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SUMNARY

This UNIDO document is a oomprehensive study of up-to—-date practioe in
the mamufacture of pig irom, for foundries and steelmaking, using charcoal as
fuel in blast furnaces. .

Nost of the detailed information is derived from modern Brasgilisn
experience since that country is the world leader in charcoal iron making and
ourrently produoss more than 4,000,000 tons/year. Experience from othsr
major produosrs of charcoal blown iron is also included.

The most important conclusion of the study is that a charcosl based
ironmaking industry can be economically started on a modest scals in many
oountries provided adequate wood supplies and suitabls iron ore are availabdle
and that a proper programme of reforestation is installed.

Such an industry, commencing initially at 10 - 50,000 tons/year output,
with investment oosts of about US $140/ton, can form the basis of a future
large and flourishing iron and steel industry. This actually ococured in Bragil
over the past 40 years.

The dooument is divided into four seotions.

Section 1
Outlinss ths main features, soonomios and advantages of meking pig iron

with charcoal under Bragilian conditions. The importance of reforestation is

stressed for a contimuous future supply of charcoal. The oconsiderabls cost

advantages of charcoal compared with metallurgioal ooke at the present time

permits the smll scals memufacture of high grede pig iron at prices substantially 1
below those existing in developed oountries.

Section 2.
Considers in detail ths technology of forest opsratioms, reforestation and

charoocal production in simple kilns. A

Section 3.
Considers ths practical operstion of small blast furmaces using charcoal .

Hlast furnace plant design is also discuseed.

Section 4.
Includes data derived from other countries makisg charccal blown pig irom,

Dctdl-mulsorimofmﬂmtmtiudwmﬁﬁl-u
Presilian charcoal iron making and engineering companies.




SONNAIRE

Ce document, préparé par ONUDI, est vne é%ude oompldte de la
fabrication de fonte, pour fonderies et aciéries, utilisant le charbon
de bois oomme oombustible.

La plupart des informations détaillées sont tirées de 1'expériencs
moderne du Brésil qui oocupe sujourd'hui la premidre position dans la
fabrication de fonte fabriquée & base de charbon de bois. Ss production
actuelle est supérieure & 4,000,000 t/an. L'expérience d'asutres producteurs
importants de fonte i base de charbon de bois est également rapportée.

La oonclusiocn la plus importante de 1'étude est que dans de nombreux
pays, la fabrication de fonte utilisant le charbon de bois peut $tre
rentable pour sutant que l'on dispose d'un approvisionnement convenable

de minerai de fer et de bois et qu'un programme de reboisement soit lanoé
simul tanément.

Une telle industrie, svec une prodnction initiale de 10,000 - 50,000 t/an
(oofit d'investissement moyen — 140 US$/tonne) peut former la btase d'une impor-
tante et florisssnte industrie sidérurgique. C'est ce qui s'est passé en
fait au Brésil depuis 40 ans.

Le document est divisé en quairs parties:

Partie 1. Indications des oaractéristiques principales, la situation
éconmique, et les avantages de fabriquer la fomte 4 base de charbon ds
bois au Présil. L'importance de la reforestation pour assurer, un
approvisionnement continu de charbon de bois est soulignée.

uMdirtmdoprncnfamrdnothoh.mu
oo%s, permet la fabrication de fonte de haute qualité & échelle moyenme

A des prix souvent inférieurs & oeux qui existent dans les pays industrialisés.

Partie 2. Ftude approfondie de la technologie d'exploitation des
for$ts, de reforestation et de production de charbon de vois en fours

simples.



Partie 3. Etude de 1'opération de petits hauts fourneaux A base
de charbon de bois. Discussion de la conoception des hauts fourneaux.

Partie 4. TFléments d'information obtenus d'autres pays ol 1'on -
fabrique de la fonte A base de oharbon de bois. Renseignements
détaillés d'opérstion et de comstruction fournis par les principales .

usines et sociétés d'enginesring Brésiliennes.
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POREWORD

In the oourse of its technical assistanoce and promotiomal
activities, the United Nations Industrial Development Organisation
(UNIDO) recognised the importance of the charcoal based irom and
steel technology for a number of developing countries. Accordingly,
in 1975 it was decided to bring this technology to the attention of
developing countries that have the necessary conditions for establish~
ing small or medium sise iron and steel plants based or charcoal as
renewable natural resouroce.

