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I.  INIZORCTION
The problems raised occur in veryinpg degrees in all countries, namely:

A = Countries where industrial develonment ond technical training facilities

are very weak, and which have no iron and steel production at present.

B - Countries alreedy more or less technically advanced, but where the

indusiricl background end technicel treining are inadequate.

- gome possessing only an embryo steel industry,

- others, more developed, with an eonreciable iron and steel nroduction.

C - In very advenced countries where, however, questions are almost continually

arising with regard to the establishment of additionel iron and steel

plents or the renlacement of old ones.

Case 4 countries require the services of advisers and planners wilh wvide
experience, who cen be responsible, s far as the steel industry is concerned, for
rom the initial economic and social studies to the starting up of
and including questions of

all problems f

the works, raenging over entineering end construction,
™e locel womlicents for uid, responsible for

treining of nersonnel and education,
then almost excluoivbly at Government

the peneral interests of their country, are
level,

Cage B countries imnly technicel aid
and sociul informetion is supnosed to be already known to & lerge extent hy the local

The aid consists of supplyinp the most up=-toedate tecknical
cases, of sidinn the interested parties in taking
necessary with repurd to nlenning

ot o generally higher level. “conomic

interssted porties.
information appropriate in verious
technical decisions and of piving cssistance where
and to the equipment not obtainable locally. These applicents for aid ure either

public or private.

Ciag C countries need no commer
introduce them themselves: they u2vly t
to fall behind techniceally. They cre advisers for cos

t: they keep abreast of &ll innovations and
“Wem in their new installations in order not
e A and [ countries.
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II. R? N D I.'[‘lﬂ.j

Two main reusons occur most frequantly:

4= The oxipiine o> o weeted me et, i.e. tre sctisfaction of the estimatoad
requirements of stecl consumers;

8) either revealed by mavket Burveys in countiries elready ind\ntriau-ed to a
freaster or lesser extent,

b) or estimoted, in less develoned countries, s ¢ result of economic, Joliticel,

demopran-jc end sociyl studics currioq out in order to dromote and to nlan Production,

This imnlieg that the s+ge} indusirvy i4 considered as g lever fuvouring +he

fenere]
develosment of o country or ¢ repion,

In any cuse the solution of {hege oroblems is nevep obteined direetly cna
numerous factorsg must be considered befope bny decision ig token:
= the cutepories of iron ang Bteel roducty required:
merchent bars, sheets, etc, end the tonnares
= the caleuluted Production cosgts,

ol eceh catepory,
teking into tecount all the Necessary
Supplies wund the flotal cost of trans;ort of rew metericls ang finighead

pProducts, and finully charping the cost of the lattep delivered +to the

consumersg,
These studies must meke it Possible to Judre whethexw it is prefercble;
= to have these productg sunslied by existing works,

Perhaps by de\mloning them,

= to estibligh new nlents in suiteble locvﬂcions,
= to resort to imports, perhong by

und valuable on the world

It mey be too poor in quality
Used on the spot to “roduce steel ot a

its naturel stcte o ne'te stee} -
alao subject o the fluctue

in the country,

NP B st owe b

e
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_ This productien mast of courn be considered in con;upption yith t__ho use. ot
“the enorgy“;;;;;r;eu wveilables coo.li (-;,n-qi”;;it;)‘,‘ ‘liquid or geseous wuccarbonl,
electricity, even if necessary special resources such as wood which can be cerbonised
into charconl. Importn mey be necessary.

In practico cose B is similer to cose 4. . .

It will be moted that among the locel iron resources tccount must also be token
of scrap which my be regularly cveileble end which can easily be converted into
steel products in 6pen hearth or electric furnoces.

C - Other ressona

The concern for "pregtjge" which is believed to be found  in develoniag cocuntries
is gefxomlly e concern for gecurity which requires in each segtor the minimum of
autarchy ono.bling‘toto,l subjection to imporis to be evoided. This may lead to
local ':réductlon costs apvherently hlpher then the cost of immorted nroducts, clso
apparont and too much subjected to mrket fluctunticns.

We soy "appo.ront" because on the one hand production costs include lebour
whick would otherwhe be & burden on the national budget, ond on the other hend imports
require foreign currency which 1ust oftenbe obteined ot great exrense ond by %
sacrificing the national ‘reserves, 'Pho more the amount is reduced, the more important ?
this is.

Jo are only montioning t‘\ene footors in taking [} docluion, but they must bo t.kon

into consideration, ) ‘ _ , _
11, JHZ § ol ‘

mt;vor the rouiom Soh‘l.nd‘nuch s study, the main steps to be teken, ehrome=
logically, ate as follon.

