _1_2_,_Article12,,2) 

3 

The most noteworthy developments are: the reduction in tap-to-tap time; 
the practice of varying a standard specification steel by additions of alloying 
elements in the ladle; the more effective control of fume emission; and the 
trend towards a three-operating-out-of-four furnace configuration. 

Probably the most important index of performance in BOF steelmaking is 
the average tap-to-tap time consistently maintained over a long period.    Current 
cycle times in BOF's operating in Brazil vary from 80 minutes to 35 minutes. 
The slowest times result from delays due, for example, to hot metal shortage 
or scrap pre-heating.    The fastest times are satisfactory when compared with 
current good practice in industrialised countries.    By 1980 Brazil should expect 
to achieve times around 30 minutes for smaller furnaces, perhaps a little more 
for furnaces of over 100 tonnes capacity.     Provided this time is maintained 
over long periods, this will enable a two 100-tonne furnace shop to produce 
a little over 3 million tonnes per year.     For this, it is important that availability 
matches world practice; calculations have been based on 8, 000 hours per year, 
which represents over 90 percent availability.    Current availability is less than 
this, so some improvement will be necessary here.    As indicated in Article 35.1 
the relatively low scrap content of the charge (20 percent) which has been 
assumed may give rise to some difficulty in cooling.    In these circumstances 
it will be necessary to increase the scrap content of the charge, or provide 
alternative coolants, if the desired tap-to-tap time is to be achieved.    It is 
important, from a national point of view, to reach agreement quickly on an 
overall policy with regard to scrap content in the BOF charge,  since it could 
influence the balance between hot and cold steelmaking capacity to be installed 
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in new works.    Furthermore, a decision to use more scrap would lead,in the 
light of an anticipated shortage of scrap, to an appraisal of the merits of 
increasing sponge iron production   as against importing scrap. 

The steel yield obtained in good BOF practice is around 91 percent of the 
iron-bearing charge materials.    Current Brazilian performance appears to 
be slightly lower than this.    With new plant the aim should be to achieve ldgher 

yields. 

With a BOF shop operating two furnaces out of three, lining time is not 
critical and so very long campaign lives are not essential, but for smooth 
operation of the shop, campaign lives in excess of the present values in Brazil 
of around 400 heats should be sought.    As was stated in Chapter 4, this poor 
value can be attributed to the unsatisfactory quality of the lining bricks; 
improvements in quality should enable the industry to reach the values of up to 
1200 heats which are expected in good practice.    When these long lining lives 
are achieved consistently,consideration could be given to increasing BOF shop 
capacities by the addition of a fourth furnace, where space permits. 

At present the limitations on the designs of BOF steel plants and continuous 
billet casting installations, but chiefly the latter, make it impracticable to attempt 
billet casting with steel ladles of more than 100 tonnes capacity.     This in turn 
limits the steelmaking furnaces to 100 tonnes capacity.    The difficulties of 
operation of BOF shops with three vessels operating make it advisable to plan 
for the present, to work two furnaces out of three leaving space for the addition 
of a fourth furnace later.    Thus, the maximum practicable size of a blast furnace 
- BOF - 100 x 100mm billet casting works should be taken as around 3 million 
tonnes per year.    Improved design of steelmaking and casting shops may, within 
a few years, allow plans to be safely laid for a billet casting works of half as much 
again, that is about 4. 5 million tonnes per year, but we do not recommend this 
at present.    Proven technological and economic success of billet machines with 
eight or more strands, or of long-term sequence casting, or of BOF shops with 
three operating furnaces, would immediately allow the figure of 3 million tonnes 
to be increased.    A higher billet output is also, of course, possible with billets 
of larger cross-section. 

If a works is built producing rolled billets from continuously cast blooms, 
then the restriction on ladle size is no longer applicable and a single works 
could for example, easily fill the whole additional requirement in the non-flat 
sector in 1980, and for some years beyond. 

BOF steelmaking evolves large quantities of fine iron oxide fume and dust. 
Thus, in populated areas it will be necessary to instai, pollution control equipment. 
Concern with the quality of the environment in Brazil is certain to become a matter 
of increasing public interest.    In addition to meeting the needs of public opinions, 
pollution control processes such as the OG and IRSID systems also improve overall 
process yields. (Chapter 23, Article 23.3). 
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OBM Stcelmaking (Chapter 12,_Article_ 12^3) 

The promoters of this process, and the similar bottom-blown oxygen processes, 
state that they have two main advantages over the DOF process: the ability to 
accept a higher proportion of scrap in the charge, and a reduction in oxide fumes. 

In the light of the scrap situation in Brazil, the first is not likely to be 
of general significance.    The lower fume emission has to be considered against 
the costs of fume control on existing 130F furnaces. 

However, as noted in Chapter 12, cost advantages have been claimed for OBM, 
and these should be examined in the light of Brazilian conditions.    Detailed study 
might show, for example, that regional variations in scrap availability favour the 
use of OBM in areas such as Sao Paulo, Belo Horizonte or Rio de Janeiro.    This 
would have the added benefit of assisting the control of polution in an existing 
industrialised area. 

Trends in electric arc steelmaking (Chanter 13) 

Additional electric arc capacity will be justified in Brazil in the future. 
The installation of capacity up to a maximum of around 1.5 million tonnes per year 
by 1980 can be considered, but in practice, the scrap availability will probably 
limit the capacity to closer to half a million t onnes. 

Since the economies of scale of scrap-based electric arc shops are largely 
exhausted by about 1 million tonnes per year, it is unlikely that Brazil would wish 
to consider installing a scrap-based works of more than that capacity - even if 
total scrap a risings were sufficient.    The economy of scale obtained between 0.5 
and 1 million tonnes per year, however, is more than $2 per tonne, so that a works 
of 1 million tonnes per year may be seriously considered when sufficient scrap 
is available. 

In order adequately to feed a continuous billet casting plant, an electric arc 
shop should consist of two or more furnaces.    Otherwise steel supply to the 
casting shop will be intermittent and will result in under utilisation of the billet 
casters . This then places a restriction on the maximum size of furnaces. 
Assuming modern arc furnace practice, then 1 million tonnes per year of liquid 
steel can lie produced by three furnaces, each of a little over 100 tonnes capacity. 
At 0.5 million tonnes per year the furnaces would be about half this size. 

Shorter tap-to-tap times have now become possible by the use of transformers 
allowing high power inputs.    Some medium and large installations now use ultra 
high power inputs of over 250 kVa per tonne and with small furnaces powei inputs 
range up to 5kVa per tonne. New electric arc furnaces in Brazil should be 
planned within tliis range, and the ease with which existing furnaces can be 
converted makes it worthwhile to consider converting them.    A further advantage 
of high power input resulting in short tap-to-tap times is that it allows a frequent 
supply of metal to the continuous casters without the need for four or five furnaces 
which would be necessary with the tap-to-tap times of low power practice. 
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A factor to be taken into account at an early stage in consideration of electric 
arc steelmaking is the total electricity requirement in relation to supplies in the 
area.    A 1 million tonnes per year works would have a maximum demand of alx>ut 
80 MW or the equivalent of a large power station.    Even if area generating 
capacity is greatly in excess of this, the effect of such a large steelworks on 
the supply network would be pronounced. 

The problems of providing adequate electricity supply and of meeting 
maximum demand can be eased by the use of charge pre-heating or of double 
furnace refining (SKF-MR process).   The use of liquified petroleum gas for pre-heating 
in the first of the twin furnaces, combined with the short cycle time (2 - 2¿hours) 
allows electricity consumption to be reduced by over 200 kWh/tonne. 

In order to achieve high productivity and low cost in scrap-based electric 
arc practice, it is of the greatest importance for the Brazilian steel industry to 
ensure that scrap is correctly sorted and prepared. 

Trends in special stceljma];Jng_(C]hjuijLer_21^ 

Although the bulk of special steels are made in electric arc furnaces, 
since this is the most economic method for most of the types and tonnages 
required, a number of special quality grades, together with a large proportion 
of non-common steels, are frequently produced hi large integrated works. 

Many non-common steels have sufficient alloying elements present to make 
them borderline between non-common steel and special steel in any simple 
classification.     Such facts must be clearly established before capacity planning 
can proceed.    These steels include, in particular, the high silicon electrical 
steels, the silico-manganese spring steels and the low alloy special purpose 
structural steels, which for many years were invariably produced in open hearth 
furnaces and have more recently teen produced in BOF plants, as the ability to 
control the much faster BOF process has improved with improved technology. 
This improvement in control of the process has led to investigations into the 
production of some of the more sophisticated steels, including some of the 
stainless grades, in the oxygen converters.    Although there is no doubt about 
the ability to produce many of the non-common grades using oxygen processes, 
it is doubtful whether oxygen processes using a large percentage of liquid iron 
can compete in the production of the stainless grades with standard electric arc 
practice.    The basic reasons for this are the cost of the charge and the yield, 
in particular the chromium yield.    The electric arc process, which has been 
considerably speeded up by the use of increased power, can be manipulated to 
give the highest possible chromium yield and full advantage can be taken of its 
ability to utilise chrome ore in the charge.    This together with high alloy and 
common scrap utilisation, and possibly nickel oxide in the charge, enables a 
minimum cost charge to be used which cannot be Improved by a blown process. 

Trends in blast furnace ironmaking (Chapter jl0)_ 

The largest planned blast furnace in Brazil will have an annual output 
of 2.8 million tonnes per year, or a little under 8,000 tonnes per day, which 
is comparable with the largest blast furnaces in the world, situated in Japan. 
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By 1980 we expect, as discussed in Chapter 10, to see furnaces in operation 
with outputs of up to twice tills value.    Thus, while by 1980 an 8, 000 tonnes 
per day furnace will probably still be considered very large, it will be well 
within the technological competence of world experience, and there should be 
no difficulty in fully exploiting its potential. 

The output of existing Brazilian blast furnaces is extremely low by comparison 
with modem installations in, for example, Japan and the USA.    By present 
day standards a Blast Furnace Output Index (BOI) of 100 is considered good 
practice. *   By 1980 this figure will probably have risen to between 120 and 130. 
Current Japanese best performance is about 170, a figure which is regarded as 
approaching the maximum attainable.    It is clear that the Brazilian average BOI 
of around 50 could be very greatly improved upon and if high output furnaces are 
to lie built must, indeed, be greatly improved. 

The important changes in design and operation which could be effected in 
the new furnaces are: 

Burdening practice: (Chapter 10, Article 10.6) 

Efficiency of furnace operation is closely related to the particle size 
distribution of the burden materials.    The trend is towards the use of 
smaller and more uniform sizes of lump ore and sinter.    The friable 
nature of the Brazilian ore means that it will be worthwhile, particularly 
on new high-performance blast furnaces, to charge 100 percent of the iron 
ore in a prepared form, either sinter or pellets. 

The choice between sinter and pellets is not always an easy one to make, 
and the practice of pelletising has been growing fast throughout the world. 
In terms of blast furnace operation there is really very little to choose between 
pellets and well-sized sinter.    The capital cost of pelletising is slightly 
higher than that of sintering, while the conversion cost of sintering, when the 
coke breeze is taken into account, is higher than that of pelletising.     Much 
depends on the form of the iron ore feed.  If it is fine enough to need little 
grinding then pelletising will be the best choice.    Grinding, however, is a 
costly operation and should be avoided if possible.    On balance, it is likely 
that most of the ore will be sintered.    This permits the possibility of adding 
fluxing materials to avoid the need for charging limestone to the blast furnace. 

Together with 100 percent prepared burdening practice should be the use 
of optimum particle size of burden materials and the practice of rescreening 
prior to charging.    The best performance can only be obtained after 
metallurgical tests to determine the most suitable particle size for the 
Brazilian materials.    Modern practice involves removing all minus 10mm 

particles from the furnace charge.    The optimum coke size, also, 
cannot be determined without tests.    It is possible that the coke 
while conforming to the same lower size limit may be able to have an upper 

See Appendix 1 
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size limit appreciably above the 25 mm typical of iron ore material in 

good practice. 

Coke rate: (Chapter 10, Article 10.3) 

The coke rates, as discussed in Chapter 10, is dependent on many 
factors.    The coke rate which has teen assumed in calculations in this 
chapter is 420 kg per tonne of hot metal, to which must be added the 
coke equivalent of the injected oü.    The corrected fuel rate in Brazil 
is currently very much higher than this.     The shortage of coking coal 
in Brazil, however, will be a very strong incentive to improve practice 
by 1980 to the level of current world best performance. 

Oil injection: (Chapter 10, Article 10.4) 

Some existing Brazilian blast furnaces utilise oil injection, but it should 
be standard practice on all new furnaces.    Indeed, such are the advantages of 
oil injection that it would be advisable to undertake   development projects 
on most of the existing blast furnaces with a view to introducing oil injection 
on them.    With Brazilian coke costing over $40/tonne and oil at only about 
half that value, a furnace could certainly afford to use oil injection, even 
if oil replaces less than its own weight of coke.    Typical on injection in 1980 
wül be 50 - 75 kg per tonne;  the case for oil injection in Brazil is very strong 
and higher values than this may be warrantee! as long as furnace productivity is 
not reduced.    Recent research has shown that by the use of steam, to atomise 
the injected oil at the tuyere, very high oil injection rates can be achieved 
without producing tuyere zone cooling.     This development should be of 

interest in Brazil. 

Gas injection: (Chapter 10, Article 10.4) 

Iniection of gas into tuyeres is not as common as that of oil, although 
it is widely practiced in some parts of the world.    Natural gas does not seem 
to be available in Brazil for this purpose but transported liquified natural gas 
or liquified petroleum gas could, of course, be used.    One tonne of coke 
could be replaced by between 800 and 900 kilogrammes of LNG.     This means 
that, under Brazilian conditions, LNG would have to be obtained at the works 
for between $45 and $50 per tonne for its use to warrant consideration; 

this is unlikely to be possible. 

Coke oven gas can also be used as a coke replacement but its availability 
depends on the demand from other sources and it is unlikely to warrant 
consideration except where a continuing surplus exists. 

Trials have been undertaken on the injection of reformed gases into the 
bosh to increase the reducing potential of the slack gas.    This results in an 
Increase in the calorific value of the top gas but will also increase the value 
of the gas credits.    This procedure involves the installation of a gas 
reforming plant, which costs more than the plant to inject oil or gas into the 
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tuyeres, but some operators have claimed that the practice successfully 
reduces coke consumption.    This is an area where developments could be 
worth monitoring. 

Blast temperature: (Chapter 10, Article 10.5) 

Blast temperatures on Brazilian furnaces are, in general, low.    Existing 
furnaces could have their blast temperatures increased to 1050 C but this 
will still be well below current practice on modern furnaces, which is around 
1150°C.     By 1980, advanced practice will have increased to 1200 C - 1250 C. 
High blast temperatures can only be achieved on stoves specially built to produce 
them;  this seriously limits the extent to which existing plant can be improved. 

The coke rate falls uy around 10 kg per tonne for each 100°C increase in 
blast temperature.    In addition to its use as a coke saver, high blast tempera- 
ture can be used to compensate for tuyere -zone heat loss on fuel injection. 

Some interest has also been shown in the use of cold blast enriched with 
oxygen to produce the necessary tuyere-zone temperature.     This has the 
advantage of considerably reducing the cost of the installation, since hot blast 
stoves form a substantial proportion of the total cost.    The increase in the coke 
rate is offset by oil injection.    The further redevelopment of this practice 
should be monitored for its possible application in Brazil in the future. 

High top pressure : (Chapter 10. Article 10.5) 

The use of high top pressure has only a small beneficial effect on coke 
rate and so from this point of view will not be of interest to Brazil.    It does, 
however, produce an improvement in productivity of around 1 percent for each 
0.1 atmosphere.     It is now generally accepted that all blast furnaces can 
economically justify some increase in top pressure above atmospheric as long 
as demand justifies the extra output.    Pressures between 0.5 and 1.0 atmosphere 
can usually be achieved by modification of existing furnaces.     Further increases 
must be built in at the design stage.    The very high output blast furnaces operate 
at a top pressure of around 2 atmospheres, and the new furnaces to be operating 
in Brazil at the end of the decade should be designed to be; able to approach this 
figure. 

Use of partially reduced iron ore as a blast furnace feed:(Chapter 10, Article 10.7) 

This subject is discussed in detail in Chapter 10.    The advantages of the 
practice are clear; productivity is increased and coke rate decreased.    The 
disadvantage is equally clear;   to secure an economic advantage the cost of 
pre-reducing the pellets must be around $6 - 12.   At present the cost of 

pre-reduction is considerably in excess of this and we do not expect it to fall 
to a level wliich will warrant serious consideration of pre-reduced pellets 
on a long term basis.    The only occasion on wliich pre-reduced burdens 
can be seriously contemplated is when a small increase in blast furnace 
output is required to maintain balance in a works and delay the building of 
a new furnace.    It should be possible to draw up the expansion plan for the 
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Brazilian industry without needing to utilise pre-reduced material in the 
blast furnace. 

Trends in sintering and pelletising (Chapter 7) 

The various types of sintering plant have been discussed in Chapter 7, 
Article 7. 2., and the continuous travelling grate would certainly be the preferred 
choice.    The performance of the best of the two Brazilian continuous sintering 
plants was noted in Chapter 3, and exceeds average good world practices. 

When coke rates in ironmaking arc reduced and the whole of the burden 
sintered, the necessary amounts of breeze will not be available without crushing 
lump coke;   for every tonne of coke charged to the blast furnace about 200 
kilogrammes of breeze are required.   With good cokemaking practice and good 
quality coal, breeze production would not: be anywhere near this level.    Several 
alternatives present themselves.     First, good lump coke could be crushed. 
Second, the deficiency could be made up with charcoal.     (While this is technologically 
feasible it is not very practicable.   In any case, charcoal is not as satisfactory as 
coke breeze in sintering, and this fact may be reflected in productivity or sinter 
quality).    A third alternative involves making up as much of the deficit as possible 
with gaseous fuels which can be used to preheat the air, thus reducing the solid 
fuel requirement. 

Pellet plants do not exhibit economies of scale in the way that sinter plants 
do, because the largest single units are not much above 2 million tonnes per year. 
The costs of pelletising only fall by about 25 percent between 10 million tonnes 
per year and 1 million tonnes per year.    There is thus no loss in having to 
build several small plants.    The only satisfactory way of making cold bonded 
pellets has been to mix the fines with around 10 percent of Portland cement and 
leave the soft pellets for about 5 weeks to reach full strength.    Even then they 
do not travel as well as fired pellets.    Such pellets would behave badly in the 
blast furnace due to the high cement content. 

There is then, in Brazil, no alternative to firing as a means of producing 
oxide pellets.    There are several commcrically proven methods of pelletising. 
All have similar costs.    The grate kiln cooler machine appears to produce the 
most consistent product. 

Pellets, being capable of replacing sinter in any quantity and of being 
transported, offer a good solution to the problem of maintaining a balanced 
burden preparation facility during steady growth of iron and steelmaking.    With 
the rapid expansion of works in both the flat and non-flat product sectors, there 
appears to be, in Brazil, a possibility of using one or more pellet plants to 
provide marginal extra burden preparation capacity to various works, to carry 
them through the periods when extra sintering plant, if installed, would be 
heavily under-utilised,    A number of commercial complications may attend 
such an arrangement, not least of which is the fact that works do not like to have 
burden preparation outside their control, but there could be definite advantages. 

The current trend is to add as much of the fluxing as possible in the burden 
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preparation plant .   In tills way the flux is fired prior to charging to the blast 
furnace and the thermal load and coke rate in the blast furnace is reduced. 
Less success has been achieved in the fluxing of pellets than of sinter because 
it has not yet proved possible to achieve adequate pellet strength when substantial 
amounts of flux are present.     Research on this subject is in progress and the 
developments should be followed. 

It is common practice to include substantial quantities of limestone in the 
sinter mix.    But inability to obtain full control of the recirculating percentage 
on the strand and of the basicity in the furnace has in the past made it impossible 
to predict exactly how much limestone should be added to the sinter strand to 
flux the sinter.    Developments in sinter practice have made it possible in 
certain instances to obtain a very strong superfluxed sinter.    Tins possibility 
should be examined by the Brazilian steel industry as it may prove to be applicable 
on modem plant in Brazil.    It is likely, however, to remain normal practice to 
retain, at the blast furnace, some control over slag basicity.   Thus a small portion 
of the flux will in almost all cases continue to be charged direct to the blast furnace. 

Trends in conventional cokemaking (Chapter 8) 

Several important developments in conventional cokemaking practice have 
been discussed in Chapter 8.   Some of these developments allow the cost of the 
coal feed to be reduced;  some reduce the cost of converting the coal to coke 
and some merely increase the output of ovens without exerting much overall 
effect on costs.    All are worthy of consideration in Brazil. 

Selective crushing of the coal charge ensures more uniform distribution of 
the various constituents of the coal and can be used to produce a stronger coke. 
Of interest in Brazil should be the fact that it can also allow the coal blend to 
include a larger proportion of weakly coking or non-coking coal while maintaining 
the same coke strength.    It is claimed that in some circumstances a blend 
containing only 45 percent coking coal can produce a coke of satisfactory strength. 
The cost of preparing the coal charge by selective crushing is estimated to be 
about $1 per tonne of coke produced.    This cost is so small that it can be 
recovered by the inclusion in the blend of fairly small quantities of cheaper non- 
coking coals. 

Improvements in other areas show less dramatic advantages although the 
practice of drying and preheating coal blends, prior to charging, allows such 
large increases in oven throughput that its cost can be much more than covered 
by the saving in capital charge per tonne on the ovens.   Claims have been made 
that preheating can produce an overall saving in coke costs of up to $1.5 per tonne. 