Accordingly, the Head of the Metallurgicsl Industries Section o.
UNIDO, Mr. L.C. Corr8a da Silva, requested the Associscao Brasileirs
de Netais (ABK - Bragilian Society for Netals), to provide the
necessary informsticn for s study on the sudject., The ABN supported
the idea of UKIDO to disseminate information on the charcoal bawed
iron snd steel industry, based on Brasilian experience. The Brasilisn
charcoal based iron and stesl companies disclosed all relevant infore-
ation for the preparsation of s oomprehensive report. Our thanks are
particularly due t. the Directors of the ABN and the Brasilian charocoal
based iron and stesl companies, especially to the Companhia Siderurgica
Belgo Nineirs, CINETAL, ACESITA and Companhia Perrc Brasileira, who so
gonerously provided detailed and invaluadble information orn the operetion
of their charcoal prodnction and iron and stesl meking facilities.

Great credit is due to Mr, Henri Meyers (Compavhis Siderurgios
Belge Mineirs) who has dedicated his extensive experience in Brasilian
charocoal based iron and steel industry to the project, This is reflscted
in the document entirely prepsred by him for the bamefit of the
developing oountries,.

Our thenks are due also to Kr. Rodney Jennings (United Kingidom)
who assisted with techniocel editing of the text smd collating of the
techniocal data.
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INTRODUCTION

The present document describes the techniocal and eoconomic &spects '
of the charcoal based iron and steel industry as it has developed and
i3 baing practiosd in Brasil, Experienoce in other countries, like
Argentina, Australia, Sweden is also included. g

The paper is intended for t.e guidance of developing oountries
that have the necessary conditions for using this technology based
on renewable resources.

In the course of SO years experience, Brasil has developed its own
charcoal based iron and steel industry. Its main, remarkable, features are:-

1. The anmual output of pig iron is very conmsiderable:
4,000,000 tons in 1976 and 1977.

2. This tonmage was eoonomically produced in many small and
medium sised works varying in output from 50,000 toas to
800,000 toms per year.

3. Practioally all the companies are in private ownership

requiring no appreciable support or subsidy from the
Bragilian state.

4. These works produce all the pig iron needed for the Brasilian
ocast iron industry and practically all pig iron needed for the
non-flat stesl products sector (bars, sectioms, tubs, wirs, stc.)

5. The equipment for iron making is generally simpier in design
and the specific investment costs (dollars/ton) are substentially
lower than those neosssary for coke based blast furmace plants.

6. The industry is rapidly progressing towards self-sufficiemoy
in charoccel resources through reforeststiom. »

7. The ocharcoal besed compsnies have developed and expanded over
thymfmm-llmndfuﬂﬁcmnof
the present important iron amd steel indmstry in Brasil. -

m,atmumtdm*.wmmmnul .
industry has oertain fundasental limitations - for ezxample -
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1. Charcoal production, including correct reforestation, is
labour intensive. This work provides a good souroce of
steady employment for a rural population but the costs of
charcoal production, which today are lower than for metallur-
gical ooke in Brasil, are clossly related to the salaries
of rural workers. The once important Swedish charcoal based
iron and steel industry came to an end because of mejor
increases in rural labour ocosts.

2. Charcoal production must be accompanied by a correct programme
of reforestation suited to the looation. However, for eccnomic
reasons, such reforestation must inevitably make appreciable
changes in the environment by the planting of new species of
trees (usually eucalyptus) in place of the originai virgin
forests.

3. The permissable maximum extent of such new forests will depend
up. & locsl conditions. This may limit the scale of charcoal
ironmaking in a partioular regiom.

4. The technigue of charooal blast furnao:: operations differs from
normal ooke based ironmekine. Por inctance charcoal is weaker
than ooke and is more easily crushed. This factor limits the
sise and oapecity of charcoal blast furnaces. Nowadays these
have reached 1,000 t/day output but osnnot compare with the
largest ooke based furnace cutputs now above 10,000 t/day.

Bearing in mind the above advantages and limitations, the Brasilian
example is worth being followed by countries whioch are in a devsloping
stage and have the necessary oconditions for using this technology,
principally a suitable climate and forest resources. A number of Brasilian
charcoal based iron and steel companies are able to offer their know-hov
to interested countries.

The extraordinary development of oharcoal ironmeking in Bragil is due
to the fact that the country's resources of good metallurgical coal are
soarocs. At the other hand the ocountry had, until recent time, vast
natursl forest reserves. Charcoal was therefore the natural choice for
reducing iron ores in the dlast furmece. In the course of many years
s technology based on charcoal was developed and improved in the country,
principally in the State of Minas Oerais, where most of the charcoal blast
furnsces and steel plants are looated.