A = Study of urketn e.nd fixlng of categoriu and tonnages of productl ta bo .

considered,

B = Preliminary economic ltudy of conditlons roparding sunplies and tra.nnort,

C - Study of the ~>oulblo tochnicul solutions (bosed on the mnonl oonltdprqttou
which will be dovoloned at the end of this ronort),

D = Summing=up and construction program.

I
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A = Study of mrkets ond fixine of catego d tonpnros nf pr e d

The present and future requircments of the country will be estimated and also
the possibilities offervd for export to neighbouring countries rother than on the
world market, which should bc considered only in special cases.

In less developed countries the chences of devel opment of consuming industries
will be estimated by comparison with other countries, and an cxamination will be made
of projects for small industrial complexes bescd on the steel works.

The types and quantitics of products to bc made will very considerably in
differcnt cascs:

~ Sometimes, e simplc smell production of ordinery stcels (rcinforeing rods,
ongles, etc.) on o semi-craft scele, making available to ecach inhabitent only about.
4 to 5 ka. of ateel & year (i.c. 4,000 to 5,000 tons per million inhabitents), may
lead to eppreciable progreas which will bec further increesed by the prcsence of
some forging facilitics for the production of tools, particularly for agricul ture.
However, it is difficult to producc less thon 40 to 50 tons of steel a day,

= At the opposite ¢nd of the scale there is the works (of 500,000 to 2 million
tons) intendeds

either to constitute for o eroup of fairly well populated countries a centre
¢? supply producing stecl under good conditions with regard to average costs, for
delivery to various consumers;

or to exploit a poer-quelity ore which cannot compete on world markets saturated
with high=prade ores, by proceeding in fact to convert 'th_e ore into steel for oxpor"t.

In this cnse the study of the markets is of ma jor i@ort&nce, for while the ‘
varintions of the world orec market are reflected in the profitability of investments
in mining, it is ¢ven more scrious to place the additional burden of the uncertainties
of dumand on the very ccstly equipment of the iron and stecl industry.

- The two cascs quoted concern meinly integrated works which mst produce possibly
semi=finishcd products for further conversion, but clso the whole range of products
hecessary to satisfy the demanda of the markcts.
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It should be noted finally that these projeots will generally be carried out
in stages, the first being of & sise which is alresdy reasonable and eoonomioally
viable. |

However & preliminary stage oan sometimes be considercd, which consists of
puilding in the first place rolling mills and forges intended to satisfy speoific
requirements.. This implies & supply of imported semis and therefore & good '
situation with acoess to & port, but there {s also & certain vulnerability. Sueh
a stage osn be only provisional and. should be quickly supplemented by production
of steel on the spot. . .'

B - M_MAMMW

A oomprehensive {nventory must bo .nade of the raw materials availeble in ﬂllt

country (essentially ores and differont forms of energy < coel and oubstituiu such

as oharcosl, hydrocarbons, l\vdr.o-uluctricity or other electricity), and the oonparetive

costs of these materiasls will be estimated. .

The sources of other materials, such as refreotories (clay, dolomite) snd
limestone must slso be oarefully prospected.

1f some of these materisls are not aveilable locally, the 'po.uibi'lit:ln for
importing them will be studied,

It should be noted thet as a source of iron it is poqliblo in some ocases %0
consider the availabilities of sorep, either in the oountry ftself, or on the world
mrket if the works is in & favoursble constal location.

The study of sommmiostions ond tremsport is very {mportant and is deoisive for
the location of works, espeoially in countries where the populstion and activities
are widely sosttered. The total cost of transport per ton of produot delivered
to the oomsumer must be kept to a minimum, and this cost covers both raw amaterials
and delivery to the consumer. This may sometimes 1ead to the consideration of &
pumber of small~sised vorks rather than one large oentral works. , .

In all oases, vhile trying to make use of indigenous raw saterials, a study vill
be made of sll the reasonable oombinations of supplies by neighbouring oountries or
oven by imports from & distamos. It is cssontial thet iron and steel works should
not be plaoced at the start in difficult technioal and economio conditions, under the
pretext of using ot any prioce loosl resources wvhich are badly situated or of
unsatisfsotory quality. On the other band, ooastal works importing their rev

materials osn be vieble (as for example in Japan).
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C. Stuly of poasibls technical sclutions

The choice of processcs and equipment will obviouily dopend on the results of
the preceding studics « ond Be A choice will have to be made with regaprd to the
treatment of raw mteriall,' the production of pig iron and stecl, the casting of the
metal, and the shaping of the erude steel into finished products.