The increasing dimensions of modern ovens has resulted in increased output 
from single ovens.    In this respect, the planned new ovens in Brazil appear to 
conform to the current trend.    Modern plants now provide for carbonisation at 
up to 35 mm per hour compared to the traditional rates of about 25 mm per hour. 
These developments require high grade refractories, a subject which requires 
careful examination in Brazil. 

On the basis that at present the largest size of works designed to produce 
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100 percent billets will produce around 3 million tonnes per year of liquid steel, 
about 1.2 million tonnes per year of coke will be required for ironmaking. 
Additional coke in the form of breeze would have to be charged to the sinter 
plant.   The quantity of breeze would depend on the fuel practice adopted at the 
sinter plant but could be up to 0.3 mill i on tonnes per year.    If the coke and all 
the breeze are provided from the same coke oven plant, then it would need to 
produce 1. 5 million tonnes per year of coke and breeze.    In Chapter 8 it was 
pointed out that by the end of the decade the most advanced single coke oven 
battery should be capable of producing about 1.6 million tonnes per year of coke. 
Thus, the form of conventional cokemaking plant in a large billet works seems 
clear.    It would consist   of two coke oven batteries, the second being built onto 
the end of the first, when demand warrants it. 

Trends in the development of formed coke production (Chapter 9) 

Formed coke as an alternative to conventional oven coke should be of very 
great interest to Brazil, since it offers the opportunity to use cheaper non-coking 
coal in place of the costly imported metallurgical coking coal.    The physical 
properties of formed coke have been shown to be comparable to those of oven 
coke. 

A number of processes have been developed and of these there are three 
which are receiving serious consideration and which will undoubtedly be developed 
further during the next few years.    They are: 

(a) Bergbau - Forschung (BBF) process 
(b) FMC process 
(c) Sapozhnikov process 

Each of these processes is discussed in Chapter 9. 

Commercial production of formed coke will gain ground most rapidly in 
those countries where two circumstances favourable to formed coke exist. 
First, these countries will lack suitable coking coals but may be able to obtain 
cheaper non-coking coals of acceptable analysis.    Secondly, they will exhibit 
an above average long-term rate of growth of iron and steel production, with 
a consequent demand for substantial new cokemaking facilities.    Brazil is such 
a country and should begin at once to develop a study programme which will 
enable it, in a few years time, to make confident decisions regarding the 
applicability of formed coke to its own steel industry. 

Since those countries which are at present operating formed coke plants are 
likely to continue tr maintain secrecy about details of costs and results, there is 
no substitute fr,. Brazil setting up one, or more, small formed coke plants based 
on processes referred to in tills section. 

Certain other possible advantages of formed coke should be taken into account. 
Its regular shape and size may make it possible to transport formed coke between 
works.    This could greatly assist in maintaining a reasonably balanced overall 
cokemaking capacity as ironmaking demand grows.    A further possibility is 
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that formed coke breeze could be used in the sinter plant.    As we have seen, 
with low coke rates and 100 percent of iron ore being charged as sinter, the 
total quantity of coke breeze used in sintering approaches a quarter of the coke 
used in the blast furnace.   Formed coke breeze or perhaps carbonised but 
unbriquetted material should be suitable for sinter plant application; this is an 
area where strength is unimportant and reactivity a little less important than 
in the blast furnace. 

Trends in direct reduction ironmaking (Chapter 11) 

The high cost of metallurgical quality coal, and a possible shortage of scrap 
are reasons for giving careful consideration to the production of sponge iron. 

The HyL and SL/RN plants at present being built in Brazil will provide useful 
data on the value of these processes under Brazilian conditions. SL/RN plants have 
yet to prove themselves in operation, but the HyL process is by now well-established 
and commissioning the plant in Brazil should present no particular problems. 

The Brazilian steel industry will remain sensitive to the price of imported 
coking coal.   Even with the very low coke rates envisaged later in tins decade, 
the blast furnace route will svili require around 580 kilogrammes of imported 
coal per tonne of liquid steel.    On this basis, if the price of imported coal 
increased from $29, its present level, to $39 then the cost of liquid steel will 
increase by $6.   Such a change would make the naphtha-based HyL process 
route to steel, via electric arc furnace, mucli more competitive if the price of 
naphtha remains steady.    It is probably also true, however, that such a change 
would lead more rapidly to the adoption of 'formed' cokemaking from cheaper coals. 

There is no reason to suppose tk.i k-nungt-ü in technology or demand will lead 
to an important change in the price of naphtha.    Nor is it lively that, by 1980, 
gasification of other fuels such as oil or coal could produce a reducing gas 
appreciably cheaper than the current Brazilian naphtha price.    The widespread 
availability of natural gas for ironmaking could markedly reduce the costs of the 
HyLprocess route.    This remains an open question, but the availability of natural 
gas at 3. 5 cents per therm could reduce the cost of liquid st-jel by $6 per tonne; 
at 2.5 cents per therm the cost of liquid steel could be reduced by around $8.5 
per tonne. 

On the other hand, under conditions of scrap short.-.ge, even more modest 
decreases in the cost of sponge iron produced by the H/L process could be 
enough to justify the use of sponge iron as a temporary supplement to the 
feedstock for electric arc steelmaking processes. 

> 
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CHAPTER 36 - IMPLICATIONS FOR STRATEGIC PLANNING 

IN THE STEEL INDUSTRY IN BRAZIL 

In the previous two chapters we have discussed the Implication for Brazil 
of world technological developments in the shaping and treating of steel, and 
In Iron and steelmaking.    As a result, it has been possible to indicate likely 
technological strategies for the development of the Brazilian steel industry. 

To prepare a complete strategic plan for the industry, however, wider 
issues have to be considered as well as the technological options.    In this 
chapter we shall indicate those topics which require further studies in depth, 
before a definitive strategic plan for the whole industry can be drawn up. 

As in the previous chapters we have considered the flat, non-flat and 
special steel product sectors in turn. 

36.1 Structure of the flat product sector 

It is almost always cheaper, in capital cost, to expand or modify existing 
plants than to build new ones.    We do not see a need to build a new flat 
products plant before 1980.    The shortfall can be met by expansion at the 
existing plants. 

The salient features of the flat product sector which stand out from previous 
chapters, and which need careful consideration, are these: 

(I)   That there is an estimated shortfall, in 1980, of 900,000 tonnes of hot- 
rolled strip.     This may reasonably be expected to increase, perhaps 
rapidly, In the early years of the following decade. 

(ii)   The next hot strip mill to be Installed in Brazil should be a fully continuous 
mill If advantage Is to be taken of the technological trends described in 
Chapter 17.    Such a mill will have an output of at least 3 million tonnes 
per year, and could be designed for much higher outputs.    The location 
of this mill will be an important matter for study.    It will be equally 
Important to consider the future of the existing hot mill at CSN which, 
by 1980, will be 34 years old and perhaps due for retirement. 

(Ill)   There is an estimated shortfall, by 1980, in tlnplate and cold-rolled 
sheet production, both of which use hot-rolled strip as a feedstock. 
Prima facie, it appears that an additional tinplate plant will be 
required and that one of the existing sheet plants may require expansion. 

395 
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The foregoing embrace   a number of technological and logistic problems 
which require specialist studies that go well iicyond the boundaries of this 
report.   We are aware that some thought has already been given to the next 
flat products expansion programme, but we recommend that a formal study 
should be put in hand at an early date.   For example, to te fully effective by 
1980, a   hot strip mill would have to be ordered by early 1977, at the latest. 
The studies, pre-contract engineering and mobilisation of finance could take 
three years, so thy study should begin not later than 1974. 

The difference between the estimated shortfall of hot strip capacity in 
1980, and the capacity of u new mill is considerable.   This serves to 
demonstrate that expansion of one process unit in the total sequence of 
processes in the production of sheets or tinplatc, starting from iron ore, 
usually results in a situation of imbalance.   Furthermore, the development 
of demand is a continuous process which does not stop short at a particular 
point in time, such as 1980.   Thus, it is necessary to look even further ahead 
in formulating investment policy and decisions. 

For these reasons, it is important for the planning of strip production 
to consider this sector of the industry   as a whole.   This should have been 
facilitated by the recent decision to bring together the three main flat product 
companies under a e-ingle state-owned holding company.   Although it is 
attractive in theory to have, on one site, a production unit which is in balance 
throughout its entire sequence of processes, this seldom happens in practice. 
There is   scope for the transfer of semi-finished material, such as slabs and 
hot-rolled coils between different plants.   This method of correcting imbalances 
at individual   plants should be exploited to the fullest practical and economic 
extent. 

By the time the now hot and cold mills conif. t<  be ordered there may 
well be further technological advances.     Wo strongly reçnjnnend, therefore, 
that the most up-to-date engineering thinking should be embodied at that time. 
The establishment and maintenance of first class quality is of paramount importance 
in the field of wide strip production.    It is vital that Brazil should be internationally 
competitive in this regard and also that the yield of top quality products should be 
high.    This will require equipment of the necessary high standard. 

36.2 Structure of the non-flat product sector 

In the non-flat sector, the need for the construction of steelmaking 
facilities on a greenfield site removes the planning complication normally 
associated with the expansion of heritage plant.    In considering the future 
structure of this sector, we have taken account in this article of such questions 
as the processes to be employed, the unit sizes of plant to be installed, the 
location of plant and the timing of decisions. 

It will be clear, from the previous chapter, that we envisage the additional 
steelmaking capacity being divided between blast furnace - oxygen steelmaking 
and scrap-based electric arc furnaces, In the period up to 1980. 
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The ability to transport semi-finished products in the non-flat sector 
conveniently, makes it possible to undertake the planning of additional capacity 
for semi-finished products quite separately from the planning of the additional 
finished product rolling facilities.    The key issue, therefore, is the choice 
between hot metal and scrap-based routes for steclniaking.    This choice may 
well be to some extent restricted by the availability of scrap. 

The collection of scrap in an organised and properly classified fashion will 
place a heavy load on the scrap merchants.    If the scrap industry fails to 
respond to the challenge the reclamation of scrap will fall behind and the 
availability will certainly not be as shown in Table 35.1. It is worth remembering 
that if the scrap price falls due to a balancing of supply and demand, then there 
will be less incentive to collect certain kinds of scrap.   If the steelworks yield 
reaches the maximum value given then it is absolutely essential that all the 
available process and capital scrap is promptly collected, classified and 
transported.   Failure to collect 10 percent of the available process and capital 
scrap could result in a scrap shortage under such circumstances.   Where the 
average yield of finished products from, liquid steel is 80 percent, the position 
is less acute.   All calculations have been based on the assumption that Brazil 
will not wish to import scrap.   If scrap were imported, then quite apart from 
the balance of payments problem, Brazil would have limited control over scrap 
prices.   Should it be considered advantageous to import scrap at some time in the 
future, however, then additional scrap could easily be consumed in the BOF 
plants. 

It is clearly essential to undertake immediately a detailed study of the 
demand and supply situation for scrap in Brazil.   The study should include 
thorough examination of the organisation of the scrap industry and its capability 
to collect, classify and transport scrap to steelworks, remembering the 
possibility that the revenue per unit of scrap handled may fall if, as expected, 
the price of scrap falls from its present high level of $40 per tonne.   The 
scrap ari sings in the capital and process sectors may need further study and 
the quantity arising within the works is a crucial factor requiring reappraisal 
of expected process yields.    The effect of regional distribution of the arisings 
of capital scrap, should be an important aspect of the study. 

3Ï1!?.. ÍJR?•. 9Í P?yt Î}9Ï jpctal ha sed_ L; tee lpl a nt 

Because of the scrap supply limitation it is likely that the additional 
requirement for hot metal steelmaking will be, In round terms, between 
3 and 4 million tonnes per year.    This does not include the non-common 
steels at present covered by the special steel category, which are discussed 
in the next article.    Two questions arise regarding the new steelworks; 
whether the works should have ingot casting and primary rolling to billet, 
continuous bloom casting followed by rolling to billets, or continuously 
cast billets;  and whether the capacity should be Installed as one or two new 
plants.    (The economies of scale mean that division into three works is bound 
tobe impracticable). 
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Choice of casting plant: 

Tlie decision whether to install continuous bloom casting   followed by billet 
rolling, or the alternative of continuous billet casting,   depends partly on the 
size of the works, and partly on the range of semi-unished product sizes 
required by customers both at home and abroad.   The multiplicity of billet 
sizes may demand a range of continuous casting machines which, when 
combined with the range of compositions to be cast may cause heavy under- 
utilisation   so    that one hundred percent continuous billet casting is precluded 
on economic grounds.   In this case all or part of the output may need to be bloom 
cast and then rolled.   A decision to construct a single works, particularly if it is 
of over 3 million tonnes per year, may present technological problems which lead 
planners seriously to consider bloom casting as opposed to billet casting.   The 
total demand for blooms for direct sale, rolling and tube rounds may in itself 
be such that existing works will not be able to supply the requirements and part 
of the new works output will be needed other than for billet production. 

The whole question of the choice between bloom casting or billet casting 
should form the subject of a special study.   The study should involve a 
detailed examination of billet dimensions and compositions required both for 
home consumption and export.    It should also include further study of the 
technological factors affecting choice of casting plant.   The development at 
US Steel's South Works, Chicago, of high speed continuous casting of blooms, 
integrated with billet rolling facilities, will no doubt set standards of 
performance which will be widely copied in future.   The choice of casting 
plant is also closely associated with the decisions regarding location of new 
plants. 

Location of additional hot metal steelmaking plant: 

The location of new works in Brazil will depend on the relative positioning 
of raw material supplies, finished product markets and users of semi-finished 
products.   The latter will comprise rcrolling works (currently under 0.2 
million tonnes per year and located around Sao Paulo), existing integrated 
and semi-integrated plants where potential rolling capacity exceeds potential 
steelmaking capacity,   and     associated industries such as tubemakers and 
wire-drawers. 

Most of the existing non-flat production capacity is located in the Minas, 
Rio de Janeiro and Sao Paulo regions, which is also where the major part of 
the demand arises. Table 36.1 compares projected home demand in 1980 with 

available capacity.   It will be seen that outside the three regions mentioned p.bove, 
although the capacity and demand are not balanced, the shortfalls are such that 
there is no major need for additional capacity, bearing in mind that product 
specialisation by works must mean that no area is totally self-sufficient. 
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TABLE 36.1 - LOCATION CF CAPACITY AND 1980 ESTIMATED HOME DEMAND 

IN THE NON-FLAT PRODUCT SECTOR 
(thousand product tonnes) 

Region Expected Capacity 1980 Demand Shortfall (1) 

No. Location 

1 North 44 49 5 

2 North-North East - 66 66 

3 North East 144 181 37 

4 East (302) 144 (-162) (2) 

5 Minas 1032 1022 -10 

6 Central - 75 75 

7 Rio de Janeiro 677 957 280 

8 Sao Paulo 1111 2433 1322 

9 Parana 20 124 104 

10 Santa Catarina - 48 48 

11 Rio Grande do Sul 239 391 152 

Notes (1) A negative short fail indicates an excess of capacity over demand. 

(2) In région 4 the capacity shown includes üSIBA which is only planned 
to produce billets at this stage. 

Source :    Based on 1969 Technometal report. 

• 

To meet the need for some 3 to 4 million tonnes per year of hot metal, based 
on non-flat product capad ty within the Sao Paulo - Rio de Janeiro  - Minas triangle, 
three different approaches, each of which requires detailed examination, could 
be adopted.  These are :- 

an integrated works on an inland site; 
an integrated works on a coastal site : 
various sorts of 'dispersed production'. 
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An Inland works could be situated near to the Iron ore mining 
area.   Imported coal would constitute a return load from tic coast to the 
mining area, and would therefore be carried at low cost.   Finished products 
could cither be shipped out to the coast by rail and then distributed via coastal 
transport, or could be distributed direct to the main consuming areas by road 
and rail.   For transpon to areas of smaller demand, and for exports, sea 
journeys would almost invariably be desirable, in spite of the need for 
transhipment.   The disadvantages of such a scheme would be that the works 
would be remote from much of its market, and that transport of finished 
products by rail would be relatively expensive, calling for different rolling 
stock from that used for ore and coal. 

A coastal works could be established either close to a centre of 
demand or at a point convenient for the transport of iron ore to the coast.   In 
the latter case the products would largely be distributed by sea, whilst in the 
former much of the production would be locally distributed by road and rail. 
Establishment of the works close to a centre of demand would have several 
advantages.   Coastal movement of ore would constitute a regular run   and 
could use specialised vessels,   thus   significantly reducing the cost in comparison 
with the shipment of finished products.    Furthermore, the value of the 
goods in transit would be lower, which would reduce the working capital. 
Proximity to the main market would improve the information feedback and 
provide a speedier service. 

Dispersed production at different works could take several forms, for example, 
a single billet manufacturing plant distributing most of its output to rerollers 
situated close to their markets;   several small integrated works, each 
located close to a market;  or several semi-integrated works, also located 
close to their markets.    Centralised billet production would permit blast furnace/BOF 
steelmaking to be employed at a level which gives reasonable economies of scale whilst 
the re-rollers could be located close to their markets and could specialise where 
appropriate.    The billet works would probably have sufficient rolling capacity 
to supply local finished product demand, and could either be located near 
the Iron ore mine or on a coastal site, as discussed above.    The shipment 
of billets to the re-rollers would constitute a regular run and the limited range 
of sizes would greatly simplify handling;  hence transport costs would be lower 
than for finished products travelling over the same route. 

Any choice between these three types of works would need to be based on 
a careful evaluation of the precise nature of the market demand, the transport 
costs pertaining to the particular locations under consideration and the other 
economic and commercial factors. 

In general, coastal sites have been favoured rather than mine-based 
sites, since the cost of transporting the ore to the coast is less than transporting 
the equivalent tonnages of coal to the mine and the finished products to the coast. 
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Dispersed production lias some advantages which could offset any higher cost. 
It permits a high level of contact with the individual markets and encourages 
effective specialisation.   It is probably easier to adapt to changing conditions 
and it could prove to be justifiable on direct economic grounds. 

Theform of possible new scrap-based electric arc steelmaking jilant 

Very little can be said concerning size and possible location of new scrap- 
based steelmaking.   The total installed capacity, as discussed previously, will 
depand on an examination of flic scrap situation.   If the quantity of available 
scrap turns out to be large then there is clearly the possibility of a large 
electric arc works.   In this case a location study similar in nature to that for 
the hot metal works should be undertaken.   Most of the scrap will arise in the 
south-east and a large works would probably be confined to that region. 
Smaller quantities of scrap may justify one or more small works on a gap- 
filling basis. 

The location of both a scrap source and a small capacity short-fall in the 
northern coastal regions strongly suggests a study of the possibility of new 
scrap-based steelmaking in that area. 

The_ferm of new fimr;hin£ mill capacity in the non-flat sector 

The possibilities raised by the capacity short-fall are briefly repeated 
below.    All the plants can be located independently of the billet producers if 
this proves desirable. 

The forecast short-fall in wire rods is approximately 800,000 tonnes.    This 
capacity can be met by two or more mills.    The mills would probably have outputs 
of about 300,000 to 600, 000 tonnes per year. 

The forecast short-fall for merchant bars is about 1 million tonnes and for 
light sections about 160, 000 tonnes.    Merchant bars will probably be produced 
on high capacity bar mills and two, or possibly three, mills will be required to 
meet the capacity demand;  capacity will then be available on the existing merchant 
mills to make up the short-fall In light section production. 

The forecast short-fall In seamless tubes is 360,000 tonnes but it must be 
stressed that this is dependent on the extent of the substitution of welded tubes 
for seamless tubes, a subject which requires detailed study together with an 
assessment of the product range, since this will Influence the number of mills 
to be installed.    It Is likely, however, that the extra demand will require two 
or three additional tube mills. 

Medium and heavy sections: According to the quoted mill capacities and the 
market survey, there does not appear to be a demand for additional medium and 
heavy sections capacity in 1980 but it would be prudent to reappraise this situation 
since Brazil is not currently capable of rolling very heavy sections, a product 
for which appreciable demand could materialise. 
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Timing of decisions in the 59n;flatj5_ro_duct_sector 

It is possible to discuss this subject only in the most general terms until 
more specific plans have been developed.   If we assume that a single large 
blast furnace works will supply the entire demand for additional hot metal-based 
steelmaking, and that it must be fully commissioned by 1980, then work on 
Bite would have to begin in 1974/5.   The preliminary engineering would require at 
least one year and this would have to be preceded by the range of special studies 
recommended in this report. 

Finish-rol ling facilities present a simpler problem in timing, since 
they would take the form of a series of smaller installations phased to meet 
demand. 

36.3  Structure of the special steel sector 

Where rolling is concerned, the special steel sector can be divided into 
flat   products and non-flat products, although this division cannot be drawn as 
clearly as in the common steel sector.   No such division is possible in 
steelmaking. 

Flat product jçollliig 

Flat products can be classified as:- 

plates - mostly stainless.   It is assumed that some of the higher carbon 
or low alloy steel plates requiring heat treatment are included in the 
sector dealing with common steel flat products. 

•wide strip - mostly stainless and similar, but also silicon steels and, 
particularly, grain oriented silicon sheet. 

relatively narrow strip, up to about 500 millimetres wide, In medium 
carbon and low alloy steels, most of it required cold rolled. 

The stated shortfall in capacity for these products is 240,000 tonnes by 1980, 
In relation to existing capacity of 40,000 tonnes for silicon steel, not grain 
oriented.   We have no analysis of the shortfall of the individual product groups, but 
In any case, the validity of the estimated demand is bound to depend heavily 
on the growth in demand for stainless steel strip which in turn  will depend 
upon its availability. We think, therefore, that the figure should be treated with 
some reserve for the present. 