During World War II, when maritime commmioations betwveen Mrasil and
the rest of the world were diffiocult and impersation of stesl prodmcts
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practically impossible, the charcoal based iron and steel industry gave
proof of much vigor, imagination and rescurcefulness. Kany iron and steel
products indispenzable to the Bragilian economy wers, during those years
produced hy the industry, for instance railwey rails, smmunition for guns,
compnnents for armaments, machinery parts, iron pips.

Until 1950 the charcoal based iron and steel industry represented the
only domestic source of supply for the manufacturing industry of a vast
variety of iron anu steel products. During the first 10 years of the
existenoe of the automobile industry, from 1956 to 1966, the charcoal
based iron and steel industry supplied all the neocessary steel for chassis,
wheels, springs, bolts, forged components and the necessary foundry iron
for the engines. Today ull centrifugally cast iron pipe manufactured in
the country is produced from charcoal blown iron. MNost of the ocountry's
foundries are supplied with charocoal blown iroam which, also, in times of
soarcity of scrap or coke blown pig iron, serves as a substitute and
complement of these materials which are indispensable to the stoel re-
melters. An important amount of charcoal hlown pig ironm is exported and
thus ocontributes to the balanoe of the Brasiliam foreign treds. Charococal
pig iron bas inherent proven exoellent gqualities whick are transmitted
to the irom and steel products derived from it. It thevefors represemts
& natural rew material for the mamufacture of high grade iron amd steel
products.

Brasilian commercial prioces of charccal have been very favourable ocompared
with metallurgical coke. Prioces CIF blast furnace plant (1977) were:

Charccal (corrected to 85 % carbon comtemt) - US$ 70/tom.

Bquivalent metallurgical ooke - uss$ 130/tom.

Due to the advantageous cost of charocoal, the Brasilian charcoal pig
imhmd-oodutllmmttmmumpi‘ironpro&mdu
Brasil, the USA and the Europear Common Market.

For present Brasilian oomditions, the imvestment costs for lard,
forestation and charocel msaufacture is also mmoh lower then for a coal
mine and a ocoke piamt.

Cost of land, forestation amd kilms eto. (1977) US$ 84/tom charceal
(ocorrected o 85 £ carbom coatemt).

Oost of coke plant (exoluding ceal mime) reportedly wpto (1977) USS 11)/tcn.
of equivalent coke.
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The Bragilian production of charcoal pig irom in 1976 was four million
metric tons, representing 50% of the total production of pig iron. The
production of steel derived from charcoal blown pig iron was 2.6 million
tons, representing 30% of the total for Brazil. The Government recognises
the great importance of the charcoal based iron and steel industry for the
Brazilian economy and has confidenoe in the aoundness of the industry
which directly employed 54,000 pecple in 1976 with sales worth 1,350 milliom
USS. This confidence has increased as & result of the world energy crisis.
Consequently the Govermment Plamming Agency (CONSIDER) have assigned an
expansion of the charcoal based steel indu.iry to reach a rig 1:0on pro-
duction of eight million tons/year by 1985 which will provide 17% of the hot
metal required by ihe steel production at that date.

The production units of the charcoal based iron and steel industry
are smll or medium sised dus to the psculiar qualities of the fuel. As
& consequence, the plants are also smll to medium sised and do not require
the large human ooncentrations that are frequent in the large coke based
steel plants. The human problems are therefore easier to control. The
largest charcoal based steel plamt in the world, the Monlevade plant,
employs only 4000 pecple and the town of Nonlevade has 30,070 inhabitants.
Natural forests represent still the most important supplier of wood with
approx. 80% of the total consumed wood. However, man planted forests are
gradually taking the place of the matural forests.

The euoalyptus tree of Australian origin is the only tree species
Planted for charcoal purposes. It regenerates naturaslly at least three
times in a cycle of 20 to 22 years. Caribbean pine and sucalyptus ar:

planted for pulp and paper manufacture. Reforestation 2as takxen a groat
impulee since 1966 because of the mandatory replacemsnt of sight tress for esch
cubic meter of oonsumed charocoal. Tax inocentives bave eased the financial
burden of reforestation. A total of 2,509,000 hect-res have been Planted

in the ocountry, 70% being eucalyptus trees. Brasil presently ranks fourth

in the world in reforestatiomn, after Chima, USSR and the USA.