The choice of production process, while taking account of the most upeto=-date
technical kndwledge, must avoid solutions not Yet sufficiently proved. Whenever
possible, it will bLe a good idea to corry out tests in the works and pilot plants of
the advising. countries on the methods cnvisaged with the raw materials which are to
be used. o | . o

Besides, it cannot be said that there arc specific solutions for regions in
course of development and for other rerions.  Therc is'only for each typieal case
one or several solutions more appropricte than the others,

oreover, highly mechanised and cutometcd equipment my be considered despi te
the lonp ond difficult treining of first closs 8pecialists which is required, 1In
fact such equipment mey make it possible to save o much larger number of routine
technicians whosc training is nlso longs  The hopes of employment of labour must be
prlaced far morc in the industries which will prow up around the steclworks, rather
then in the steelworks itself,

In the final chapter of this paper w.e shall refer to a number of "general
considerations" which mey ossist in the choice of solutions. 1In the anreed plans
it will be best to provide for the lator introduction of the most up=to=date tech
niques which arc still however in course of development at that time.

Ve shall also point out that one should not ignore the possibilities offered iam
fome cascs by the consatruction of seml-igtogi‘ated works producing their steel in

opun hcearth or elcétric furnaccs from purchascd acrap,
This solution assumcs & reqular supply of scrap, either collected in the country,
or found on an inturnational mrket which is favoureble st the time,
In thir cosc the works mist be et port, '
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A study-towﬁsé(mhdvdﬂ Yedueble. information on this subject, i
and in ipurtidnldr it shows that the elettric: furnace, for example, can operate
only in the slack hours when current is cheap. '
D. )ing-up construc ro

Preliminsry project :
" ‘The combination of thie preceding studies (4, :B and C) should make it possible
to draw up a well-reasoned preliminary project for works whose location will elso
have been determined according to thé overall optimum transport-canditiona.
Cofistruction -

The preliminary project thus drawn up.should then pass into the hands of
the plepbing elgimeers who, in additiod to the actual production equipment, will
have ‘$0 deal with all  related problems such as civil engineering, water circula-
" -tiofi, handling, etd. - It will be desirable that thesé :pipnning engipeeis, while
consulting if necessary the equipment suppliers, have mo direct lipk with them,
However, after drawing up the plans; they will present the projects and liets of
consultations to be carried out with the selected suppliers,.

‘. The ¢opstruction and assembly of the equipment, preceded by the general .
preparatory work, will then take place, followed by the starting-up of the works, |

which should be carried out by teams of specialisis.

(Y] Wm}_ in the countries advised will be. kopt informed of
the detailed reasoning behind each partigl conclusion, in order to gain sa
understanding of the decisions taken. e

"~ (b) Future genior techmical stgff must be imstructed and trained in the ’
‘ advising countries, both in techmieal colleges and in works using equipment .
_ similar to that projected. .Until tecbnical colleges of a sufficiemtly high level
are sef up:locally, this training must be continued. : !

(e} §upervisory persopngl ond speoiglists om the production side ald in
mechanical and electrical mointemance should certainly follow abroad the same

- training as the preceding group, but efforts must be made- to organise quickly
proper vocational training on. the spot, which implies ssnding imstructors: for a !
fairly long time at least. . _ o

- {d) Yorkers will be able to get part of their trainipg on the lpot, but
.. experience shows that it ie always worthwhile letting them participate abropd in

the operation of existing installations.

- e—— e - = L

-
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The meny interesting papers presented ot this symposium provide valuable
information on the most up-to-date techniques whioh oon be applied in ths irem
and stecel industry. We rofor the reader to them and have formulated below only
observetions and conelusions of & general nature: oL
Fauioment of pines opd_yorka: The iron and steel industry is o heavy industry
using lerge quantities of crude row meterials extraoted from the earth, aond
greduclly c certain oomplexity developed in the works, where the blast furmsecee
themselves combined cll the operctions Decessary to absord direotly crwds ores
ooming often from a mumber of mines..

sppreciable progress was achieved in breaking down the operations and in
freeing the blast furnaoces from o number of functions whioh were transfsrred to
mines, such as preparation (vith enrichment &s for as possible) and homogemisatic
of the ores. The result wes o saving in transport and at the same time o lighter
of the tasks of the blast furneces with inorensed prnduotivity,

Going further, the question now erises, in oases where oheap energy is
svailable at the mine, for oxample natural gos, vhsther not only pelletisation or
sintering should be carried cut there, but sleo under certain eonditiens some
reduction of the iron oxides, ‘

In any ccse the partial transfer of operatians 3o the iren ore ming leads
8lso to the transfer to the mine of part of the complexity hishsrte reserved for
the blast furneoes and the installations whioh follew them. '