It seems to us that the demand for stainless steel plates in Brazil will not be 
sufficient to justify a special plate mill for a good many years.   It is, however, 
normally quite practicable to roll limited quantities on one or other of the 
existing plate mills by hire-rolling, and this policy should certainly be adopted. 

Hot and cold rolled stainless strip (sold as cold rolled) Is the main issue. 
Brazil has just the same difficulties as every other country going into stainless 
steel production - should capacity be created initially which is bound to be in 
excess of immediate requirements or should the market be allowed to build 
up first by allowing substantial imports?    We think the answer will be found 
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by compromise.    Wc have suggested, in Chapter 34, a. possible pattern 
for the progressive build-up of mills to produce stainless and grain oriented 
silicon sheet.    This subject also, however, warrants special study. 

Special quality narrow strip up to about 500 millimetres wide is produced 
in industrialised countries on small continuous or semi-continuous in ills, 
sometimes with cold rolling on reversing mills.    Once again, only a special 
study will show whether an operation of this kind is warranted in Brazil. 

Non-flat, product jplljng 

In the non-flat special steel product sector existing rolling capacity will 
satisfy around half the demand in 1980, and some 540,000 tonnes per year of 
additional capacity will be required.    Almost all of this extra capacity will 
be for non-common rather than high alloy steels.    At least two new bar mills 
will be required to meet the demand and the questions which must be answered 
are, how much of this non-common steel could, on purely technological grounds, 
be processed at works producing common steel non-flat products, and on 
organisational grounds, to what extent it is considered acceptable to fragment 
the special steel industry in this way. 

Steelmaki]ig_ in the^speçKi_l_ste_c_l_sector 

In this sector steel making is divided between those steels which can be 
made by the blast furnace - BOF route, and those which require electric arc 
melting.    As has already been noted, the data available to us does not 
sufficiently distinguish between the various categories of special and non- 
common steels to enable us to determine the relative capacity demand for 
these two routes.    While this will have to be established by further study, it 
is already apparent that there is likely to be a need for additional electric arc 
steelmaking capacity. 

On the other hand, the non-common and low alloy steels which could be 
made by the blast furnace route are also usually suitable for continuous 
casting.    This, then, Introduces the possibility of providing capacity for these 
grades in a new large common-steel blast furnace - BOF works if additional 
processing facilities, such as vacuum degassing, are incorporated. 

36.4 Planning considerations that are common to all sectors of the industry. 

So far we have concentrated upon the planning of individual sectors of the 
Industry in the light of the differing implications for each, of the relevant 
technological, financial and economic trends in the world's steel industry.    In 
many instances we have shown that the technological choices open to the 
Brazilian industry may be restricted by availability of materials and energy sources. 
Similarly, location of plants will be governed by their relationship to sources 
of supply and centres of demand.    Factors such as these arc of general relevance, 
and not just confined to one particular sector.    All of these factors have to be 
drawn together in planning the industry as a whole. 
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Raw]iiaierials and rcductants 

In Chapter 35 wc indicated that the major determinant in the continuing growth, 
In Brazil, of hot metal stcelmaking is the supply of reductant.    There are two 
options:  firstly, to continue to buy imported coking coal;  and secondly, to use 
reductant derived from   cheaper coals using such developing techniques as formed 
cokemaking.    We repeat that it is essential that the Brazilian industry should 
carefully monitor and conduct trials, where appropriate, into the alternative formed 
cokemakiiig processes. 

We have also seen that it is necessary for the health of the industry that the 
supply of prime quality scrap is assured,  and that this would require the 
establishment of a national scrap industry.    Alternatively, scrap may be substituted 
by another high quality feedstock, such as reduced products (sponge iron) manufactured 
from high grade indigenous iron ores.     We emphasise the need for detailed study of 
both scrap mobilisation and sponge iron production. 

Refractories, additions and alloys 

Brazil has adequate resources of most of these materials.    It is important 
to ensure that enough processing capacity is available to provide the desired 
tonnages in the prepared forms and at the required quality, for the needs of the 
industry. 

Home Markets 

Although market research has been undertaken, and is continuing, it must be 
borne in mint! that one of the most significant influences on the demand for steel 
will, in fact, be the increasing supply.    This, coupled with the development of 
new uses for steel and the replacement of steel by other materials, ..nakes it 
especially important to keep a close watch for possible changes in the demand 
pattern that could affect the planning of the industry. 

One development indicated by world trends in trade is an increase in the trade 
in semifinished products, particularly billets.    This could provide a me^ns of 
exploiting temporary imbalances in capacity, and might, in time, become a 
substantial market in its own right. 

T^Îi_BÇle.,ltiiiLÎ9ï_e.:>yi0.rt.s !?Y tne Brazilian steel industry 

The expansion of the industry by using modern  world best technology will place 
Brazil in a satisfactory competitive position in world markets. 

Provided that control is maintained over the scrap demand to ensure that 
the price is controlled by the cost of hot metal steelmaking rather than by scarcity, 
new materials will be fairly cheap in comparison with those of other exporting nations. 

This will be, to some extent, offset by the need to import rcductants;  nevertheless, 
Brazil will be well-placed to service the needs of her Latin American neighbours, and 
should also explore the potential of the market in West Africa. 
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The possibility of constructing a works for supplying intermediate products 
overseas should also be considered.    Jopan or the EEC could be potential 
investors in large-scale works, in suitable locations, producing semi-finished 
products for a captive long-term market.    The effect of such an arrangement 
in Brazil would be to increase the added value of Brazilian ore exports. 

Transport 

The availability of adequate transport systems must be established to select 
the optimum siting of production units in relation to raw materials sources and 
the market for finished products.    The ultimate object of studying the trans- 
portation systems is to minim ine the total handling costs by balancing those 
for raw materials (both indigenous and imported) against those for finished 
products. 

The bulk transportation systems available to the existing industry are 
complicated by such factors as differing gauges on the railways.    However, in 
general the rail network connects the raw material sources to the market, through 
the production centres.    The extent to which these facilities will be adequate in 
1980 to serve the industry in terms of carrying capacity, and from the point of 
view of constraints on the location of new works, will have to be studied in detail. 

Supporting industries jinjdseryjces;__re^ 

These subjects are of major significance and are dealt with accordingly in a 
separate chapter for each subject - Chapters 37 to 39. 

I 
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CHAFrKR 37   -  DEVELOPMENT OF CAPABILITY FOR 
ENGINEERING AND PLANT MANUFACTURE 

» 

In this chapter the steps that have to he taken before an Iron and 
steelworks comes into operation are examined with a view to determining how 
Brazil can eventually develop full local capability for the whole sequence of 
operations. 

The engineering, design and construction of a fully integrated iron and 
steelworks is a major enterprise which calls for the assembly, at the right 
place and time, of numerous specialised skills and technologies.    Directly and 
indirectly several thousand people will be engaged for periods ranging over two 
to three years. 

From the initiation of a project to the commissioning of the plant involves 
the following principal steps : 

Feasibility study 
Project engineering 
Project management 
Civil and structural engineering 
Plant and equipment design 
Plant and equipment construction 

In some of these fields Brazilian engineers are already skilled, while In 
others more or less reliance has at present to be placed on experts or 
organisations from countries that have developed their steel Industries to a 
greater extent than Brazil. 

37.1 The feasibility study 

Because of the magnitude of the task of designing and building an integrated 
Iron and steelworks and the large sums of money involved, there is a need for 
careful and detailed study before any decision to start can be made;  this phase 
is usually known as the 'Feasibility Study'.    Indeed, it is sometimes necessary 
to go back even further and have a 'Pre-feasibility Study', the object of which 
is to examine whether a prima facie case exists which would warrant the 
expenditure on the main Feasibility Study. 

406 
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The principal areas which this mnin study will cover arc : 

A market study to determine what products can be sold, to what 
markets and in what quantities. 

The available raw materials and supplies. 

The selection of the process route most appropriate to the products 
to be made and the supplies available. 

The approxin.    e calculation of mass and energy balances with a 
view to determinili!1; the quantifies of materials and supplies required. 

The selection of the site, which is usually determined on the basis of 
minimising total transport costs of raw materials and products but 
may have to take account of other environmental factors. 

The layout of the works upon the site and the determination of civil 
engineering and building requirements. 

Estimation of capi'al required. 

Estimation of operating requirements with their costs, the revenue 
to be earned and the profitability. 

Estimation of cash flow and examination of method of financing. 

The end product of such a feasibility study will be an outline plan of the 
works most suited to the particular circumstances, a statement of the require- 
ments in terms of materials, manning and money, and an estimate of the 
profitability and/or other benefits that will arise if the works is built.    Such a 
study can, of course, sometimes yield a negative answer   - that the kind of 
works envisaged will not be a profitable venture. 

This study   and the establishment of a viable scheme   call for much 
experienced judgement and are invariably the product of a team of expert engineers 
and metallurgists working together under competent leadership.     The experience 
arises from working on  similar studies before, coupled with access to 
Information on the successes and failures of others in former years.    A large 
established steel company, seeking to construct a new plant, may well have on 
its staff men of the required experience who can be formed into a team for the 
purpose;   and may perhaps bring in specialist advice on particular aspects of 
technology.    Indeed, this treatment is very common in the large producing 
countries, where steel is already a way of life. 

In countries where this internal expertise is not readily available, or does 
not even pxist, it is customary to engage the services of consulting engineers 
having experience in this broad area of technology.    The number of firms active 
In this field is not great, but their employment has the advantage that, since 
their work takes them into many countries and many different sets of circum- 
stances, their experience is usually very wide.    A few of the large steel 
companies in developed countries are also willing to provide similar services, 
in whole or in part.    Their advice has the merit that much of it will be based 
on their own hard practical experience, but its base may, of course, 
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be correspondingly narrow.    Some of the plant engineering companies also 
offer consulting services and this can be valuable in specific cases. 

With regard to establishing full local capability in Brazil, the 
three large flat products companies arc already quite well equipped with 
experienced engineers who understand the nature of the problem very well. 
All were built initially on the hi s is of schemes submitted by overseas consultants 
or steel companies.    Their expansion plans have been similarly treated and 
they are, technologically speaking, sufficiently mature to form their own 
judgement on the merits of external advice received. 

In the non-flats sector, those companies with established overseas 
affiliations will have the advice of their parents or licensors in regard to 
expansion plans, and it is really in the possible establishment of a new plant on 
a 'greenfield' site that problems will arise in the short or medium term. 
Engineers of sufficient experience exist in Bra/i!, but the question is whether 
there will be enough to carry the load which will arise in the short term, having 
regard to the'projected rate of growth. 

In considering local capability in this context, it would be sensible prima 
facie to look at the scope for building on what exists.     There are firms of 
Brazilian consulting engineers in practice at present, who are believed to have 
worked on relatively small schemes within the steel industry, but who may not 
yet have carried out a full scale feasibility study for a large integrated iron and 
steelworks.    Any consulting firm which has on its staff an adequate number of 
engineers well versed in the various aspects of iron and steel technology should, 
with the right scale of support activities behind them, be able to carry out 
feasibility studies effectively;  but the problem with a young firm is usually to 
establish the reputation which only comes from having carried through major 
projects successfully. 

It is suggested that CONSIDER might take an initiative by encouraging two 
or three of the leading Brazilian consulting engineering firms to take the steps 
necessary to equip themselves technologically to be in the first rank in the 
specialised area of iron and steel.    This could perhaps be done by either or 
both of two methods.    Either they would recruit experienced steelworks 
engineers to their staffs, if necessary from overseas;  or they would seek 
association with one of the internationally experienced consulting firms, whereby 
the experience which only comes from actually doing the job will be made 
available to them on specific projects.    Indeed, it is understood that two 
Brazilian firms of consultants have already done this. 

An alternative would be for CONSIDER to act more directly by inviting one 
of the most experienced Brazilian steelworks engineers to form a small study 
team drawn from young people with some practical background of experience in 
steelworks operations and their economics, who would study the various 
disciplines which enter into the total technology in developed countries.    When 
the next steel plant comes to be designed, it may still be desirable to engage 
the services of overseas consultants, but it should be a condition of any contract 
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that men from the study team are to be attached to the different phases of the 
work in a manner which affords the maximum opportunity to learn by experience. 
Subsequently, the study group would be in a position to act as a consulting group 
with outside assistance brought in as necessary.    Such a scheme would have to 
receive both official support and suffk Lent financial backing. 

37.2 Project engineering and management 

Following the feasibility study, and assuming that as a result a decision is 
made to proceed with the project, the design of the works defined by the study 
must proceed in greater detail to the point where specifications can be written 
for all the plant items or assemblages, in order to invite tenders from 
manufacturers.     Plant layouts must also be drawn in sufficient detail to establish 
civil engineering and building requirements and define the requirements for all 
services, such as electricity and water, to be provided on the site. 

This phase of plant engineering is the first part of a wider activity of 
project management, which includes : 

Division of the work into suitable contracts 

Inviting tenders for the contracts and selection of contractors 

Programming of work and controlling to programme 

Site management and supervision of contractors' work 

Cost control 

Commissioning of plant 

The setting up of a suitable management organisation, if it does not already 
exist, must be the first activity to be carried out once the decision Is made to 
proceed with the project. 

In private enterprise, a Board of Directors will be appointed, representing 
the shareholders in accordance with the company law of the country.    If the 
plant is to be state owned, Government will presumably appoint a governing or 
managing body.     This body, which carries ultimate responsibility, will have a 
Chief Executive and he, in turn, will establish a project organisation. 
Figure 37.1 shows the main functions which will have to be fulfilled. 

The functions ascribed to the finance and personnel directors do not call 
for special comment. 

The main operational responsibility will fall upon the Project Manager. 
He, in turn, will have responsible to him the Chief Engineer;  a unit which will 
assist him in the planning of the project and informing him on progress in 
relation to the plan; a Purchasing Officer, who will be responsible for the 
placing of contracts; a Stores Superintendent, who will be responsible for the 
proper custody and management of the very large quantities of materials and 
equipment which will be delivered to the site;  and a Security Officer.    It is 
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probable that the same officer can also manage transport facilities, but this 
must depend on local circumstances 

The Chief Engineer has under his command a Civil Engineer, a Mechanical 
Engineer and an Electrical Engineer.     The functions ascribed to each of these 
is shown on the chart and should not call for further specific comment.    They 
will, of course, be provided with staff appropriate to the scope of their work. 

Whilst any company setting out to build a new steelworks will require a 
Board of Directors, a Chief Executive and a Finance Director, it is quite possible 
to put out to contract the whole of the rest of the functions, and have the plant 
engineered and built on a turn-key basis.    At the other end of the scale, the 
company may prefer to make its own appointments covering the entire field of 
activity.    There are many gradations between these two extremes of treatment, 
and the question is which one will be most applicable to Brazil and Brazilian 
conditions in the short, the medium and the long term.    The answer depends, 
once again, on the number of engineers and managers available to fill the key 
positions on the chart at the right time. 

There are clearly good managers and skilled engineers in Brazil, but the 
Government is contemplating a scale of expansion in its iron and steel industry 
in a confined time-scale which is almost without parallel, save perhaps in the 
Soviet Union and Japan, where the engineering resources are vastly greater. 
History and experience suggest that the sheer volume of what is proposed may 
well be beyond the resources of experienced national manpower which exist. 

Indeed, the availability of engineers of the right experience has all too often 
proved the limiting factor in steelworks construction, and hi most cases where 
a project has run late, or exceeded the estimated cost, it is because the 
engineering was not adequately done before contracts were placed or physical 
work put in hand.    There is nothing so expensive in time and money as changes 
in plan during manufacture and construction.    It follows from this that no work 
should be ordered until the entire project has been properly thought through to 
the end.    Until the work is well defined, it is not possible to measure it. 
Without measurement, it is not possible to prepare reliable financial budgets, 
nor to authorize and control expenditure realistically.    Definition means 
engineering.    Time and money spent on engineering before physical work is 
ordered, is nearly always time and money saved in the end.    It should be a 
prime task of executive management to ensure that this principle is followed. 

Insofar as it has been decided that, at the first stage, three large existing 
Brazilian steelworks arc to be expanded, the work will no dcubt be handled, 
engineered and managed by the existing staffs at those plants, with such external 
aid as their directors consider necessary     The same would apply to any further 
expansion on those sites.     It is probable that full local capability in Iron and 
steel engineering already exists within these companies.    However, as they are 
likely to be engaged on this programme for some years, it may be difficult to 
spare the requisite number of qualified staff without detriment to other projects. 
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The establishment of an entirely new plant on a greenfield site may require 
a substantial degree of external assistance, particularly if such a project were 
to be put in hand concurrently with the expansion of existing plants. 

It may be that, in all the circumstances of Brazil's steel expansion plans, 
it would be wise in any event to place contracts for the main plant units,   i.e. 
iron plant;   steel plant;   rolling mills and roll shop;   maintenance workshops 
and stores, on the to sis of separate turn-key contracts for each perimeter. 
Where engineering manpower is limited at the centre, it is often better to 
harness the resources of equipment contractors on the basis of subletting total 
engineering responsibility, albeit with an appropriate system of supervision 
and co-ordination.     In this way, the central organisation can be kept to a 
reasonable size. 

In practice, it is quite normal for coke ovens and blast furnace plants to be 
ordered on a turn-key basis, because no other method is really practicable. 
It is conventional also to contract for a blast furnace with its ancillaries as a 
unit, though it h: a matter of judgement and circumstance whether agglomeration 
plant should be included in a contract for a total ironmaking plant, or whether 
it should be treated separately. 

It is desirable to contract for a basic oxygen steelplant on a turn-key basis, 
at least as regards engineering.    It is important that the whole plant should be 
designed and engineered as an integrated whole, and there is much merit in 
placing the total responsibility with a single engineering enterprise. 

Rolling mills comprise a subject of great diversity, but it is unlikely that 
a company would establish a large rolling mill installation, such as hot and cold 
strip mills, bar mills, rod mills or structural mills, without seeking external 
engineering advice.     Most of the know -how and experience lies in the hands of 
the reputable international equipment builders.    We consider that there is merit 
at the present stage of development in placing contracts for rolling mill equip- 
ment on a totally engineered and constructed turn-key basis, which includes 
placing on the mill builder the responsibility for defining and procuring the whole 
mill complex, including electricals, buildings, cranes, furnaces and all 
ancillaries. 

In all these areas, contracts should be placed on the basis that the maximum 
opportunity is provided for Brazilian engineers to be associated with the engineering 
and construction of the plant units at every stage.    We make the point that, 
whatever can be done by Universities and technical colleges in providing engineering 
education, it is only by hard practical experience that men will learn the business 
of engineering and constructing iron and steelworks.    Once again, the development 
of 'full local capability* in the implementation of a project, both in its engineering 
and management aspects, will only be achieved by doing it. 

> 
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37.3 Civil and structural engtncering 

Civil works 

The major construction projects currently being undertaken, or recently 
completed, in Brazil leave no doubt that within the country the capability is 
available to undertake the civil engineering design and construction for the type 
of projects envisaged. 

Difficulties may arise, however, from the sheer volume of what is proposed. 
The maintenance of a programme of civil engineering design and construction is 
crucial to the orderly implementation of a steelworks construction project. 
The projected growth of the Brazilian steel industry within the time scale 
envisaged will make very heavy demands ou national resources for civil 
engineering design and upon the logistic support for construction,   e.g. upon the 
available production capacity for cement, reinforcement, structural steelwork 
and some classes of skilled labour. 

Doubtless, other industries will have expansion projects running concurrently. 
The planning of the use of these resources will, therefore, be of great importance 
and we place the main emphasis on civil engineering design because until at least 
the main outlines of design are established, it is not possible to measure the 
physical and material needs.     From this standpoint, it may perhaps be desirable 
to supplement national design resources by assistance from overseas. 

The probable requirements of the steel industry for the rate of expansion 
envisaged, in respect of civil engineering and foundation works, are a continuing 
annual demand for about 600,000 - 700,000 m3 of reinforced concrete work,  tn 
value about US $100 million per year.    This will require 150,000 - 180,000 tonnes 
of cement and 60, 000 - 70, 000 tonnes of reinforcement per year. 

In the year 1969 five of the major civil engineering companies carried out 
contracts to the value of approximately US $1,500 million in the industrial and 
public works field, which would indicate a satisfactory level of ability from the 
Industry as a whole. 

A programme of development to increase the output of the cement manufac - 
turing industry has been ipproved, and this will raise the annual production to 
21.5 million tonnes by 1975. 

Structural .steelwork 

Whilst some stcelplant buildings can be constructed using reinforced concrete, 
generally every part of the development programme will require the supply of 
structural steelwork.    The merit of continuing to import heavy steel structures must 
be analysed, in the light of a growing internal market which is likely to replace 
some areas of reinforced concrete construction. 

The probable continuing requirements of the steel industry programme for 
major structural steel fabrication are 50,000 - 60,000 tonnes a year.    The 
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possible fabrication capacity is presently limited to structural welding plants 
attached to the works of CSN and Usimimis which arc reported to have a com- 
bined capacity of approximately 55, 000 tonnes per year.   This suggests that 
some expansion will he required if the total demand is to be satisfied.   There 
are no heavy rolled sections made in Brazil at present. 

Reinforced concrete, however, is used extensively on small industrial and non- 
industrial building application; to ensure the continuing economic use of any new steel 
fabrication facilities, the development programme outside the steel industry must 
include projects which require structural steelwork, otherwise the capital 
expenditure and training of engineers and craftsmen cannot be justified. 

37.4 Piant and equipment design 

All steelmaking countries have at one time or another benefited from 
developments in plant design which have occurred in other countries.    In blast 
furnaces, for example, the United States steel industry   in the first half of the 
cent    y, improved on the European practices from which their technology was 
originally derived.    Within the last decode the Japanese, building on this base, 
have led the way in developing the blast furnace still further into huge production 
units which offer great benefits of scale.    Most of these developments have been 
attended by troubles and problems.     It is unthinkable to us that Brazil should do 
other than acquire the most suitable technology available from world sources 
and apply it to her own context, at least during the present decade. 

The same applies in almost all the fields of iron and steelworks plant.     For 
example:, the continuous rolling of wide steel strip, hot and cold, began in the 
United States in the 1920's.     The developments since then, both in the United 
States and elsewhere, have been so vast and the technologic» 1 advances in design 
of equipment so great, that Brazil could not hope to catch up by starting from 
scratch, and will surely wish to have access to world technology, to use it and to 
improve on it as opportunity offers. 

In course of time, Brazilian steelmakers will make their own contribution, 
but on the short and medium term view the repositories of equipment technology 
will continue to be the specialist engineering companies who have the experience 
of what has happened with the growth of new processes, and are in a position to 
apply it in terms of engineering design.    Such companies can be expected,  in 
principle, to enter into licensing arrangements with Brazilian steel and engineering 
companies, whereby technology can be made available as a basis, when appropriate, 
for the production of drawings in Brazil for specific contracts.    We recommend 
that this is encouraged, as it is the way in which Brazilian engineers will grow up 
with a fundamental and up-to-date knowledge of plant and equipment design. 
The policy will make a modest demand on foreign exchange, but it will be 
relatively small and it will be much cheaper from every point of view than the 
alternative, and probably impracticable, policy of setting up Brazilian design 
institutes, required to produce new designs of major plant and equipment from 
first principles. 

In summary, therefore, we suggest that 'full local capability in plant and 
equipment design' is not a desirable immediate objective.    Brazil, with its 
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current programme, should do what other countries have done and initially seek 
to acquire the best equipment designs available from world sources without. 
restriction.    As time goes on, it will no doubt improve on these designs, both 
from practical experience and from planned research.     In due course, when 
Brazilian engineers believe that data thus acquired will enab'e them to design 
something better, or new, they should of course design and build it, if it is 
economic so to do.    This has been the general pattern of developnunt outside 
the authoritarian countries. 

37.5 Plant and machinery construction 

General considerations 

Implicit in the objective of developing a major iron and steel producing 
Industry is the associated development of a number of iron and steel consuming 
Industries.     These are likely, eventually, to contribute as much as ten times 
the gross national product generated by the iron and steel industry itself. 
Clearly, the achievement of the planned increase in iron and stcelmaking capacity 
can only have meaning in the context of concurrent expansion and development of 
major steel consuming industries;  without the latter the iron and steel industry 
would be still-born.    Devoting resources to stimulating the development of 
these industries must therefore be of first priority; as total resources are 
limited, the comparative merits of alternative development projects will require 
detailed examination before decisions are taken. 

In the short term   -  that is to say over the period during which new iron and 
steelplants, to service the 1980 demand for products, are being built   - the iron 
and steelplant manufacturing industry, as a whole, is likely to be adjudged to have 
a lower priority in the claim for resources, since more attractive returns will 
probably be obtained from investment in more intensively consuming industries. 
The speed with which Brazil is able to develop a full capability in this field will 
be determined principally by the rate at which the Brazilian economy is able to 
accommodate growth. 

There will be, however, sectors of the steelplant manufacturing industry 
that It would pay to develop immediately.    In particular, those sectors that supply 
plant to a number of other industries as well have a higher claim for early 
development.    Examples within this category are the electrical equipment 
Industry, which will supply such items as motors and switchgear to a large 
variety of industrial users, and the mechanical handling plant industry, which 
again will supply a variety of users with conveyors, cranes and mobile handling 
equipment.    Other sectors that should be expanded at an early stage are those 
concerned with the regular supplies or replacement items for the steel industry. 
Examples in this field are refractory bricks and rolls for rolling mills. 

As a measure of the total requirements of the steel industry in the near 
future, it can be stated that the rate of expansion corresponds to the Installation 
of an annual tonnage of plant and machinery of 100,000   -   120,000 tonnes, at an 
average value, including engineering and design costs, of about $1,000 per tonne. 
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Heavy plant manufacture 

In the medium and heavy plant manufacturing industrie.-;, Brazil already has 
a production capability and it would obviously Lie in the interests of national 
development to extend the annual output of these industries.    The requirements 
within Brazil for I he very heavy and very sophisticated it unis of mechanical and 
electrical equipment are unlikely to be either large in volume or on a regular 
basis, and it is unlikely that this [»articular area of manufacture could be 
economically established at the present time. 

A large proportion of the plant and equipment which comprises the various 
items of iron and steelworks plant is relatively uncomplicated to manufacture 
and construct, but the present-day plant sizes are such that the manufacturing 
works need to be equipped, in some cases, to handle, machine and form pieces 
of equipment which are of very large weight. 

The manufacture of blast furnace plant, sinter plant, pelletising plant and, 
to a large extent, the steelmaking plant, call l'or a large proportion of facilities 
of the boiler making type, that is the capacity for bending and forming large 
plates and joining them with a fair degree of accuracy.    In the case of ironmaking 
plant, the furnace shell is assembled at site from workshop -prepared plant 
sections, whilst at the steelmaking area ladles are completely assembled before 
leaving the workshops, and units such as ladle transfer carriages are a combina- 
tion of welded fabrications for the main tody and the machinery for propulsion. 
Another very large section of the equipment is comprised of steel structures 
which house some specialised process equipment, and a considerable amount of 
machined ports and iron and steel castings.     The majority of the work in these 
plant items calls for manufacturing facilities which are within the normal standards 
of the engineering industry and which are, to a considerable extent, already 
available in Brazil.    The basic oxygen steelmaking vessels, however, are 
principally large welded fabrications with very heavy component parts.    The 
manufacture of these vessels calls for a higher grade of welding, and requires 
shop cranage and machine tools of larger capacity.     It would not be possible to 
set up a manufacturing capability only to produce steelmaking vessels, so that to 
be economical this facility must have a market for other products, such as large 
pressure vessels. 

Soaking pits, reheatir g furnaces and heat treatment furnaces, to a very large 
extent, comprise structural steel fabrications, refractory brickwork, and castings, 
together with some mechanical equipment.    Normally, the manufacture of 
furnaces does not call for any manufacturing facilities which are outside the 
capabilities of the medium and heavy engineering manufacturers.    Electric arc 
steelmaking furnaces have a large specialised electrical element but the remainder 
of the equipment follows the general line of furnace construction. 

Manufacture of machinery 

This includes blast furnace blowers, small turbo-generators, rolling mill 
equipment and items of machinery in all the other plant perimeters.    Most of 
the machine tools required are conventional, although many mill parts are 
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nowadays designed for machiirng on heavy duty horizontal milling machines, 
which are often equipped with ^rical control.    There is also need for a 
range of gear cutting capacity,        coarse pitch heavy dui y gears ranging in 
size from small double helical pinions up to spur wheels 01", ^ay, 5 feet diameter. 
Nearly all the components can be made in machine shops equipped with 10 or 20 
tonne overhead cranes, while most of the machinery units can be assembled in 
erecting shops equipped with cranes of 50 tonnes lifting capacity. 

We consider that Brazil should put herself in a position to furnish most of 
the equipment within this bioad category. 

Above these weights is a group of items which is constituted in the main by 
the rolling mill stands for primary mills and for hot and cold strip mills.    There 
are very few steel foundries in the world capable of making these castings, and 
these facilities cannot be economically established unless there is a prospect of 
a complementary demand for very large steel castings in the 100 - 200 tonne 
range for other capital industries, and this situation cannot be foreseen in Brazil 
within the coming decade. 

Similarly, machine shops capable of machining these large pieces to the 
accuracy required are highly specialised units.    They call for very costly 
machinery and for highly skilled and experienced operative labour and super- 
vision.    The shops themselves, with gantries suitable for cranes capable of 
lifting 150 or 200 tonnes In weight, are also extremely costly.    We do not 
recommend this type of investment and we think Brazil should continue the policy 
of importing these very heavy rolling units.     Nearly all the leading roiling mill 
engineering companies will be willing to enter into contracts on the basis that 
they supply the heavy units themselves and arrange for the manufacture in Brazil 
of most of the machinery units which are within Brazil's manufacturing capacity. 

Most of the overhead cranes for steelworks are essentially similar to those 
for medium and heavy engineering plants, and need the same manufacturing 
facilities.    From what we have seen of Brazil's mechanical engineering industry 
(and we must emphasize that this is limited), it appears that Brazil is already 
virtually self-sufficient in cranes, apart from some of the very specialised ladle 
cranes and those embodying sophisticated electrical control gear.    Brazilian 
engineering companies are already seeking and securing licence agreements 
with internationally known rolling mill engineering companies.    We have been 
Impressed with the vigour and enterprise being shown in these directions, and 
we think that if the steel industry's plans are made known in sufficient time, 
then the indigenous engineering industry will take the necessary steps to supply 
what it is economic to supply.    We do not think any special pressure on the 
engineering industry to go beyond the natural pace of development is necessary, 
although CONSIDER will presumably wish to check from time to time that 
expansion plans are, in fact, being implemented to meet the requirements of 
Brazil's steel developments. 

We must make clear, however, that it has not been possible for us, within 
the time scale of our study, to make any quantltive assessment of Brazilian 
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heavy engineering manufacturing capacity, nor to relate it to prospective demand. 
It may be that CONSIDER should put in hand or commission such a study to 
provide a base from which subsequent monitoring can be carried out.    It is 
worth mentioning in this context that when in 1946 the UK steel industry decided 
to embark on its large post-war expansion, the British Iron & Steel Federation, 
which was the industry's central organ, asked the Association representing the 
equipment manufacturers for specific assurances regarding their members' 
ability to carry out the major part of the stipulated programme.    This resulted 
in considerable additional investment by the plant makers in their own facilities, 
which might otherwise have been undertaken too little or too late.    CONSIDER 
may well think that a similar initiative would be timely in Brazil in the near future 
although, to be effective, it will be necessary to specify with fair accuracy, not 
only the programme, but also its timing and phasing. 

37.6 Roll product ion_ 

It is obvious that the increases in steel production will engender a corres- 
ponding increase in the consumption of mill rolls.    There are several distinct 
types of mill rolls and, at present, most kinds are being made in Brazil, 
although not in the volume necessary for complete self-sufficiency.     Villares is 
the largest producer of strip mill rolls, making cast steel back-ups,   iron and 
cast steel type work rolls for hot mills,   and hardened forged alloy steel work 
rolls for cold mills.    They have a licence agreement with Ohio Steel Foundry 
and their facilities appear to be excellent, comparing well with international roll 
making companies.    Their capacity can be considerably expanded by marginal 
investment and they stated their policy as being able to furnish about oO peicent 
of the market, now and in the future.    This will involve increasing their present 
output of all types of rolls from 350 tonnes/month to 9.">0 toimes/month by 1975, of 
which 15Ü tonnes/month would be in forged rolls.    They felt it wise for some 
Import to continue, as competition between suppliers in roll quality and 
performance is strong and they believe it necessary to retain this spur to the 
efficiency of their own operation.    This, we think, is wise judgement. 

CSN also cast part of their own hot strip mill work-roll requirements and 
also rolls for their structural mill, but they are deficient in machining capacity. 
They currently enlist the help of Villares in this problem, but it is a matter which 
may require attention if Villares' expanding production should later absorb the 
whole of their machining capacity. 

The market for the smaller merchant mill rolls, which are mostly cast in 
special iron and semi-steel, is currently satisfied partly by Villares, partly by 
smaller foundries in the Sao Paulo area, and partly by imports.    We have no 
information on the actual proportions, but imports appear to be small. 

Some figures of roll life for nationally produced rolls were quoted and prima 
facie some of these were below international experience.    However, we do not 
attach much importance to this, as it is an area where comparisons are notoriously 
unreliable and misleading, unless all operating conditions are known.    We see no 
reason why Brazilian rolls should not be equal to the best and since Villares have 
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3 already developed some export trade, it can be assumed their quality is generally 
satisfactory. 

We believe, therefore, that provided the Brazilian steel industry continues 
to make known its expansion plans in ample time, the present rolls industry can 
be relied upon to make the necessary private investment, so as to supply the 
bulk of national requirements.     There may be exceptions, however.    We do not 
think it would he economic,  for instance, for Brazil to manufacture the back-up 
rolls for the projected 160 inch   plate mills owing to their great weight and the need 
for heavy and expensive facilities which could not be fully utilized.    Also we 
attach importance to early notification of requirements, so that the rolls industry 
may know in which direction to expand, e.g. in cast iron, cast steel or forged 
steel.    Scope should be retained, we believe, for reasonable foreign competition 
as a means of ensuring that the steel industry has rolls available to it which arc 
equal to the best. 

37.7  Electrical equipment 

The requirements of the expansion programme for the industry will amount 
to an expenditure on electrical equipment, including motors,  switchgear and 
cabling of US $35-40 million per year. 

On the basis of discussions with the Brazilian electrical equipment suppliers, 
although without any detailed investigation, it is a fair assumption that most of 
the commonly used transformers, motors and switchgear can be supplied by the 
existing private industry, which could be expected to expand by marginal 
Investment.    Once again,  it is necessary for development plans to be published 
well ahead of actual needs,  so as to allow time for the supplying industry to 
assess requirements in detail and take such steps as may be necessary. 

There are, however, some electrics in rolling mill installations in particular 
which call for special mention.    The main drives and control gear for large 
reversing mills and for continuous mills include some highly sophisticated 
engineering, especially where exact speed relationships and rapid response to 
rolling variations are needed.    We do not think it wise for Brazilian electrical 
equipment firms to attempt to manufacture such equipment except under licence 
from experienced USA or European companies;   and it may well be wise, at 
least in the medium term, to continue to import. 

The modern tendency in roller table design is for each roller to be driven by 
Its own motor, involving multiple production of these machines.    The variable 
speed characteristics required from some of these motors are often obtained by 
employing variable frequency alternating current.    We see no reason why these 
machines should not be made in Brazil and the know-how should be obtainable 
under licence if, indeed, it does not exist already. 

Instrumentation a_nd control equipnTen_t_ 

All   aspects of iron and steel production require control and instrumentation 
systems which, in the main, use basic common instruments.    An instrument 
industry could not be justified merel/ on the demand generated by the iron and 



^ 

42Ü 

steel industry, even with a programme such as is envisaged in Brazil.    However, 
since there will be a general upsurge of industrial development, there will be 
much more widespread demands for instrumentation and control systems. 

In such a climate of industrial expansion, it is to be expected that a vigorous 
industry will develop in this sector without any particular stimulus from the steel 
industry.     It will 1« important, however, for the iron and steel industry to keep 
In close touch will) the instrument industry, and to help in setting up special 
applications sections to deal with the specific requirements of iron and steel 

mills. 

37.8 Conclusions find recommendations 

There would appear to be no reason why Brazil should not steadily improve 
her capability to undertake, with indigenous resources, at least a part of the 
planning and engineering for the expansion of the steel industry.    In particular 
we recommend the early formation of consulting groups, with effective liaison 
with international consultants of repute to initiate and undertake feasibility 
studies and engineering design. 

We recommend that special attention should be given to the structural 
engineering problems associated with heavy steelworks plant, and also that the 
techniques of project management should be studied and mastered by Brazilian 
engineers. 

We believe that the plant and equipment manufacturing industries which 
support the steel industry will develop nationally in Brazil, and that it would 
be unwise to force the pace of development artificially.    In this way, Brazil 
is likely to develop a slightly more broadly-based heavy engineering industry 
which, in time, will be able to manufacture an increasing range of steelworks 
plant.    We recommended that the initial stage in developing this manufactur- 
ing capacity should be based on imported designs built under licence; this will 
enable the industry to become thoroughly established before embarking on the 
comparatively more risk-prone stage of design and construction of all-Brazilian 
plant. 

In the case of the ancillary industries such as electrical engineering and 
instrumentation we recommend that the existing industries should continue to 
service a wide range of industries rather than concentrate on narrow special- 
isation in steel plant requirements, although these can increasingly be met. 
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CHAPTER 38 - RESEARCH AND DEVELOPMENT 

One of the most difficult decisions for nations in the process of industrial- 
isation concerns the deployment of resources for long-term radier than immediate 
benefit.   Any investment for the future requires a sacrifice in the present. 
This difficulty presents itself even more forcibly when the future benefit is 
uncertain and intangible as with research and development.   It is clear, if 
only from inspection of practice elsewhere in the world, that a large steel 
industry, for example, will require a fairly substantial level of research and 
development activity.   What is less clear are the amount of resources which 
should be allocated to it   and the overall objectives which should be pursued. 

38.1   World practice 

As a fi rst step in estimating the level of effort to be devoted to research 
and development we can indeed look at what is accepted elsewhere.   As might 
be expected, research and development expenditure varies directly with steel 
output, as shown in Table 38.1.   US expenditure is highest, followed by 
Japanese, while the Netherlands has the lowest expenditure of those countries 
included in the comparison.   Comparison of expenditure per tonne of output 
however, shows, no relationship with the level of output.     It might have 
been thought that the US would again show the highest per tonne expenditure, 
but Sweden, with ninth ranking in tonnage produced, spent nearly three times 
as much per ton as the USA;   this is principally a reflection of the emphasis 
of the Swedish industry on stainless and special steel products.   Neither is the 
proportion of steel industry manpower engaged in research and development 
related to the industry's output level (Table 38.2). It is apparent that while big 
national industries spend more in this area than small ones, the extent to 
which the industry should rely on research and development is mainly a matter 
of policy.   Sweden, for example, has needed to develop a high degree of 
sophisticated manufacturing technology.   Belgium, on the other hand, does not 
specialise at all and produces mainly ordinary grades of steel.   In consequence, 
Swedish per tonne expenditure on research and development in 1966 was about 
eight times that of Belgium, $3.15 as against $0.38.   The comparable figures 
for the UK and USA, at $1.30 and $1.10 per tonne, could be taken as a rough 
norm for long-established industries with a broadly-based product mix. 

These figures give an idea of the scale of resources that might be devoted 
to research and development in the Brazilian steel industry.   To match the 1980 
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TABLE 38.1 - EXPENDITURE ON R & D BY THE STEEL 
OF VARIOUS COUNTRIES 

INDUSTRIES 

Country Years R&D 
expenditure 
(*000 $) 

Crude steel 
production 
('000 tonnes) 

Expenditure on 
R & D/tonne crude 
steel ($) 

Germany 1964 32,750 37,339 0.88 

Belgium 1955 
1966 

742 
3,389 

5,893 
8,911 

0.13 
0.38 

France 1955 
1966 

6,100 
17,220 

12,592 
19,585 

0.48 
0.88 

Italy 1955 
1966 

720 
7,504 

5,548 
13,639 

0.13 
0.55 

Netherlands 1966 3,039 3,256 0.93 

UK 1955 
1966 

7,264 
32,150 

20,109 
24,705 

0.36 
1.30 

Sweden 1966 15,000 4,764 3.15 

Canada 1956 
1966 

400 
5,800 

4,809 
9,075 

0.08 
0.64 

USA 1957 
1965 

64,000 
131,000 

102,254 
119,262 

0.6? 
1.10 

Japan 1956 
1965 

5,497 
42,181 

11,106 
41,161 

0.77 
1.02 

Source:    OECD 
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target capacity of 20 million tonnes, between US $15 million and US $25 million 
a yea i" should be allocated al that stage.   Closer definition of the sum will 
depend on policy decisions as to how innovative the industry should be, the 
extent to which 'know-how' should be bought from abroad, and the natine of 
problems arising tinier local operating conditions.   Similar considerations 
would decide the manpower required.   To make a round estimate it is a 
reasonable assumption that the proportion of the total workforce in research 
and development might be similar to that in the Uli, at about 2 percent.   On 
this basis, with a workforce of about 120,000, producing 20 million tonnes of 
steel a year, some 2,400 men would IXJ employed in research and development, 
about half of them professionally, or technically, qualified. 

38.2   Research and development objectives 

In general research and development in the steel industry has three prime 
functions:   basic research in, for  example, metallurgy;   improvement of 
existing, producís and processes;   and adaptation of standard processes, or the 
development of new ones, to meet local conditions.   Broadly speaking, the 
resources devoted to these categories will be determined respectively by;   the 
fact that the fundamental design of steel processes is unlikely to change 
for at least the next decade;   the decision whether the strategic aim of 
the industry should be to specialise and innovate or simply to produce 
ordinary steel grades as an ancillary to domestic user industries; 
the degree to which the industry is established and integrated with ore 
and fuel supplies,  its workforce and its customers. 

I 

The significance of the fixed nature of basic steel manufacturing processes 
is that to arrive at substitutes for them would require immense research 
effort   and prolonged development   to produce anything economically feasible. 
It would ahaost certainly not be desirable for Brazil to embark on such a 
programme by herself.   Indeed, so high is the investment threshold for 
effective research in this area that an advanced industrialised country has to 
consider very carefully the value of committing any large scale resources to 
basic process research.   It is a fact, however, that some major technical 
innovations have been made outside the major steehnaking countries :   Austria 
was largely responsible for the BOF process and Mexico (with the USA) 
for HyL.   Similarly, there is one field of basic process research, direct 
reduction using nuclear energy, discussed later, to which Brazil might in 
certain circumstances turn her attention. 