It can reasonably be concluded that if large iron ore deposits are available
for exploitation, it is desirable to equip the mine exteneively; 1ts ore will be
higher velue for export and it may also permit a reduotion in the siss of steelwe;
to be esteblished within o cortain radius. lorsover for these works, freed from
many problems thanks to the quality and the uniformity of raw materials, it will |
possible to envisage plants of relatively small siss but largely sutomsted vertiocs
1.0, from the blagt furnaoe to the finished product. '

It should be noted that in some oases of -complex ores, more extsnsive treatme
at the mine con be oonsidered, permitting the recuperation of other metsls in
sddition to iron, |

If the steel works has to be supplied from & small mine, it is desireble that
the ore should be rioh ana homogeneous, to reduos trensport, and to avoid costly

— — .“m
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ore-treatment installatione. The lese rich the cre, the nearer the consuming
works. should be 0.1t - If this location is bud, it will be bottor to import
good ore prepered in a large mine some duta.noo nm, but it vill be necessary
to be ‘on the coast. like the Japuun. :

Iren snd steslmaling (from the ore. to the 1n¢ot)

It will be noted that ths improved blast furnsce (prepsred burdea, varieus
injeotions, very hot blast enriched with oxygen) is regaining grousd frem the
electric lov shaft furnace aad does Dot comsume any more coke than the latter.

It is vexy.flexible, it can be adspted to all levele of producﬂon aad, by the
. partial or-total replacement of coke, to the use of very different fuels (Zyidrecarbens,
coal and charcoal). _ .

The electric low shaft furnace, however, is meking progress thamks te pre-
reduction (ELKEM, Strategic Udy). = Its uee depends on the relative cost of
olectricity and coke. To refine the pig iron msde in these ‘furnaces, ve nov emwissge
in practice, except in particular casee, only the oxygen converter steclweshe.

" {n preference to open hearth or electric steelworks.

Rotary furnaces, such as thoee of the RN type, still uee carbon as s redueing
- agent, and the product mede, sepurcted magnetically, mst be melted in an elestrie
steel furnace. Capital costs are high,

. The processes of reduotion by gasee at lov toqnntm, noh ast by
fluidisation - H - Iron and Novelfer;  in a shaft - the 'unrg and Nyl processes,
have serious disadventages. They require very rich ores und well dofi.nl grenulations.
The products made must be converted into otool in oloetric furnaces.

Other proceeses are being studied, suoh as the Poged proon- (huoo), using
only hydrocarbons und electricity, but they havs not yot reached an industirial seals.
One should therefore guard against excessive enthusiaem vhen deperting frem
treditisnal solutione and ths techhioal and ecenomic proposals sdvaanced must be

‘backed up by tests on existing installations.

The typee of steelmaking plant to be considered are limited:s .

Oaly the'glectric ‘Wteslworks m, ‘&8 'mentioned above, use selid produsts
reduced by varioue processes.

The glagizic steslvorks end the mmm.nnmm.m perfectly suitable
for remelting eorap in medium-sised vorks using scrap as & source of irea. ey
are not perfectly suitable for the refining of liquid pig iroa.
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Por the lettcr, w of the acid or basie m typo ool be 4
considered only in certain very specicl cases. '
On the other hand, oxvgen converter plaspts appear to be suitable for all the

pouible roquiromontz of refining liquid pig iron. They imply the simultaneeus
ecnatruction o! an oxygon p*oduction plant, vhich in a developing oountry can algo
supply other locel industries. ' '
Qf}j‘_‘“ll“p m_onf 319‘1111193 __1: The simplifiontions and savings in capital costs which
;crm resuls from contlnuous cesting, wnioh is moking continusl progress, mike this'
process extremely attrnctive. It simplifies the subsequent rolling instellstions,
upeciully in works pvoductnp a mll tonnage. It presents enormous ldﬂnmol :
compared with some problems aueh as difficult technology. ' «
In mum!hing, i.e. shaping the ingots into finished products, the whole
rango of knovm rolling nills is availabl., dome of which are versatile and are
particularly suitable for mediwm—-gized works. In some cases immovations ocan be ]
considered mch os hot planotary uills and extrusion processes, but only to o liluod
extent. . ' :
Finally ve must stress the ‘nooouury dovelopment bf control methods throughout |
the production processes vith, ultimately, quality control of the producty.
The general <rend is towards automtion of proocnu, ond it 1s desirable,
| __ nainly in small works, to control and to link the different utl.gu of produetln,
, ' from the plant producing the primary metel to the tinishing mills, in onder to omin :
as far o.s ponible veJl-rogulatod honogomous, vu'ticcl unih. o

. —

el

T

To conclude, we must stress thet with techniques as they are at present ’
universal solutions should not be expected either for the developing countries or
for the others. ' PR :

Each daso should be studied in deteil, but before any ﬂw it 1: wm
onluring thet the problom is correctly stated. o S
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