The development posture of the Brazilian steel industry will, until 1980 at 
least, be determined by its role within the domestic economy.   It will in cfiect 
be a primary industry producing what is virtually a raw material for 
construction, engineering, ship-building and consumer goods manufacture. 
The investment, manpower and development effort   that   the steel industry will 
be able to command will te   fully extended       by the exigencies of reaching the 
20 million tonne basic capacity target togetiter with essential specialities that 
the rest of the economy will demand.   During the next decade at least, crude 
steel capacity growth will predominate and will not permit orientation of the 
industry as a whole to high value special products.   The function of research 
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and development will be to improve the efficiency of existing processes, to 
improve output quality and consistency, and also to lay the foundation of a 
programme wheicby the needs of domestic industry can eventually be 
anticipated with new methods and new products.   It is inevitable that in a 
period of massive growth such as Brazil is currently going thro LI gli,  there will 
not be a clear boundary between research and development, quality control 
and trouble-shooting.   This certainly seerns to have been the case in Japan 
where in 1967, shortly before the fastest increase in capacity, 56 percent of 
the research and development budget was applied to improving existing 
processes and products as against 13 percent to basic research. 

The third function merges with the second, namely the adaptation of 
processes to the local environment.   This area is inescapable and essential to 
the maintenance of the industry at any stage.   Processes must be tailored to 
cope with locally available raw materials, especially Brazil's own coal and 
iron ores.   Ore treatment and blending requirements, for example, can be 
determined within the industry where the advantages of continuous experience 
and feedback of experimental results can be exploited.   The capacity of 
supporting industries may present problems which can be solved by modification 
of steel plant requirements.   Methods of work which vary from community to 
community may throw up manning and control problems requiring consideration 
of an Operations Research nature.   Then, as plant is extended and replaced, 
good management will need the services of research and development to bring 
about the necessary adaptation. 

Once again it may seem difficult to distinguish research and development 
from trouble-shooting and quality control functions, and there is indeed some 
overlap.   Research and development, however, is a continuous, programmed 
activity which will concern itself with longer term technical rather than 
immediate problems, tending to anticipate situations rather than react to them. 
It contrasts similarly with quality control, aiming to provide means of 
achieving and sustaining quality parameters rather than actually maintaining 
them.   Although it must be closely coupled with process management in the 
sense that communication between the two spheres needs to be open and easy, 
research and development must be seen as an adjunct to investment decisions 
for future production radier than present output. 

The nature of the objectives outlined as broadly appropriate to the needs 
of Brazil in the coming decade suggest that the principal emphasis will be on 
development rather than research.   The pace of basic research should not be 
forced; it is better to allow it to evolve naturally, as and when inventive 
talent can be devoted to it without undue sacrifice in other directions. 

38.3 The organisation of research and development 

In many countries, steel industry research and development is organised 
on two complementary levels:  at the plant or the manufacturing company, and 
at the specialised research institute or university.   There is thus a strong 
tendency for the research and development functions to split according to 
location.  At the plant, attention is devoted to more immediate product or 
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process improvement which, ií suer c s sui!, can provide an effective 
entrepreneurial advantage tu commercial opérations.   Strategic, long-term 
research on the other land is left, in practice, to the very large firms such 
as are found in the USA, Europe or Japan and to central research institutes 
and universities.   Countries that have set up central research institutes for 
the steel industry include France (1USID), die UK (bISRA, now absorbed by 
BSC), Helium (CRM ), India (NMI.) and USSR (various institutes).   In the 
USA and Japan the research is lar»-]y centred in works laboratories. 
Research at this level demands great resources of money and manpower, and 
there is no immediate puv-off.   In consequence, it has been common practice 
to establish a central research body under tin: ac;;is of the government, 
possibly with some kind of levy on those with the potential to benefit from the 
work.   BISRA in the UK was at one time financed from a compulsory levy on 
steel producers;   1RSID in France is paid for from the voluntary subscriptions 
of corporale members, and there arc other similar examples.   An important 
European body is the Research Fund of the HCSC, financed from a levy on all 
steel produced within the ERC.   One of its principa! functions is to sponsor 
research at other institutions;   for instance, human factor problems in 
universities, pollution pmhlems in research asse .dations and technical 
research in the associations and company departments.   Tre lhoian KML is oí 
particular ¡merest- to cor.rt doi: uni;.. rV.ir.tr on tin development or their fjtcc 1 
industry,  rimje its successful record of contribution to the furtherance of knowledge 

has been outstanding. 

I 

The present organisation of research and development for the- Brazilian 
steel industry is briefly d scrihed in Article 1 ,3 nf Chapter V,   It appear* ihat 
the main research and development effort is being developed through individual 
companies.    'Hie inherent danger in this is that commercial secrecy may 
deprive the industry, as a whole, of some improvements devised by a single 
company in ihe private sector.   This is less likely to happen in the flat-product 
sector, which is largely State controlled.   On the other hand, the rapid growth 
of the industrial sector of the Brazilian economy envisaged over the next two 
decades will provide rich entrepreneurial opportunities which are likely to be 
seized by those companies adapting themselves to market requirements through 

their research and development activity. 

The world of steel industry research and development is very open, 
and it is rare for important developments to emerge from one laboratory 
or even one country .       So great is the lag between proving a development at 
laboratory level and putting it into practice on a commercial scale, that there 
is little to be gained by maintaining a regime of strict secrecy.   Again, the 
cost of major new developments is so large that some measure of co-operation 
between institutions or even countries becomes quite desirable. 

A central co-ordinating and sponsoring body in a situation of relatively 
scarce resources could do much to prevent wasteful duplication of effort and 
impose some overall shape and direction on the totality of the country's 
research.   The activities of this tody could include the following functions: 

(i) Surveying the available qualified manpower and ensuring- that 
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it is used to tlie Ixjst national advantage, 

(ii) Stimulating and approving new research and development projects 
which could he carried out under contract by individual companies 
in their own works facilities. 

(iii)      Preventing wasteful overlap or duplication of work. 

(iv)       Recommending to (Government v.'hcre financial assistance 
is necessary and merited. 

(v) Monitoring performance and reviewing results. 

(vi)       Supervising, and perhaps controlling, the overall policy 
on importing and adapting foreign technology. 

It should not, however, seek to prevent any company from pursuing 
research independently - the very stimulus of commercial advantage may be 
the best incentive to vigorous pursuit of research objectives. 

The co-operating body should be drawn from representatives of both public 
and private sectors of the industry, the universities, the research institutes, 
and the Government. 

The construction of large centralised research facilities, serving the 
industry as a whole, is probably not the right course for Brazil at the present 
time.   Nevertheless, it will be necessary to give some thought, now, to the 
longer-temi pattern of research and development in the industry if the support 
required by a 20 million tonnes per annum capacity is to be provided. 

Organisation of centralised research through a Research Association, 
such as B1SRA used to be, has not always proved to be the most efficient means 
of achieving technological progress.   It is clear, however, that a major 
industry cannot be supported by minor-key research facilities, and in the field 
of process development pursuing a line of research through to successful 
application often requires major expenditure on pilot plant. 

It is not within the scope of this report to enter into a detailed discussion 
of the various ways in which research and development can be administered and 
financed;   the appropriate pattern and scope for Brazil requires furthcr 
extensivc study.   However, as an indication of some of the possibilities, we 
have shown in Figures 38.1 and 38.2 the organisation of research and development 
in the iron and steel industry in a centralized economy and in the UK ;   Figure 38.3 
shows a typical organization for a research association. 

38.4   The educational role 

A further important function of a research and development department or 
institute is education.   This has two aspects.   The more obvious educational 
process is transmission of laboratory developments to the process plant, and 
eventually the complementing of plant-based staff with laboratory personnel 
experienced in high technology.   But, if the institutes work well, there should 
be a counter-flow of information, experience and even personnel from the 
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plant to the research institute.   Only in this way can the laboratory become 
sensitive to the practicalities and exigencies of the process plant itself.   This 
can be of great importance where long traditions of professional and 
educational elitism have insulated the highly qualified scientist or engineer 
from the shop floor. 

A steel industry research and development department could also fulfil 
another educational function.   In planning the deployment of resources in an 
environment of rapid industrial development, such as Brazil's, no single 
industry can be considered in isolation.   The iron and steel industry, which is 
the key to so much other industrial development, could be instrumental in 
training professional research and development staff who would eventually 
pursue their research activities in a wider industrial context. 

38.5 Educational requirements 

A research and development capability can only be maintained if there is a 
readily available supply of suitably qualified scientists and technologists.   About 
one quarter of the staff would normally te qualified scientists - in the case of 
Brazil, say 600.   These, typically, will be people with high formal qualifications 
in metallurgy, physics, chemistry, engineering etc. , but could also include 
social scientists such as economists and psychologists.   Not only should the 
staffs be academically qualified, however;   it is desirable that some, at least, 
have experience of work in other industries, so that research will not be cut off 
from the needs of the manufacturing user, and will be exposed to the influence 
of methods and ideas from other fields. 

I 

The research scientist will be basically university educated, though with 
the establishment of research institutes, it is quite possible that his professional 
formation could be completed there.    It is important, however, that all research 
bodies see part of their job as the continuous education of their own staff and others 
from elsewhere in the industry. 

Increasingly in research and development the scientist can function only as 
part of a team, especially where research is organised on a large scale.    His work 
can be done only with the assistance, of high gradi? skilled technicians who may well 
constitute 75 percent of the staff.     Training for them will probably fall to technical 
colleges and vocational training institutions, but research centres themselves, 
inside and outside the steel companies, must also play an important part.    Training 
is just as important for technicians as for professional scientists, and comparable 
attention and resources must be devoted to it. 

More detailed analysis of educational requirements is presented in Chapter 39. 

38.6 General conclusions and recommendations 

There are a number of subject areas which warrant detailed attention by the 
Brazilian steel industry and may yield substantial benefit in the context of its 
long-term development.     Before discussing them, however, two general, 
but very important, points must be made. 
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Firstly,Braxil will, in the long-term, derive more benefit from research 
and development undertaken in other countries than she will from her own 
practical efforts.    This is true of all but the few largest steelmaking nations, and 
may even be true of those as well.    It is essential that a communication network 
be set up to monitor research and development abroad, and to ensure that this 
information and the results of internal research and development are channelled 
to all those parties which may find them useful. 

The second point concerns the principle of selectivity and concentration of 
effort in research and development.    The amount of effort devoted to each area, 
in terms of manpower and facilities, must be sufficient to ensure a good chance 
of making a significant contribution to the overall economics of the Brazilian 
steel industry.    The threshold effort needed to achieve significant results in 
some areas is high.     These facts mean that the number of topics upon which 
practical work is undertaken should be carefully restricted.     It will be far 
better to devote effort to monitoring foreign work on a given subject than to 
devote a weak Brazilian research effort to it.     Weak research efforts produce 
insignificant results and also weaken effort on other topics which receive less 
attention than they might otherwise. 

Readily identifiable areas worthy of detailed study are discussed below. 
Some work can be undertaken in research laboratories, in or out of die steelworks. 
Much of the work should,however, take the form of trials on industrial plant. 
It is likely that the trials would have to be devised, observed and analysed by 
researcli staff from outside the works, collaborating with operating and technical 
staff within the works.   A great deal of information can be obtained from such 
trials provided that they are efficiently organised. 

I 

Sint e ring _ 

The importance of sinter quality has been discussed in this report.   With 
large blast furnaces planned for very high output, strong well-sized sinter is 
essential.    Substantial saving can be achieved by reducing the recirculating 
content.    The economies in blast furnace operation offered by superfluxed 
sinter and the possible savings In coke breeze which can be achieved by mixed 
fuel practice on the sinter strand, both warrant industrial trials in Brazil and 
the very careful monitoring of foreign results.    The possibility of alternatives to 
conventional coke breeze, made from cheaper non-coking coals by carbonising 
and perhaps briquetting, should also be examined. 

I 

Cokemaking 

The greatest savings in steelmaking costs in Brazil can be obtained by 
reducing the effective cost of the coke in the blast furnace.   This can best 
be achieved by reducing the cost of the coal feed which now consists largely 
of costly imported coking coal.    Two avenues of opportunity are open.    The 
first involves coking cheaper coals in conventional slot ovens and the second 
involves using cheaper non-coking coals to make formed coke. 

The first method of decreasing cost involves selective crvshing of the coal 

tf* 
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charge;  the more uniform distribution of the various constituents often making 
it possible lo include a substantial proportion of weakly coking or non-coking 
coal.    Trials could be arranged at one of the new coke oven batteries, using a 
variety of cheap coals. 

The second method requires the construction of small scale formed coke 
plants.   Three promising processes have been discussed in Chapter 9 and one or 
more of these should be tested.    Installations can now be purchased from the 
plant manufacturers.    Full scale industrial trials require stockpiling of 
sufficient formed coke briquettes. 

As there is no coke research organisation in Brazil the work would have to 
be undertaken by the steel industry itself. 

Direct reduction of iron ore 

The bases for the operation of the important direct reduction processes 
are established, but at individual locations tests are required on the raw materials 
to be used.    The existence in Brazil of an SL/RN plant and an HyL plant will 
provide an excellent opportunity to obtain valuable information on both these 
processes and quite clearly the centres of research and development activity 
in these processes should be located at the plants. 

A method which may be important for the future of the Brazilian 
steel industry is the Midrcx gas reduction process.    No plans are laid for an 
installation in Brazil but information on this process should be accumulated and 
world developments closely followed.    Hie study programme should involve 
visits to existing plants whenever this can be arranged. 

Developments in the use of nuclear energy for ironmaklng miy be regarded 
as too distant for Brazil to wish to become heavily Involved at this stage but, with 
her important uranium ore deposits, a nascent atomic energy research capability, 
and her coking coal problems, such developments should be closely followed.    The 
possibilities of collaboration with Japanese or with American or European 
interests could be explored but Brazil would not of course expect to carry out a research 
programme of this kind herself at this stage in the development of her Industry. 

Steelmaking 

The problems in this field are mainly those of achieving good performance Indices 
with standard processes operating under Brazilian conditions.   There have been 
developments in electric arc steelmaking which Brazil must become fully 
familiar with, but none of this involves research or trials. One area which Is novel is 
electric arc steelmaking with reduced pellets and no doubt extensive in-works 
trials will be undertaken on thin subject.    Similarly it may be thought worthwhile 
to convert one of the older steelmaking «hops for SIP or OilM trial«. 

Sp^dalsteels 

A great deal can be done to translate to Brazil the expertise of other 
steelmaking countries In special steelmaking.    This will probably entail 
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setting up a small group of specialists to visit all the Brazilian plants and to 
visit overseas installations and monitor progress In the field. 

Casting 

Several developments are taking place on continuous casting which may offer 
advantages.   One area which must be studied carefully is die continuous casting 
of rimming steels and it is essential that all the problems are solved if die long- 
term plan  is to instai no further ingot casting plant.   A high degree of success 
in slab-casting rimming steels is claimed in the USSR and this should be 
followed up in Brazil. 

Product development and_ substitution 

As a primary material producer, the steel industry has little opportunity 
itself to develop end-products and to introduce steel as a substitute for other 
materials.   It can co-operate with manufacturers of each product in order more 
successfully to accommodate dieir needs.     There are two end-product areas 
Where research and development by the steel industry itself would be valuable - the 
use  of   steel as building and as packaging material.    Improvements in structural 
design involving reinforcing bar or structural steel should be well within the 
domestic research and development capability.   More important, however, would 
be a rigorous assessment of the opportunities for steel as a packaging material, 
especially in canning.    The most important canning material is tinplate but 
other coated products will be used.    The techniques of differential coating, plastic 
and lacquer and, in the longer-term, tinfree steel will also require attention. 

Malmena nee jengin_ee_ring_ 

The importance of effective maintenance in reducing the costs of iron and 
Bteelmaking should not be underestimated.     Increasing attention is being paid in 
the world's industry to this subject, now designated tero-technology, and it is 
likely to justify a central group in Brazil accumulating information and disseminating 
expertise within the country. 

Automation 

With so much very modern plant being installed over the next few years 
Brazil should devote considerable effort to the study of the advantages of auto- 
mation.    The threshold cost of an effective steelworks automation research 
group and a programme of trials is rather high but the long-term benefits could be 
very large. 
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CHAPTER 39 - EDUCATION AND TRAINING FOR THE STEEL INDUSTRY 

Establishing industrial capacity in a developing country makes great demands 
on a whole range of infrastructure,   especially social, institutions.   Education is 
one of the most important of these since there is no substitute for a literate and 
trained or trainable workforce.   The higher the level of technology of an industry, 
the more it will rely on high levels of formal education and training together 
with what can be termed educational competence, the capability of usefully 
applying formally acquired skills.   There is an immediate difficulty for 
industrialising countries inasmuch as they require educated and trained workers 
in advance of major development programmes, and yet have to make do in the 
short term with an educational apparatus appropriate to a pre-industrial or 
quasi-industrial society.   In consequence, there is competition between 
industries for available qualified men, and firms themselves will resort to 
costly and inefficient expedients to make up the lack.   The steel industry will 
not be excepted from these difficulties; indeed since it v/ill require many specialists 
who can only be found within existing steel companies, its situation will be that 
much more difficult. 

The requirements of a nascent industry for formally qualified staff can be 
estimated by using asa norm the numbers employed in successfully developed 
examples of the industry.   Similar inferences can be made, though less easily, 
•bout the education and training of work staff without formal or academic training. 
The following  articles     give a preliminary estimate of the total requirement 
and an outline of the institutional development that will be necessary to achieve it. 

The Brazilian steel industry at present employs about 82,000 people but when 
compared with the USA and Japan its labour force is higher by a factor of three, 
per tonne of steel produced.    Therefore, although by 1980 steel production is 
expected to treble, it is unlikely that the industry would require a similar increase 
in total labour force.    However, with the installation of modern plant and 
equipment and with the attainment of higher performance standards, emphasis 
will be placed on the requirement for more technical and skilled operatives, 
rather than unskilled labour.    Recruitment of these types of personnel is a 
long-term process and the Industry, with the aid of Government and other national 
institutions, must lay careful plans to satisfy this demand. 

435 
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39.1  The requirement for qualified sU'ff 

Altliough the aims of steel industries around the world and their problems 
are similar, their methods and solutions vary considerably.    This is equally 
true of social institutions such as education and training.     Behind the common 
need for skilled, trained men arc differing ideas as to how and where training 
should be undertaken.    One obvious example is the difference of opinion between 
European universities on the one hand, and US and Japanese on the other, as 
to their roles in vocational training.     On the whole, European universities 
eschew the purely vocational with the result that their technological education 
tends to be theoretical, and if it is to be practically applied, requires that 
graduates complement it with some kind of shop floor apprenticeship.     US and 
Japanese universities provide fully vocational training while incidentally 
conferring academic status on it. 

I 
This difference in the function of universities has two results that concern 

us here.   The first is the problem of resolving what should be a desirable ratio 
of formally qualified men to others in the steel industry, based on the practice 
of mature, efficient industries elsewhere in the world.   If, for instance, with 
the approval and co-operation of the industry, universities set up degree courses 
in steelworks management and similar vocational aibjccts, it is likely that there 
will be more graduates in the industry - in fact, the diploma will become a 
condition of eligibility. Where university courses are less specific, it will be 
more fortuitous whether graduates enter the steel industry or other industries 
and it will be more difficult to forecast the number that will be available to 
the steel industry.   It is likely that under this system there will be fewer 
graduates in the steel industry and more men who have qualified in other ways. 
Tills is not to say that, other things being equal, either system is intrinsically 
preferable; some ramifications of the two situations will be discussed later. 

I 
The second point is that there is no easy way of comparing proportions 

of qualified employees from country to country, since even the nature of 
qualification is variable.   We have had to infer the proportions from break- 
downs of work forces according to functional category:  managerial and 
professional, supervisory, skilled and semi-skilled, and unskilled.   We have 
assumed that all managerial and professional staffs would be formally 
qualified, half of the supervisors, twenty-five percent of the skilled and semi- 
skilled category, and none of the unskilled.   A round total figure of 120,000 
has been taken as the number of people who will be employed in the 20 million 
tonne steel industry.   On this basis, with manpower and management deployment 
in accordance with accepted good practice, the relative numbers and proportions 
of the workforce estimated in each category are shown in Table 39.1. 

39..2   Types of education : nd training 

Managerial/professional staffs are likely to be educated in universities 
or the equivalent, while supervisory and skilled men will have a technical 
education.   Following the analysis in Table 39.1 above, there will be 2,000 in 
the first category and some 22,000 in the second two groups.   Although 
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TABLE 39.1 ESTIMATED MANPOWER DEPLOYMENT IN 
THE 1980 STEEL INDUSTRY 

Managerial/ 
Professional 

Supervisory 
Skilled/ 

Semi-skilled 
Unskilled Total 

Number 

' % of total 

Number qualified 

Number qualified 
as % of total 

2,000 

1.7 

2,000 

1.7 

14,000 

11.7 

7,000 

5.8 

60,000 

50.0 

15,000 

12.5 

44,000 

36.6 

0 

120,000 

100 

24,000 

20 

> 

I 

I 

these figures seem quite large, the requirements do not appear difficult to 
meet when set against the national plan's projected education provision 
levels for 1973. 

Implications of echicatjonal patterns 

The organization of Latin American universities owes more to the 
European than the American model, and reflects educational and social 
values of the Old World rather than the New.   Tins must be recognised and 
allowed for when planning for the role educational institutions are to play in 
Industrial development.   Universities recruit very largely from sections of the 
community for whom technological management in industry has historically 
been unattractive.   As a corollary to this, university science and technology 
courses have in the European   manner rarely been vocational.   The result 
has been that university graduates have not been well qualified to enter the 
operational side of industry, and generally have not done so.   Only 2 percent 
of Brazilian steel industry employees are graduates, as against 12 percent 
in Japan. 

This situation in itself would not be serious for industry, if technologically 
trained staffs were available from elsewhere in the educational system to fulfil 
operational management functions.   To a great extent such men are available 
but not for induction into responsible management echelons owing to the close 
parallelism between the educational system and the social/income structure, 
with its wide differentials. 

The results of this situation for the steel industry are potentially quite 
serious, especially in view of the current expansion programme.   At present 
too few graduates are attracted into operational management as distinct from 
the practice within the industry of their professional skills.   Universities tend 
to concentrate on the inculcation of professional technological skills rather than 
adapting their courses and indeed their educational philosophy to comprehend the 
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exigencies oí industrial organisation.   Meanwhile management is strongly 
inhibited from recruiting to its ranks from the numbers of lho.se with vocational 
training and first hand experience of steel making processes. 

University education 

Achieving a modest improvement in practice up to best European levels 
would require that the steel industry roughly triple the number of graduates 
employed.   This would involve increasing the numbers of higher managerial 
staffs with university technological qualification, bi¡t more important than that: 
would be the introduction ol graduates to the lower 'supervisory' and 'skilled' 
employment levels. This is already common in Japan, and is becoming more 
so in the UK. The result oí such a policy would be to improve the quality of 
staff at this level, but more important in the long run it would pave the way to 
more closely integrated supervisory and management functions. Management 
woald eventually be leavened with cadres possessing factory floor experience, 
and in turn communications between the two levels worn 1 improve with the 
disappearance of the social/income ri ft between them. 

The general prescription for Brazil's university education system with 
respect to the requirements of the steel industry is thus not only that it 
should increase its output of graduates, important as this aim is.   It must 
also co-operate with the steel industry in designing courses which will more 
effectively and immediately meet the industry's requirements.   The steel 
industry must meanwhile seek to place graduates in sub-managerial supervisory 
positions, creating management structures which will facilitate movement of 
personnel from one level to the other. 

Technical education 

The expansion of technical education, which planned industrial development 
will require, must also involve an overall improvement in its quality, so that 
ultimately there is no sharp break between this and university-based education; 
above all, there should not be a sharp division of status between the two.   It 
is no accident that Japanese effectiveness in steel production has been accompanied 
by the breakdown of much of the traditional system of instituationalised status 
attaching to education and occupation.   The graduate blast-furnace foreman 
is commonplace in Japan, but so is his promotion to plant manager and beyond. 

In technical education it is even more necessary that there be constant 
communication between the shop floor and the training centre.   Although formal 
qualifications demand systématisation of syllabuses, for example, these should 
be flexible and readily altered to keep ahead of factory requirements. 
Teaching staff should be allowed frequently to update their own experience 
of factory processes.   Provision could profitably be made for much of the 
instruction given to come from experienced factory operatives themselves. 

Not only should instructors renew their plant experience, but plant workers 
themselves at all levels should be encouraged to regard education as a 
continuing complement to their own work.   Further training can be presented 
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to operativos as a mains of self-improvement and advancement, while to the 
employer il is a means of making   his staff more efficient and effective. 

39.3   TIic or¡ranisation of education and training 

Education can be regarded as an expensive long-term investment where 
it is difficult to determine how the I .cuefits accrue.    The solution adopted by 
most socieues ic to make education the responsibility of the state, so far as 

most investment is concerned, though some measure of private organisation 
and funding is permitted.   Thus, although the steel industry in many countries 
is in private hands, the formal education requirements of the industry are 
met by stale institutions.   The- practical explanation for this arrangement is 
that while formal education must be made available for the well-being of the 
industry, individual small enterprises would not or could not provide for 
themselves.    There are further advantages to state organisation.   The state 
is able to standardise and maintain the quality of education, and it can promote 
fruitful interaction beiween different branches of the educational system. 

The role of the universities here lias been outlined already.   They provide 
an academic style of education in which distinct intellectual standards are 
maintained.   However, the distinction between university education and higher 
level technical training can be expected to become more blurred; the idea 
of the 'technological university' is established in Brazil, and is bound to 
become more popular.   Universities are usually distinguished by standing 
slightly apart from the mainstream of industry, and to that extent are autonomous. 
This is not to say that they can afford to allow themselves to become insulated 
from industry's requirements. 

In vocational training institutions the relationship with industry must be 
closer, since it is here Hut operatives will learn the basis of operating and 
managing actual processes.   So close does the relationship become and 
correspondingly so much more immediate the benefits to the industrial firm, 
that in the UK at least it lias been thought proper to fund much of this 
training from a levy on the industry.   Tins is a solution which might well 
commend itself in Brazil, in view of the strong competition for public funds. 

Every encouragement should be given by government to firms wishing to 
institute their own education and training schemes.   Some minimal training 
must be given to otherwise unskilled or semi-skilled workers, but it is 
possible for larger firms to go further than this.   With tax concessions and 
judicious grants, the government could ensure that a firm's unique ability to 
provide training close to if not on the factory floor is exploited.      In like 
manner,research organisations inside and outside the Arm could be encouraged 
to offer education and training in their specialities to selected staffs from all 
over the industry. 

Current and planncd_p_rovi_sion 

It is impossible without a detailed analysis of the needs of the whole 
of industry to decide whether the forecast levels of educational provision in 
Brazil will lie adequate for the steel industry.   At planned 1973 levels the 
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annual output of university graduates in technological disciplines will be about 
10,000, and of technical trainees of graduate level attainment, about 15,000. 
The plan for the steel industry of 1980 envisages some 8 percent of employees 
with tills level of educational attainment,that is about 9,000 - 10,000 men.   To 
maintain this level, an annual induction rite of about J ,000 graduates would be 
required over the industry as a whole, or 4 percent of the technologically 

qualified output.   Since the contribution of the steel industry to brazil's GNP 
will also be of the order of 4 percent, we can say that the industry would 
certainly take no more graduates than the share due to it on this account.    The 
steel industry will, however, provide au essential prime material for man- 
ufacturing industries producing no less than a quarter of the total GNP, and should 
in consequence be allowed some priority in recruitment. 

39.4  The transfer of technology* 

One of the most important functions of institutions for technological 
education in an industrialising country is management of the importation of 
technology.   This is broadly achieved in two ways, passively by the assimilation 
and rebroadcasting of new ideas in foreign publications, actively by the 
engagement of foreign teachers or the dispatch of teachers or students abroad. 
These processes all required careful organisation and planning.   It is under- 
stood that there are plans to set up an organization in Brazil to organize  the 
transfer of technology. 

In a country such as Brazil with highly capable elites within the educational 
system and the steel industry, there is no problem about the assimilation of new 
technology.   Difficulties only arise at the stage of dispersing edited information 
to those who will make and operate new machinery and modify the old.   Those 
who acquire the first news of now developments typically have little motivation 
or practical capability to implement   them, and a great status and comprehension 
gap separates them from men, on the shop floor for instance, who could 
manage the detail of implementation.   A concerted drive from within the steel 
industry and the educational institutions to improve this kind of communication 
will be essential to the future health of the industry. 

Motivational questions are also prominent in the diffusion of new technology 
by employing foreigners or by sending one's own staff abroad.   Both in the 
case of staff taught by the foreigner and those sent abroad for training, care 
must be taken that those chosen have sufficient weight witliin the firm to be 
listened to in their turn, to put to use what they have learnt.   Equally they 
should not be of so high a status as to be made uncomfortable, and thus 
unreceptive, by being placed in a learning situation which they may perceive 
as a potential threat.   At the same time, the expatriate teacher must be 
sensitive enough to learn rapidly how to reach his pupils, for example, by 

* UN IDO Workshop on Creation and Transfer of Metallurgical Knowhow. 
Jamshedpur   -  December 1971 (ID/WG110) 
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taking account of their own values and motives.    These remarks apply in 
principle equally to the case of the pupil overseas, though here the home 
country has little control of the situation.     Then, once the initial transfer of 
technological information has hcen achieved, the strictures apply as before to 
its diffusion to people who will realise it as new processes. 

A research and development centre can also become the means of 
introducing ideas and information from abroad to the domestic industry, 
improving on them or adapting them to local conditions.     In the same way, it 
can publicise domestic development abroad, allowing the home industry to 
profit from advertisement or even from licensing and development contracts. 

It is likely that in terms of the numbers of technologically qualified staff 
required by the expanding steel industry, the Brazilian educational system 
should have little difficulty keeping pace.     This will be even truer if the steel 
industry is allowed some priority nationally in the recruitment of suitable 
personnel.    Rather more difficult will be the matter of using the educational 
system as a means of breaking clown status and communication barriers to the 
dispersion of technological 'know-how', and as a means of cultivating pre- 
disposition to implement new ideas. 

39.5  Conclusions and recommendations 

If the planned pace of development is to be achieved in the Brazilian steel 
Industry, it will be necessary to have effective manpower.    Without this the 
improvements in operating practice will not be attained, and the new works 
planning will not be properly implemented. 

The capability for achieving the desired level of training at all levels of 
operation and management in the industry already exists in Brazil; it requires 
mobilising to service the particular requirements of the steel industry. 

Central manpower planning will play an important part in the development 
of all Brazilian industries;  we recommend that the steel industry should give a 
lead by making an immediate detailed study of its management and skilled and 
semi-skilled labour requirements during the next ten years.    The information 
gained from this study should then form the basis for programmes of education 
and training to be implemented in the various centres of learning. 
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CHAPTER 40  - RECOMMENDATIONS FOR ACTION 
IN PLANNING TIIE BRAZILIAN IRON AND STEEL INDUSTRY 

I 

I 

40.1 The planners 

The implications of world technological trends will influence decisions at all 
levels, from government encouragement of growth in specific sectors to decisions 
on the modernisation or expansion of individual works. 

It is clear that die larger works must embrace, or displace, the smaller 
units in the fullness of time so it is vital that the overall strategy for the industry 
is defined in a way that allows the development of each enterprise to be seen in 
context. 

CONSIDER, the agency responsible for undertaking the Brazilian Govern- 
ment's part in this work, will be directly concerned with the recommendations 
Bet out in this chapter, but it is also important for the industry itself to 
participate fully in the planning of its own future. 

To ensure that the new equipment to be installed is designed to the latest 
world standards, we recommend that a central advisory panel he set up to 
appraise and monitor world -wide plant design trends.   This panel, which could 
be established by either CONSIDER or IBS, could be consulted by those 
responsible for planning the building of new plants or the expansion of those 
already in production.   Such a panel would also be of assistance in the successful 
development of the Brazilian iron and steel plant manufacturing industry. 

CONSIDER, and the industry, will be wise to minimise the effort required 
to formulate and specify die tedino-econometric models needed to resolve the 
interactive situations which comprehensive planning generates;   this can be done 
by using specialist planning consultants, thereby leaving the Brazilian planners 
greater freedom for analysis and evaluation of strategic options. 

Once the main task of establishing the overall strategy for the industry has 
been completed, the planning of individual works will require further effort. 
This may also be most economically done by using consultants to assist company 
management over the peak of effort required to prepare the detailed plans. 

40.2 Studies of key decision areas 

The strategy resulting in a plan for the Brazilian iron and steel industry in 
1980 will embrace the production in perhaps 60 different plants each with an 
average of five or so process centres.   In consequence there will be between 
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300 and iOO decisions to be made on plant capacity and location.   These 
decisici!:  r.ill into two groups;   firstly there are the key decisions needed to 
shape tin  liK'usti-y to meet the future demands placed upon it, in the context of 
IIKKL'H' •    :     ' .jry and the Brazilian environment.   These key decisions are 
closely i„    r ¡atcd and can only be determined by carrying out planning studies 
to eytabJii'.li t'¡e relationships, and to qualify the interactions between them. 
The second and larger group is more straightforward, comprising logical 
extensions of the key decisions and decided by technological parameters only. 
We have identified thirteen major studies which constitute components of the 
total strategy.   These are: 

a market/product evaluation for packaging materials. 
a detailed survey of pipe and tube products. 
a detailed survey of medium and heavy section demand. 
an evaluation of d¡r¡\. rent locations for a continuous hot strip mill, and 
tinplate plant. 
a study of scrap availability and utilisation. 
a study to determine- the stcelmaking policy for the non-flat product sector. 
a study of'feedstock sources for special stcelmaking. 
a review of mill capacity in the non-flat sector in relation to steel qualities 
and products required. 
a study of the economics of rolling stainless and other special steel sheets. 
a study of product standards and quality. 
a study to specify performance indices appropriate to the industry. 
an evaluation of the technical characteristics of transportation which are 
of importance to the steel industry. 
a study of the availability of fuel   and reducíanos, with special reference 
to formed coke. 

We envisage that the content of each of the sub-studies, and the results 
required from it, will be in accordance with the following digest: 

Market/product evaluation for packaging materials , 

The competition between the various packaging materials is continuous. 
For Brazil, developing in all product sectors, it is Important to be fully aware 
of the current advantages which each material has to offer.   It is equally 
Important to be aware of the technical characteristics of each market so that 
the degree to which product substitution is practical, as distinct from 
economic, is known.   We therefore recommend a study of packaging needs, 
particularly of those industries now using tlnplatc,to establish what packaging 
trends may influence their demand for tinplate and also to what extent alterna- 
tive steel products,  such as tinfree steel or lacquered sheet, may be substituted 
fer tinplate. 

Market survey otj)ipe and_tube products 

The only indication of a pipe or tube market demand given in the Technometal 
report is for seamless tube.   We regard it as essential to establish the pipe 
and tube market demand in more detail, because of the multiplicity of tube 
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making processes, each suited to a particular range of products.   We note the 
continuing trend of replacement of seamless pipes by welded ones and are, 
therefore, inclined to reyard the market forecast for seamless tubes alone 
as unreliable.   This study must be completed before decisions can be made 
on provision of pipe ani tube making capacity.   Il will also rcllect upon the 
demand for billets for tube roriids and narrow siali« for skelp. 

We consider this study to be an essential input to the decision making on 
section mill capacity. 

Hot strip mill and tingiate r^l^bcjatjoi^sjtu^ 

We have noted in Article 36.1 the key alture of the decisions relating to the 
location of the next hot strip mill.   This study must cover the evaluation of 
alternative sites (in terms of the iron and steelmaking capacity required to 
support the mill at full capacity), the range of products to be rolled, the extent 
to which these are to be further processed on the same site or despatched to 
other mills and the effect of the new mill on existing hot strip capacity.   This 
study will determine the shape of the flat product sector in 1980; all other 
decisions about provisions of capacity arc subordinate to it. 

The demand for additional tinplate production facilities appears to justify 
the building of a complete new unit comprising cold and temper mills, pickling, 
annealing and tinning lines.   It is not imperative that such a plant be sited at 
the hot strip mill which supplies it.   The study should also cover tic various 
options of extending existing facilities and of building a new unit at locations 
having such advantages as a pool of labour, a transportation mode or a larger 
tinplate market. 

Scrap availability and utilisation jstudy 

This study would be an amplification of previous work to establish the following: 

(i) quantities of various qualities of scrap available in each location. 
(ii) quantities of various qualities of scrap required for each steelmaking 

process. 
(iii)  levels of scrap mobility. 

SurvoyjDf_medium and beavy_sections^ 

The Technometai report gives a single tonnage to cover this wide range 
of products.     We have remarked that heavy structural sections are now usually 
fabricated from universal plate.   Ship profiles in the large sizes are also 
produced in this fashion.   Universal beam mills are now the recognised method 
for rolling medium structurais up to say 550 millimetres and may even be 
used for rail production. 

The tonnage required seems small compared with the general growth of 
the Brazilian economy and so we consider it important to establish, in this 
survey, how much demand could be stimulated by the knowledge that, for 
example, universal sections were available. 
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The study would lia ve two outputs.   The first would be an overall appraisal 
by region, of the scrap position.   The second output, would be a forecast of the 
amount of quality scrap available for special steel production. 

Steclmaking policy for non-flat product sector study 

In Article 36.2 wc have given a preliminary indication of the content of this 
study.   The objective of the steelmaking policy is to make the best use of raw 
materials.   This implies using as much scrap as possible without creating 
a "shortage". 

This study involves the entire industry since the steelmaking practice 
in the flat product sector must also be studied to establish what calls on outside 
scrap are to be made by tliat sector. 

The object of the study is to determine the amount of steclmaking capacity 
that can be scrap-based and broadly where it is to be located. 

Study of feedstock sources for special steelmaking 

This study builds on the scrap utilisation study and also has to be related 
to the steelmaking policy study for the non-flat sector.   The objective of tills 
study is to detenu ine the amount of quality feedstock available for this sector 
from the scrap supply and whether alternative supplies must be planned. 
Alternatives may be : 

- the building of a small BOF steelplant for non-common steel using hot 
metal from a neighbouring large works. 

- the building of a small BOF steelplant complete with Klkem smelters. 
- the supply of sponge iron for steelmaking using electric arc furnaces. 

This study comprises an inventory of existing finishing mill capacity, 
classified by product mix, product quality and development potential. 

Study of rolling options for special steel sheets_ 

This study should deal with the process economies of alternative options 
for rolling stainless sheet, grain oriented electric sheet and other special 
sheets.   Options will include hire rolling of hot sheet in the main flat product 
sector and tho building of a CRCO sheet production unit. 

Product standards and quality study 

The purpose of this study is to review the market requirements for standards, 
and specification of quality, to ensure that provision is planned for adequate 
facilities within the industry to meet these requirements.   The study will 
identify the standards and quality levels relevant to product groups, and will 
indicate opportunities for rationalisation to meet the requirements laid down 
by different markets. 
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Specification of pprformjuice iijdi_ces_ 

The evaluation of both existing and proposed plant facilities can only be 
don- satisfactorily if clearly defined indices are used to describe plant 
performance.   To some extent this work can be done in parallel with the 
setting up of management information systems which we recommended in 
Chapter 6  However, it should >3 noted that performance indices for planning 
purposes are not usually the same as those needed for day to day control of the 
plant, although they are, of course, derived from the same basic data. 

Transporta ti on_ study 

There are three main transport situations facing the planners of the 
Brazilian steel industry.   Tinse are th?. lar-e scale movement of raw materials 
and finished products in the "industrial triable", the support of markets remole 
from this triangle which may be large enouj-.h to justify local works, such as the 
South and the North Cast, and the possible large scale transfer of semi-finished 
products (particularly billets) between works. 

Kach situation has different handling characteristics both in terms of 
product packaging and loading equipment.   Also some products or materials 
may require specially designed transporters.   An economic evaluation of 
the alternatives and an assessment of the probable form of transport 
development, are the main outputs of this study. 

Fuel and reductant_ study 

It is clear that the industry is going to depend heavily on blast furnace 
production of hot metal.   Thus a study of all the alternative options to using 
metallurgical coke must \y made to establish an overall policy for the 
industry on reductant consumption.   This study vili deal with:   the techno- 
logical evaluation of possible coals available to Brazil, both indigenous and 
imported;   the developments in cokemaking and formed coke production; 
and the economic ranking of the various options. 

40.3 Overall strategy for the industry 

The strategy for the whole industry embodies the sub-strategies for the 
three main product sectors;  these may be studied as a totality using the 
sub-studies outlined in the previous article as input data.   The relationship 
between the sub-studies and those of the industry as a whole is shown 
diagrammatically in Figure 40.1. 

The techniques for the evaluation and optimisation of the capacity of each 
works, and its parts - and, similarly, of the industry as a whole - have been 
explained in a paper by Mills and Soan. *    Representative examples of 'model' 
works that must be created when planning future capacity are given in 
Appendix 3. 

When a decision is taken to make an overall plan for an enterprise, it 
is a temptation to try to complete the whole study in minimum time.   Although 

* Determination of Optimum Capacity of the fully-integrated Iron and Steel Plant 
and its Parts - UNIDO Second Jntcr-r gional Symposium on the Iron and Steel 
Industry - Moscow, 19 Septem lier - 6 October 1968. 
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delay reduces the validity of the data gathered, undue haste is also to be 
deprecated.   The magnitude of the task of planning an entire industry is such 
that it is not practicable, because of manpower and organisational limitations, 
to plan it all simultaneously.   Under these circumstances it is preferable to 
prepare quickly a total plan in outline, and then to concentrate detailed study 
on the more urgent aspects.   Of the key decision areas identified in Article 40.2 
we consider that the following deserve the highest priority: 

the hot strip mill (and tinplate plant) location study; 
the scrap availability and utilisation study; 
the steelmaking policy for the non-flat product sector study, 
the study of feedstock sources for special steels 
the fuel and reductant study. 

It is also important to complete, at an early stage, the spécification of 
performance indices because this will determine the accuracy of all future 
planning. 

Once established, the strategy must be continually reviewed and revised 
to take account of technological developments and socio-economic pressures. 
It must be remembered, however, that while die strategy can be changed very 
quickly in response to outside influences, the resulting rcplanning can only 
take place in stages which are governed by the siz.e and frequency of develop- 
ments that can be countenanced at individual plants.   It is for this reason that 
at no time can any industry be regarded as truly up-to-date. 
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APPENDIX 1 - BASIC PERFORMANCE DATA 

Al. 1 Definitions of performance criteria 

The definitions of performance criteria which have been used in the report 
•re given below: 

Blast furnace output index (B.O.I.) 

This index is derived from the expression: 

P(0.02B + 10) 
72(3.3D - 10) 

or, P(0.02B+10) 
19.4D2 

for furnaces with 
D more than 6.1 metres 

for furnaces with 
D less than 6.1 metres 

Where, 

P » Production of hot metal - tonnes per day 
B = Burden weight - kilogrammes per tonne of hot metal 
D = Furnace hearth diameter - metres. 

Note:  Burden weight is assumed to consist of all materiali charged into 
the furnace except coke or charcoal. 

The actual coke rate for each blast furnace Is corrected to 85 percent 
fixed carbon.  Where fuel oil injection is practised, the amount injected at the 
tuyeres is converted to an equivalent amount of 85 percent fixed carbon coke on 
a thermal basis, assuming that an 85 percent fixed carbon coke would have a 
net calorific value of 29 megajoules per kilogramme.    The total corrected 
coke rate is then derived by accumulating the above items as appropriate. 

449 
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Corrected charcoal rate 

The derivation of corrected charcoal rate for blast furnace operation is 
based on the same principle as that described for the derivation of corrected coke 
rate except that the fixed carbon content of charcoal is corrected to 76 percent. 
The equivalent amount of charcoal corresponding to injected fuel oil has been 
calculated on the basis that a 76 percent fixed carbon content charcoal would have a 
net calorific value of 29 megajoules per kilogramme. 

Al. 2 Levels of performance 

The performance levels of the various manufacturing facilities shown below 
are those which are expected to be achieved by the operators of the world's 
leading iron and steelworks in 1980.    Generally they represent the best plant 
performances currently being achieved.    These performance levels have been 
used in this report in determining process costs.   (All plant, except rolling mills, 
is assumed to operate 8,000 hours per year). 

Coke oven 

Output rating - 1.0 tonne of coke (all grades) per cubic metre of oven volume 
per day. 

Sinter_rjl_ant_ 

Output rating - 32 tonnes of usable sinter per square metre of effective 
grate area per day. 

Kastfjurrace 

Output rating - 3 tonnes of hot metal per cubic metre of effective furnace 
volume per day. 

This rating is based on the following practice: 

Fe bearing burden 

Coke rate (dry basis) 

Oil injection rate 

Blast temperature 

Top pressure 

Oxygen content of blast   24 percent 

Sized lump ore containing not less than 
64 percent Fe and/or self-fluxing sinter 
or oxide pellets with equivalent Fe content*, 

420 Kg per tonne of hot metal 

60 Kg per tonne of hot metal 

1250°C 

2 atmospheres 

• Brazilian furnaces have been assumed to operate on 100 percent sinter; 
international furnaces on 60 percent sinter, 40 percent lump ore. 
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BOF Steelplants 

Furnace Size                 Cycle time 
( annual average) 

(minutes) 

Rant 
Utilisation 
(percent) 

Approx. number of 
heats per year 

Less than 100 tonne«        33 90 14,300 

More than 200 tonnes        33.5 90 13,500 

Electric arc steelplants 

Plant 
Utilisation 
(percent) 

Furnace size                 Cycle time * 
(annual average) 

(minutes) 

Approx. number of 
heats per year 

Less than 50 tonnes          180 90 2,600 

More than 100 tonnes        240 90 2,000 

Continuous casting machines 

Output ratings: * * 

Billet production (100 mm x 100 mm) 
Bloom production (250 mm x 250 mm) 
Slab production (1500 mm x 250 mm) 

14 tonnes per hour per strand 
28 tonnes per hour per strand 

120 tonnes per hour per strand 

The above ratings are based on the following condlt ions: 

Maximum pouring time 70 minutes 
Reset time 30 minutes 
1 standby machine to every 3 casting machines. 

Rolling mills 

Plant availability 
Plant utilisation 

7,000 hours per year 
90 percent of available hours. 

* Basad on carbon steel production 

•• If "continuous continuous" casting is practised • when mor« 
than one heat of steel is cast in sequence - the output ratings 
and material yields will increase significantly. 

> 
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Al. 3 Process yields 

The material yields of various process areas currently being achieved by 
leading iron and steelworks are set out below.    These yields have been used in 
this report when determining the levels of production required and the production 
costs: - 

Process area Material Product Yield- percent 

Cokemaking Coking coal blend Coke (all grades) 
Blast furnace coke 

74° > 
68<1) 

Sintering Fe in iron ore fines Blast furnace sinter ioo(i) 

Blast furnace 
ironmaking 

Fe in iron bearing 
charge 

Hot metal 97.5 

Direct reduction Fe in iron bearing 
charge 

Reduced product 
(Sponge iron) 

98 

BOF steelmaking Metallic charge Liquid steel 91 

EA Steelmaking Metallic charge Liquid steel 94 

BA Steelmaking Metallic charge: 
80% reduced product"' Liquid steel 
20% scrap 

87 

Ingot casting Liquid steel Ingots 98 

Continuous casting * Liquid steel 
Liquid steel 
Liquid steel 

Slabs 
Blooms 
Billets 

95 
96 
96 

Rolling Ingots 
Ingots 
Sabs 
Slabs 
Hot rolled colls 

Slabs 
Blooms 
Plates 
Hot rolled coils 
Prepared hot rolled 

coils 

90 
90 
90 
96 

96 

Hot rolled coils Prepared hot rolled 
sheets 

90 

Hot rolled coils Cold reduced colls 94 

Gold reduced coils Prepared cold rolled 
colls 

97 

Cold reduced coils Prepared cold rolled 
•beets 

93 

Cold reduced coils Tinplate 97 

Tinplate Tinned sheets 96 

Cold rolled sheets Galvanized and teme 
sheets 103 

"See footnote on previous page. 



453 
^ 

Process area Material Product Yield-percent 

Rolling (Cont'd) Dooms Billets 95 

Bloom • and Billeti Sections 90 

Blooms Rails 90 

Billets Bars 95 

Billets Wire rods 91 

Blooms Seamless tubes 80 

Billets Seamless tubes 91 

Note:     1.    Dry basis. 

2.    Reduced product of 85% metallisation, 
where metallisation is defined as the ratio 
of metallic Fe to total Fe of the product. 
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APPENDIX 2  - DERIVATION OF COMPREHENSIVE COST 
AND CAPITAL RECOVERY FACTORS 

A2.1 Definition of cost terms 

A number of different terms have been used in this report to measure the 
relative costs of alternative processes.   The diagram below indicates which 
components of the total cost of a manufacturing process are included in each 
of the terms used. 
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General works services 
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A2.2 Comprehensive cost 

The separate consideration of capital and operating costs may not always 
indicate clearly which of two alternative processes of similar apparent technical 
feasibility will represent the best investment.   If one process has a low annual 
operating cost with a high capital cost, and the other a high operating cost but 
requiring little capital, they are difficult to compare unless a single parameter 
incorporating both types of cost can be established.   This can be done by 
regarding capital as a commodity which is hired for an annual charge, and the 
addition of this capital charge to the annual operating (conversion) cost creates 
a comprehensive annual cost which supplies the single parameter necessary to 
compare the alternative processes.   The capital charge must include allowances 

I 
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for:- 

a) depreciation (that is, it must take into account the life of 
the asset); 

b) a satisfactory profit margin to cater for the cost of capital 
(dividends and/or interest payments); 

c) the absence of profit during the construction period and the 
running-in period of the plant. 

The capital charge is calculated by applying a capital recovery factor 
(expressed as a percentage) to the relevant capital expenditure.   In algebraic 
terms, the annual capital charge is given as rC and the comprehensive cost 
may be expressed as an equation: 

T«P+ rC 

where        T • annual comprehensive cost 
P • annual operating cost or conversion coat 
C • capital cost 
iC « annual charge for capital 
r « capital recovery factor 

In order to determine the appropriate capital recovery factor, a number of 
basic assumptions regarding the process, the financial terms, and the fiscal 
environment need to be made.   These include : 

I 

1) Phasing oí capital cost expenditure. 

II) Life of the project. 

lit) Commissioning rates applicable to the project, 

iv) Additional operating costs during the commissioning period. 

v) The split of capital costs between plant, buildings, etc. 

vi) Disposal values of buildings, etc. 

vii)       Method of raising capital and the required discount rate 
(gross or net of tax). 

vili) Rules governing the treatment of losses for tax purposes. 

ix) Rate of taxation. 

x) Time lag in collection of taxes. 

xi) Investment grants and depreciation allowances. 

xii)       Time lag in investment grant payments and depreciation 
allowance set-offs. 

xiii)       Other fiscal incentives. 

Two capital recovery factors were calculated for use in this study, one for 
the Brazilian financial and fiscal environment, the other for the international 
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environment.   The calculated values were : - 

Brazil 
International 

16 percent 
19 percent 

and both values were based on a required rate of return to equity equal to 
12 percent per annum in real terms. 

The bo sic assumptions made in regard to the financial parameters, and the 
detailed calculations of the capital recovery factors, are given below:- 

Brazll : 

International  : 

I 

Equity return 12 percent per annum 
Gearing: 60 percent loans; 40 percent equity 
Loan - interest @ 8 percent, 4 years grace on 

interest payment, then repaid over 12 years 
Depreciation @ 5. 56 percent straight line for all 

capital expenditure (i. e. buildings and plant) 
Profit build-up 0. 6x, 0. 8x, 1. Ox where x is the level 

of desired profit 
Additional cost in the early years -20% of capital 

expenditure 
Tax - 30 percent in South-east 
Commercial life of project 18 years 
No resale value at end of protect life 

Equity return 12 percent per annum 
Gearing 40 percent loans; 60 percent equity 
Loan - interest @ 8 percent capitalised during construction 

period, debenture type repayable at the end of the 
project 

Investment - on buildings 35 percent, on plant and equip- 
ment 65 percent 

Tax allowances : Buildings 15 percent initial + 4 percent 
annual straight 

Plant 60 percent first year + 25 percent annual reducing 
Corporation tax - 40 percent 
Commercial life of project 15 years 
No resale value at end of project life. 

Calculations _o_f_a .capital. reçpyery_f actor 

On the basis of the above assumptions, the method of calculation is illustrated 
below for the Brazilian case: - ' r 

Example - Brazil case 
Capital expenditure - US $ 1,000 
Gearing - Loans 60 percent, equity 40 percent. 



Phasing of capital expenditure: 

$1,000 

Fixed capital loan and repayments: 

•       ^ 

Capital Source of funds 

ar Phasing Exoenditure Loan Eauity 

2 5% 50 30 20 

1 45% 450 270 180 

0 40% 400 240 160 

1 10% 100 60 40 

$600 $400 
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Interest on loan @ 8 percent per annum, moratorium on interest and capital 
payments for first 4 years of operation, during which period the interest is added 
to the loan, the amount outstanding is repaid in 12 equal annual instalments. 

I 

Year Loan required Average Interest Balance Repayments 
during the year loan @8% end year 

-2 30 15.0 1.2 31.2 

-I 270 166.2 13.3 314.5 

0 240 434.5 34.8 589.3 

1 60 619.3 49.5 698.8 

2 - 698.8 55.9 754.7 

3 754.7 60.4 815.1 

4 815.1 62.5 877.6 

5 841.1 67.3 804.6 73.0 

6 768.1 61.4 731.6 W 

7 695.1 55.6 658.6 « 

8 622.1 49.8 585.6 W 

9 549.1 43.9 512.6 M 

10 476.1 38.1 439.6 « 

11 403.1 32.2 366.6 H 

12 330.1 26.4 293.6 •* 

13 237.1 20.6 220.6 M 

14 184.1 14.7 147.6 M 

IS 111.1 8.9 74.6 73.0 

16 37.3 3.0 - 74.6 
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Assessment of tax and allowances: 

458 

Year Tax Tax value Loan Tax value Profit Tax After tax 

depr. of depr. interest uf interest effect paid profit 

-2 1.2 

-1 13.3 .4 

0 34.8 4.0 

1 55.0 49.5 10.4 .6X-100* .6X-100 

2 55.0 16.5 55.9 14.9 .8X-100* .18X-30 .62X-70 

3 55.0 16.5 60.4 16.8 l.Ox .24X-30 .76x4-30 

4 55.0 16.5 62.5 18.1 l.Ox .30x .70x 

5 55.0 16.5 67.3 18.8 l.Ox ,30x • 

6 55.0 16.5 61.4 20.2 l.Ox .30x • 

7 55.0 16.5 55.6 18.4 l.Ox .30x ' 

8 55.0 16.5 49.8 16.7 l.Ox .30x • 

9 55.0 16.5 43.9 14.9 l.Ox .30x • 

10 55.0 16.5 38.1 13.2 l.Ox .30x • 

11 55.0 16.5 32.2 11.4 l.Ox .30x ' 

12 55.0 16.5 26.4 9.7 l.Ox .30x • 

13 55.0 16.5 20.6 7.9 l.Ox .30x • 

14 55.0 16.5 14.7 6.2 l.Ox .30x ' 

15 55.0 16.5 8.9 4.4 l.Ox .30x " 

16 55.0 16.5 3.0 2.7 l.Ox .30x " 

17 55.0 16.5 - 0.9 l.Ox .30x " 

18 65.0 16.5 - - l.Ox .30x ,70x 

19 - 16.5 - - - .30x -.30X 

*  Extra costs in initial years. 
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Calculation of recovery factor : 

Year Equity 
Payments 

rax values of 
depreciation 
and interest 

Net        After tax 
Total          profit 

Expenditure 

Discount 
factors 

@ 15%   < 

Present Va lues 
of Net 

expenditure 
of 

profit 

-2 20 - 20.0 - 1.254 25.08 - 

-1 180 .4 179.6 - 1.120 201.15 - 

0 160 4.0 156.0 - 1.000 156.00 - 

1 40 10.4 29.6 .60X-100 .893 26.43 .536X-89.3 

2 - 31.3 -31.3 ,62x-70 .797 -24.95 .494X-55.8 

3 • 33.3 -33.3 .76x+30 .712 -23.71 
V 

.541X+21.4 

4 - 34.6 •34.6 .70x .636 -22.01 

5 140.3 35.3 105.0 " .567 59.54 

6 134.4 36.7 97.7 ti .507 49.53 

7 128.6 34.9 93.7 •t .452 42.35 

8 122.8 33.2 89.6 
•• 

• 36.20 

9 116.9 31.4 85.5 " .361 30.87 

10 111.1 29.7 81.4 
•i .322 26.21 

22.19  * 11 105.2 27.9 77.3 •« .287 3.394* 

12 99.4 26.2 73.2 
•i .257 18.81 

13 93.6 24.4 69.2 
»• 

.229 15.85 

14 87.7 22.7 65.0 " .203 13.33 

15 81.9 20.9 61.0 
.i .183 11.16 

16 77.6 19.2 58.4 " .163 9.52 

17 - 17.4 •17.4 " .146 -2.54 

18 - 16.5 •16.5 .70x .130 -2.15 

19 - 16.5 •16.5 -.30x .116 -1.91 -.035x 

666.95 4.930X-123.7 

Profit (x) required : 

4.93X-123.7       • 666.95 

x        • (666.95+12 
4.930 

3.71 
• 

X           • 160.4 - 

Recovery factor :           t       • j.a  

tf* 
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A2.3 Working capital 

In addition to the capital invested in fixed assets, there is a need to reflect 
in the costs the financing of working capital needs.   Net working capital, in this 
context, is defined as investment in stocks (raw materials, semi-finished and 
finished products) and money owed by debtors less money owed to the creditors. 
Since creditors constitute a "cost free" source of working capital, for die 
purposes of allowing for additional financing it is necessary only to allow for 
that proportion of the working capital which needs financing on a permanent 
basis, that is, net working capital.   Further, since value-added taxes are 
counter-claimed, and since the comprehensive costs generally refer to a works 
gate situation, it is necessary to construct the net working capital requirements 
appropriately. 

In similar fashion to the fixed capital expenditure, it is possible to calculate 
a capital recovery factor which converts the investment in the net working 
capital to an equivalent annual charge.   To simplify its use, it is convenient to 
express the recovery factor as a percentage of the total comprehensive cost 
(excluding at this stage the working capital charge).   The working capital 
recovery factors used in this study are : - 

Brazilian environment - 2.8 percent 
International environment - 4,2 percent 

In deriving the above factors, 20 percent of sales revenue (net of IPI and 
1CM on steel products*) has been taken as the level of funds required.   It was 
assumed that this was raised on the basis of 80 percent loan, 20 percent equity, 
Interest at 10 percent and an equity return of 12 percent on a discounted basis. 
On this basis, the "on-cost" to the comprehensive production costs was 
calculated at 2.3 percent, to which was added a further 0. 5 percent to provide 
for the cost of discounting trade bills since about 5 percent of debtors are 
handled this way.   Similarly, an examination of large international bulk steel 
producers' accounts revealed the level of the permanent net working capital to 
be at about 30 percent of revenue, financed by 40 percent loan and 60 percent 
equity with interest at 8 percent corresponding to overdraft financing, and a 
12 percent discounted return to equity.   On this basis the allowance for working 
capital in the international environment was calculated as 4.2 percent of the total 
comprehensive cost. 

* Brazilian Federal and State taxes. 
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APPENDIX 3 - COSTS OF STEEL FROM SELECTED WORKS 
CONFIGURATIONS 

A3.1   Analysis of the value of world technological trends 

» 

Limitations on the availability of national resources sometimes precluda 
the full exploitation of the latest developments in technology. It is expedient 
therefore, to quantify the various potentini technological contributions to the 
industry's prosperity when major industrial development programmes are 
being considered.    This permits concentration upon those aspects which 
provide the greatest economic benefit to the industry and hence to the national 
economy. 

For this purpose we have used, in this report, the total costs of steel and 
related products as norms against which the impact of currently available world 
iron and steel technology can be evaluated.   The norms have been developed for 
• number of works configurations - or model works - which take account of both 
international and specifically Brazilian conditions. 

The model works costs have been used for example, as the basis for 
comparing the costs of different steelmaking routes (Chapter 14) and for 
considering the effect of transport costs and economies of scale upon the 
location of works (Chapter 26) 

In developing the model works costs we have used the 1980 criteria for 
performance and operating practice (Appendix 1) and have dealt with capital charges 
in the manner described in Appendix 2.   The quantities of basic materials and 
energy used in the manufacture of the various products considered in this report 
are set out in Table A3.1.    The costs of the basic materials which have been 
assumed will be found in Table A3.2.   All co^ts are for the year 1971 and are 
presented in sufficient detail for alternative values to be substituted by the 
reader if desired. 

With regard to capital cost estimates the following assumptions have been made: 

i.     All costs are based on 1971 prices. 
ii.     Brazilian and 'international' plant performance are assumed to be the same. 

ili.     Model works are costed at 90 percent utilisation. 

461 
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TABLE A3.1 - MATERIAL AND ENERGY REQUIREMENTS 

The quantities of basic materials and energy required for the manufacture of 
various products, as discussed in this report, are set out below.     These 
requirements apply both to international and Brazilian conditions unless mentioned 
otherwise. 

Process area Product Material Quantity required 
per tonne product 

Cokemaking Coke (all grades) U) Coking coal blend 1350(1) Kgs. 

Sintering Blast 
sinter 

Iron ore fines 

Coke breeze 

950      Kgs. 

69      Kgs. 

Blast furnace 
ironmaking: Hot metal Sinter 

Coke 

Oil 

1520     Kgs. 

420     Kgs. 

60     Kgs. 

Electric smelting: 

Tysland-Hole Hot metal Lump iron ore 

Coke 

Electricity 

1500     Kgs. 

350     Kgs. 

2200    kWh 

Elkem Hot metal Lump iron ore 

High grade coal 
(imported) (4) 

Electricity 

1500    Kgs. 

550    Kgs. 

1320    kWh 

Sponge Ironmaking: 
HyL 

(2 
Reduced product Oxide pellets 

Natural gas 
or, naphtha 

1360   Kgs. 

660   Nm3 

5 barrels 

SL/RN 
(3 y 

Reduced product Oxide pellets 

Brazilian coal, or 
High grade coal 
(imported) (*) 

1410   Kgs. 

1000   Kgs. 
750   Kgs. 

BOF steelmaking Liquid steel Mot metal 

Scrap (28 percent) 

791   Kgs. 

306  Kgs. 

BOF «teelmaking 
(Brazilian condition 

Liquid steel 
») 

Hot metal 

Scrap (20 percent) 

880 Kgs. 

220 Kgs. 
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Process area 

Electric arc 
steelmaking 

Electric arc 
steelmaking 

Electric arc 
steelmaking 

Continuous casting 

Product 

Liquid steel 

Liquid steel 

Liquid steel 

Slab 
Boom 
Billet 

Material 
¡Quantity required 
per tonne product 

Scrap ( 100 percent) 
Electricity 
Oxygen 

Reduced product 
(HyL)<2> 

Scrap   (20 percent) 
Electricity 
Oxygen 

Reduced product 
(SL/RN)<3> 

Scrap (20 percent) 
Electricity 
Oxygen 

Liquid steel 
Liquid steel 
Liquid steel 

1063 Kgs. 
500 kWh. 
15 Nm3 

920 Kgs. 

230 Kgs. 
750 kWh. 

10 Nm3 

900 Kgs. 

230 Kgs. 
725 kWh. 

10 Nm3 

1052 Kgs. 
1052 Kgs. 
1042 Kgs. 

Notes:     1. Dry basis 

2. Metallisation - 85 percent 

3. Metallisation - 92 percent 

4. Applies only to Brazilian Conditions. 
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Tahle A3. 2 Basic cost data 

The costs of materials and utilities used in estimating the operating costs 
are set out below.    These costs are typical for the year 19711 the rate of 
exchange being taken at 5.3 Cr$ - US$ 1. 

Delivered cost at 
Item Unit Brazilian works International works 

US$ US$ 

Iron ore (64% Fe) 
Lump ore 
Fines 

Tonne 

4.0(works near mine) 
h A, K (40% lump and 
)    '      60% fines). 

Oxide pellets (64% Fe) Tonne 12.0(works near mine) 
17.0(works on coast) 

17.0 

Scrap«1 > Tonne 30.0 29.0 

Coke Tonne - 41.0 

CMl<2> Tonne 
Coking coal 28.9 (imported) 

31.1 (indigenous) 
25.0 

Non-coking coal Tonne 11.3 (indigenous) 20.0<3) 

Fuel oil (heavy) Tonne 20.0 20.5 
.0) 

Natural Gas GJ 0.25 

Naphtha 

Electricity 

Gj 

kwh 

0.61 

0.011 o"on<3> 

Labour (weighted average) man year 2,800 4,800 

Notes: 

(1) A derivation of long term International scrap costa is presented In 
Chapter 14, Article 14.2. 

(2) Contains 10 percent moisture as purchased. 

(3) For the cost comparison between direct reduction processes made in 
Chapter 11, special prices were used, below the international costs 
given here. 
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iv. 

V. 

vi. 

vii. 

viii. 

Total freight and insurance costs to Brazilian works is taken as 18 percent 
of tfie ex works plant and machinery prices and includes port dues. 
International' works have assumed freight and insurance costs of 25 
percent of ex works plant and machinery prices. 

Costs of erection and commissioning of plant at Brazilian works is assumed 
to be the same as the costs at European works. 

All mechanical and electrical service equipment is assumed to be supplied 
within Brazil at a cost of 106 percent of identical European equipment. 

Costs of civil works are assumed to be the same in Brazil and Europe 

Light buildings and structures are assumed to be supplied within Brazil 
at the same costs as those in Europe.     Heavy buildings and structures 
such as those in BOF plant and casting shops are assumed to be made up 
of 60 percent Brazilian supply and 40 percent foreign manufacture.    The 
foreign component is costed at 115 percent the equivalent costs in Europe, 
and the Brazilian component the same as those costs in Europe. 

The costs of 'preliminaries' for the works is assumed to be approximately 
17 percent higher than in Europe. 

No contingency has been included for cost escalation but 10 percent has 
been added to the capital costs (including works services) to allow for 
effective matching of individual plant items. 

A3.2 Descriptions of model works 

The flow sheets upon which the model steelworks have been based are 
illustrated in Figures A3.1 to A3.3: 

Flowsheet 1 (Figure A3.1) indicates the material requirements, in Brazil, 
for the production of one tonne of liquid steel by the coke oven - sinter plant - 
blast furnace - BOF route and by the electric   arc route;  also indicated are the 
amounts of strip and bar mill products that would be available from continuous 
casting slab - hot strip mill and continuous casting billet - bar mill routes, 

respectively. 

Flowsheet 2 (Figure A3.2) indicates the material requirements, at an 
international location, for the production of one tonne of liquid steel by the 
coke oven - sinter plant - blast furnace - BOF route. 

Flowsheet 3 (Figure A3.3) indicates the material requirements, in Brazil, 
for the production of one tonne of liquid steel by the HyL reduction of pellets - 

electric arc route. 

ix. 

X. 

mm 
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IMPORTED 
COAL 

0.618(wet) 

NATIONAL 
COAL 

0.068 (wet) 
ORE 

0.462 
0.092 

©.aio 

SCRAP 0.220 
** 

"\ 

l.î35(wet) 
UMESTONE 

0.225 

0.132 

r 
SINTER 

PLANT 

1 
1.338 

BLAST 
FDRNACI 

0.880 

•or 

cc 
SLAM 

0.95 

0.093 K3UP(95^} 
1.01 

PIG IRON 
0.053 

ELECTRIC 
ARC 

CC 
»LETS 

0.9€ 

0.912 

Temei per tonne of liq»W «eel 

Ì PICURE A3.1 - FLOWSHEET 1 FOR MODEL WORKS - BRAZE 

MiH^ 
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COAL 
0.570 
(wet) 

ORE 

COKE 
OVEN 

0.383 
0.720(yet) 

0.051 

SINTER 
PLANT 

JL22L 
0.74S 

1.215 (wet) 

£ 
0.486 (wet) 

BLAST 
FURNACE 

»CRAP O.306 

(*8*) 

0.791 

10F 

I 
Temes pet tonne of liquid Reel 

467 

FIGURE A3.2 - FLOWSHEET 2 FOR MODEL WORKS - INTERNATIONAL 

• 

PELLETS 
1.36 

Hyi 

0.920 

(*0%) 1 
ELECTRIC 

ARC 

1 

pet tome of liquid «eel 

noun AS. s • FLOWSHEET S FOR MODEL WORKS - IRA in. 
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Eight model steelworks have been designed from these basic flowsheets 
for the purpose of estimating capital, operating and product unit costs. 
The model works are: 

Model works 1. 

Model works 2. 

Model works 3a. 

Model works 3b. 

Model works 4. 

Model works S. 

Model works 6. 

Model works 7. 

A one million tonnes per year blast furnace - BOF 
plant situated at a Brazilian mine site. (Flowsheet 1, 
Figure A3.1) 

A three million tonnes per year blast furnace - BOF 
plant situated at a Brazilian mine site, and with continuous 
billet casting and a rod and bar mill.   (Flowsheet 1, Figure A3.1) 

A five million tonnes per year blast furnace - BOF plant 
situated at a Brazilian mine site, and producing billets 
by the continuous bloom casting - billet rolling mill route. 
(Flowsheet 1 - Figure A3.1) 

As model works 3a, except that the product is hot rolled 
coil instead of billets;  the production route is continuous 
slab casting - hot strip mill. (Flowsheet 1, Figure A3.1) 

A five million tonnes per year blast furnace - BOF plant 
situated at an international coastal site and producing 
hot rolled coil as in model works 3b (Flowsheet 2, Figure A3.2; 
and Flowsheet 1, Figure A3.1) 

A half million tonnes per year plant situated at a Brazilian 
coastal site with a natural gas supply, or at a mine site with 
naphtha supply.    The process route is Hyl reduction of 
pellets - electric arc steelmaking. (Flowsheet 3, Figure A3.3) 

A half million tonnes per year plant situated at a Brazilian 
coastal site and based on the SL/RN reduction - electric arc 
process route.   This is not shown on a flowsheet but yields 
have been assumed to be identical with those given in 
Flowsheet 3 (Figure A3.3). 

A half million tonnes per year plant situated in Brazil, 
near a suitable source of scrap, and producing steel by 
the scrap based electric arc route. (Flowsheet 1, Figure A3.1). 

A3.3 Costs of steel produced in the model works 

The cost data for the model works are set out in Tables A3.4 to A3.11, 
and the unit costs of various products are summarised in Table A3.3. 
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A 

TABLEA 3.4 

X'onrr. WORKS • i 

Location: 
Potential capacity: 
Process route: 
Utilization: 

Brasil (mine site) 
1.0   million tonnes of liquid iteci 
Mut furnace, 60F, 
|0£ Capital recovery factor: 16.0* 

IRONMAKINC 

STE&- 
MAKING 

Capital Costi 

Sinter plant 
Coke ovem 
Blast furnace 
G.W.S. Allocati«« 

Total 

Annual capital charge 

Steel plant 
G.W.S. Allocation 

Total 

Annual capital charge 

UI t » 10 

11.3 
n.6 
31.0 
21.6 

•1.6 

13.0 

12.« 
B.l 

30.7 

4.» 

Unit Cost» US $ 

Iron ore fines ((®$4,0/tonne) 6.2 
Coal (<2>$29.1/tonne*) 22.1 
Oil 1.1 
Conversion costs |.l 
G.W.S. operating , costs a,| 

Sub-total 41.6 

Capital charges !'•* 

Working capital 1.6 
Credits -4.9 

Toul per tonne of hot metal S4.3 

Hot metal (@ $ 5«.3/tonne) 
Scrap       (@ $ 30.0/tonne) 
Conversion costs 
G.W.S. operating costs 

tub-total 

Capital charges 
Working capital 

Toul per tonne of liquid steel 

49.5 
6.6 
f.4 
1.6 

•XT 
6.6 
0.6 

•based on blend: 10* home coal @ 131. l/tonnc, SO* imported @$28.9/tonne 

ri^ 
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TABLE   A 3.5 

MODEL WORKS - 2 

Location 
Potential capacity : 
Process route : 
Utilization : 

Brazil (mine lite) 
3.00 million tonnes of liquid steel 
Blast furnace, BOF, billet casting, rod and bar production. 
90% Capital recovery factor : le.Ofy 

IRONMAKING 

STEEL- 
MAKING 

CONTINU- 
OUS 
CASTING 

ROLLING 

Capital Costs 

Sinter plant 
Coke ovens 
Blast furnace 
G.W.S. Allocation 

Total 

Annual capital charge 

Steel plant 
G.W.S. Allocation 

Total 

Annual capital charge 

Casting plant 
G.W.S. Allocation 

Total 

Annual capital charge 

Mill 
G.W.S. Allocation 

Total 

Annual capital charge 

US$ x 10 

23.7 
38.2 
13.6 
48.8 

184.3 

29.5 

46.2 
16.3 

«1.5 

9.8 

•€.0 
23.6 

•0.6 

14.3 

W. 3 

tl.6 

4.4 

Unit Costs 

iron ore fines (íó>$4. 0/tonne) 
Coal (@$29.1/tonne*) 
Oil 
Conversion costs 
G.W. S. operating costs 

Sub-total 

Capital charge» 
Working capital 
Crediti 

US$ 

6.2 
22.7 

1.7 
7.6 
2.8 

41.0 

13.9 
1.4 

- 4.3 

Total per tonne of hot metal       52,0 

Hot metal ((® $ 52. 0/tonne 
Scrap       (@ $30.0/tonne) 
Conversion costs 
G.W.S. operating costs 

Sub-total 

Capital charges 
Working capital 

45.8 
6.6 
6.1 
1.5 

60.0 

3.8 
0.6 

Total per tonne of liquid steel      6<t. 3 

Liquid steel «2> $ o i, étonne)       66,9 
Conversion costs 4.2 
G.W.S. operating costs 1.2 

Sub-total *•• 

Capital charges 8.6 
Working capital *.* 
Credits -1.4 

Total per tonn« of billets W.9 

Sillets (@> $76.9/tonne) 
Conversion costs 
G.W.S. operating costs 

Sub-total 

Capital charges 
Working capital 
Credas 

80,9 
6.6 
Î.0 

S9.5 

M 
6.4 

-0.9 

Total per tonne of rod and bar    97.8 

• based on blend: loft home coal 0  $ 31.1/tonnc, 90T.> imported J> .^28.9/tonne 
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TAULE A 3.6 

MOPR WORKS  -   3a_ 

Location : 
Potential capacity 
Ptoccsi route : 
Utilization : 

: 

Brazil (mine site) 
5.0 million tonnes of liquid steel 
Blast furnace, BOF, bloom casting, billet rolling 
90$,          Capital recovery factor ;               16.0% 

1RONMAKING Capital Costs US $ X io6 

35.2 
61.7 

113.6 
75.8 

Jnit Costs US $ 

6.2 
22.7 

1.7 
7.4 
2.7 

Sinter plant 

Coke oveni 
Blatt furnace 
G.W.S. Allocation 

Iron ore finest $4.0/tonne) 
Coal (@$29.1/tonne*) 
Oil 
Conversion costs 
G.W.S. operating costs 

Total 286.3 Sub-total 40.7 

Annual capital charge 45.8 Capital charges 

Working capital 
Credits 

Total per tonne of hot metal 

12,3 

1.3 
-4.3 

50.0 

STEEL- 
MAKING 

Steel plant 
G.W.S. Allocation 

€4.2 
83.1 

Hot metal (<2> $ 50.0/tonne) 
Scrap (id $ 30.0/tonne) 
Conversion costs 

44,0 
6.6   I 
5.9   J 

Total 17.3 
G.W.S. operating costs 

Sub-total 

1.4 

57,,9 

Annual capital charge 14.0 Capital charges 
Working capital 

Total per tonne of liquid steel 

3.1 
0.5 

61,5 

CONTINUOUS 
•CASTING 

Catting plant 
G.W.S. Allocation 

77.1 
27.8 

Liquid steel (@ $61.5 /tonne) 
Conversion costs 
G.W.S. operating costs 

64.5 
4.1 
1.2 

Total 104.1 Sub-to tal •9.8 

Annual capital charge 16.8 Capital charge» 
Working capital 
Credits 

Total per torme of blooms 

9 « 
O.S 

-1.4 

72,5 

POLLING Mill (2.8m.t.p.a ) 
G.W.S. Allocation 

39.8 
14.2 

Blooms (@ $ 72,5/tonne) 
Conversion costs 
G.W.S. operating costs 

76.1 
3.0 
0.9 

Total U.I Sub-total •0.0 

Anual capital charge 8.« Capital iU«rges 
Working capiul 
Credits 

3.4 
0.1 

-1.6 

Total per tome of billets 81,9 

based on blend: lOfyhome coal @ $31.1 tonne. OlXfr imported <3>$28.9/tonnc 
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TABLE A 3.7 

Location: 
Potential capacity: 
Process route: 
Utilization: 

Brazil (mine site) 
5.0   million tonnes of liquid steel 
Blatt furnace, lpF, slab casting, hot rolled coil. 
Wl» Capital recovery factor: 16.0% 

IRONMAKINC 

STE&- 
M AKIN G 

CONTIN- 
UOUS 
CASTING 

ROLLING 

Capital Costs 

Sinter plant 
Coke ovens 
Dlast furnace 
G.W.S. Allocation 

Total 

Annual capital charge 

US$x 10 

35.2 
61.7 

113.6 
75.8 

Casting plant 
G.W.S. Allocation 

Total 

Annual capital charge 

Mill 
G.W.f. Allocation 

Total 

Annual capital charge 

S86.3 

45.8 

Steel plant 64.2 
G.W.S, Allocation 23.1 

Total 87.3 

Annual capital charge u.o 

96.4 
34.7 

131.1 

21.0 

160.2 
67.7 

217.9 

34.9 

Unit Costs 

Iron ore fines (^$4.0/tonne) 
Coal (¡»$29.1 /tonne*) 
Oil 
Conversion costs 
G.W.S. operating t costs 

Sub-total 

Capital charges 

Working capital 
Credits 

Total per tonne of hot metal 

Liquid steel (@$ 61,6 tonne) 
Conversion costs 
G.W.S. operating costs 

Sub- total 

Capital charges 
Working capital 
Credits 

Total per tonne of slabs 

Slabs (@>$ 73,5 tonne) 
Conversion costs 
G.W.S. operating costs 

Sub-total 

Capital charge* 
Working capital 
Credits 

US S 

6.2 
22.7 

1.7 
7.4 
2.7 

40.7 

12.3 

1.3 
•4.3 

EM 

Hot metal (¡fi) S' 50.0/tonne) 44.0 
Scrap       ((a) $  30.0/tonne) 6.6 
Conversion ^osts 5.9 

G.W.S. operating costs 1.4 

Sub-total 57,9 

Capital charges 3.1 
Working capital 0.5 

Total per tonne oí liquid steel 61.5 

64.5 
4.1 
1.2 

66.8. 

4.9 
0.2 

-1.4 

73.5 

76,5 
4.« 
1.4 

»2,7 

11.6 
0.4 

.0.9 

Total per tonne of hot rolled coil      93,8   j 

•based on blend: lûfy home coal :S> $31.1/tonne, 90% imported £r> $28.9/tonne 
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TABLE A 3.8 

VOP'.l VOSKS -4 

Location: 
Potential capacity: 
Process route: 
Utili zau^n: 

IRONMAXINC 

STEKL- 
MAKING 

CONTIN- 
UOUS 
CASTING 

Crnital Coiti 

Sinter plant 
Coke ovens 
Blast furnace 
G.W.S. Allocation 

Total 

Annual capital charge 

Steel plant 
G.W.S, Allocation 

Total 

Annual capital charge 

ROLLING Mill 
G.W.S. Allocation 

Total 

Annual capital ctv »ge 

International coastal site 
5.0    million tonnes of liquid steel 
Blast furnace, EOF, Slab casting, hot rolled coil production 
90$ Capital recovery factor: 19.2$ 

US $ x 10 

19.9 
50.1 

101.9 
61.9 

233.8 

44.9 

58.0 
20.9 

78.9 

15.1 

Casting plant 86.3 
G.W.S. Allocation 31.1 

Total ÛTTÏ 

Annual capital charge 22.5 

142.2 
51.2 

193.4 

31.1 

Unit Cotts 

Iron ore ('j>$14. 5/tonne") 
Coal (?$l8.0/tonne) 
Oil 
Conversion costs 
G.W.S. operating , costs 

Sub-total 

Capital charges 

Working capital 
Credits 

Total per tonne of hot metal 

Hot metal (0 $ 56.. 3 /tonne) 
Scrap       ((3 $ 29.0, tonne) 
Conversion costs 
G.W.S. operating costs 

Sub-total 

Capital charges 
Working capital 

Total per tonne of liquid steel 

Liquid steel (@ $ 64,4/t0nne) 
Conversion costs 
G.W.S. operating costs 

Sub-total 

Capital charges 
Working capital 
Credits 

Total per tonne of slabs 

Slabs (@>$ 77.7/tonne) 

Conversion costs 
G.W.S. operating costs 

Sub-total 

Capital charges 
Working capital 
Credits 

US £ 

22.7 
12.9 
1.6 
C.4 
2.3 

45.9 

12.5 

2.2 
-4.3 

56.3 

44.0   : 
8.8  . 
5.9 ; 
1.5 i 

ÏÔ72   j 

3.4 ; 

0.8 I 

64,4 ; 

67.8 ¡ 
4.4 
1.3 

13.5 

5,2 

0.4 
-1.4 

17,77 

80.9 
4.9 
1.5 

81,3 

12.4 
0.5 

-0.9 

Total per tonne of hot rolled coil      98.3 

•based on R.O.M. (40$ lump 60$ fines) 
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MODEL WORKS - 5 
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Location: 
Potential capacity: 
Process route: 
Utilization: 

Brazil (coastal site with natural gas) 
0.5 million tonnes of liquid steel 
Direct reduction (HyL), electric arc. 
90% Capital recovery factor: 16. Cfijo 

1RONMAKINC 

STEEL- 
MAKING 

Capital Costs 

HyL plant 

G.W.S. Allocation 

Total 

Annual capital charge 

Steel plant 
G.W.S. allocation 

Total 

Annual ctpital charge 

Location: 

1RONMAKINC 

STEH 
MAKING 

Capital Costs 

HyL plant 
G.W.S. Allocation 

Total 

Annual capital charge 

US $ x 10 

Î8.8 

6.-7 

25.6 

4.1 

Unit Costs 

Iron ore pellets (¿»$17.0/tonne) 

Natural gas (@4 2.6/therm) 
Conversion costs 
G.W.S. operating costs 

Sub total 

12.7 
4.6 

17.3 

2.8 

Capital charges 
Working capital 

Total per tonne of sponge iron 43.5 

Irazll (mine site with naphtha available) 

US $ x 10 

19.6 
7.1 

26.7 

4.3 

Steel plant costs as above 

Unit Costs 

Iron ore pellets (<3>$12. 0/tonne) 
Naphtha  (@tf 6.1/therm) 
Conversion costs 
G.W.S. Operating costs 

Sub total 

Capital charges 
Working capital 

Total per torme of sponge iron 

Sponge iron (@$ 46.1/tomc 
Other costs as above 

Total per tonne of liquid steel 

US$ 

23.1 

1.0 
2.6 
0.7 

32.4 

10.0 
1.1 

Sponge iron (@ $ 43, fi/tonne 40.0 
Scrap          (@> $30.0/tonne) 6.9 
Electrical power (@jq! 1.1 /kwh) 8.3 
Conversion costs 11.4 
G.W.S. operating costs 2,2 

Subtotal 68«8 

Capital charges 6,3 
Working capital 0.» 

Total per tonne of liquid steel 7?.0 

USI 

16.3 
14.7 
2.8 
0.8 

34.« 

»0.4 
1.1 

46,1 

42.4 
36.0 

!MJ 
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MODEL WORKS- 6 
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Location: 
Potential capacity: 
Process route: 
Utilization 

Brazil (coastal site) 
0. S million tonne« of liquid steel 
Direct reduction (SL/MJ), electric arc 
Wji Capital recovery factor: 1S.0* 

IRONMAKJNG 

STEEL- 
MAKING 

Capital Cons US $ x 10 

SL/KN plant 11.1 

C.W.S, Allocation 5,8 

Total SI.» 

Annual capital charfc 9.1 

Steel plant 

G.W.S. Allocation 

Amual capital charge 

TABU A 3.11 
MODEL WORKS - 7 

Location: 
Potential capacity: 
Process route: 
Utilization: 

STIEL- 
MAWNG 

Steel Plant 

G.W.S. AUocatk» 

Total 

Annual capital chaîne 

13.1 

4.1 

11. S 

I.S 

Unit Costs 

Iron ore pellets {@ $17/tome) 

Coal @ $15. O/tome) 
Conversion costs 
G.W.S. operatingeoatt 

Subtotal 

Capital charges 
Working capital 

Total per tonne of sponge iron 

Braiil (at scrap source) 
o. I million tonnes of liquid steel 
Scrap-bated electric arc 
tty Capital recovery factor: 1«.©* 

14.3 

Í.1 

19.9 

9.1 

us$ 

24.0 

11.3 
4.6 
1.9 

41.1 

1.0 
1.3 

80.4 

Sponge iron«® $50.4/totne) 45,4 
Scrap         ((S $30.0/tome) 6.9 
Electrical power (@ i 1.1/Kwh) 1.3 
Conversion costs 11.4 
G.W.S. operating coati S.S 

Sub total 14,3 

Capital charges 4.3 
Working capital 0.9 

Total per tonne of liquid iteci SI. 4 

Pig ironia) t50.0/tomie) 2.7 
Scrap ($ 330.0/toaBC) 90.9 
Electrical power (@> i 1.1/Kwh) S. I 
Conversion costs 10.2 
G.W.S. 2.1 

Sub-total »2.1 

Capital charges S.» 
Working capital 1.9 

SO. i 
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