500,000 hectares per year, approximately, are ourrently being reforested
snd the goal is to achieve 600,000 ha per year. The Covernment, through
its agency, the Bragilian Institute for Forest Development, has fixed the
following mandatory deadline for the execution of the reforestation
projects by the oharcoal based iron and steel industry: 50% self-
sufficiency in man-planted forests to be reached by 1985 and 100%

by 1995.

The two largest Bragilian charcoal based steel companies, Belgo Mineira
and Aoesita,as well as & few other companies,have already reached 40% of
selfmfficiency in eucalyptus wood. These companies had started re-
forestation long before the mandatory replacement regulations came into
effect. The activities of reforestation and charcoal manufacture have
for Brasil an important socio-economic aspect. Prequently whole families
are ooocupied in these activities, receiving » family incoms. Another
advantage is that the families can work together and are not disrupted.

In 1976 500,000 psople were employed in re-forestation and charooal
msnufacture in Brasil. Charooal is msmufactured in thousands of small
Beshive briok kilns which are located in groups of batteries as close
as possible to the forests to minimise wood transportation costs. The
kilns are periodically dismantled and rebuilt closer to the forests.

Fo by-products are recovered. The kilns are very cheap, simple to operste,
and give good yields of wood to charcoal, of good quality of charcoal when
properly operated and well supervised. Some improvessnts to the existing
kilns are heing made with sucoess.

With the recent trend for the planting of large eucalyptus forests
permitting the ocentralisation of the activities during mamy years, and
large soale mechanisation of the operstioms, it is possible that inm the
Mmlsmrohmlnlnaor-yhofuuusnththmqof” -
by-products will be introduced. One drawback of this type of operstion
is repressmted by the high cost of investment which is similar to thst
for a coking plant of the same sise. *

————-—




It is thus important to remember .that Brasilian conditions for
charcoal ironmaking ocannot be compared with Buropean conditions. It
is likely tha* oonditions and prices similar to those in Brasil will
be foind in a number of other developing oocuntries.

The special qualities of charcoal blowm blast furnace pig iron,
when ml: from suitable iron ores, present corsiderable advantages in
a developing ocountry where an iron and steel industry is newly founded.
For example metal quality control is much easgier.

The possibilities of using a charocoal based, so called,"Direct
Reduction” prooess should be approsched very osutiously by developing
countries. The problems associated with such relatively new technology
oan be avoided by using the classic blast furnace prooess.

Pinally o long term programme for the development of a complete
and integreated iron and stesl industry can be suitably founded on an
initial modest investment for charocoal irommasking.

Pirst stage - 50,000 t/yr ironmaking for iron castings etc.

Second stage - 100,000 - 200,000 t/yr ironmsking for cestings plus
D steelmsking for small non-flat prodmots.

Third stage - 500,000 - 1,000,000 t/yr irommaking for castings, empert,
Plus LD steelmaking for a wide remge of mon-flat
products amd special steels.
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1 stere of wood (1 st)
It is the volume of log shaped, mmnually piled, wood of following
dimensions: length 1 m, width 1 m, height 1 m.

?
1 ou metre (m”) of charcoal
It is the volume of loosely heaped charcoal filling a contaimer
dimonsioned: length 1 m, width 1 m, height 1 m.

1 hectare (ha)
It is a land measurement of 10,000 -2.
1 8q. kilometre egquals 100 ha.

1 st. of wod requires 5 1/2 eucalyptus trees 7 to 8 years old.

1 cu m charcoal (l3) requires 2.2 st of eucalyptus wood on sverege.
Better fignres are being obdbtained reoently.

1 ha of land is planted with 1666 euocalyptus trees setat 3 mx 2 m.
A figure of 1700 is used for simplicity.

Prectical bulk density of Brasiliam charcoal with,15% moisture,250 kp/n3.

Firewood is wood maturelly dried for 3 months, also called seasoned,
prior to being charged into the kilns.

Adrin
Is a trade name for a hetachlor chemical product used as insecticidse,
principally against termites, It is used as a powder in the seoil - *

 prepared for seedlings at the rate of 10 grass per plant.
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srcTIOR 1

THE MAIN FEATURES, ECONOMICS AND ADVANTAGES OF THE BRAZILIAN
CHARCOAL BASED TROY AND STEEL INDUSTHY

1o GENERAL CONSIDERATIONS

Since iron was first made in the world charcoal bas been the
traditional reductant for the smelting of irom from ore and was
used almost universally in the small blast furnaces and other
reducing furnaces up to the eighteenth century when metallurgical
ooke was introduced as an altermative,

Today charcoal is still used for irommaking in blast furnaces in a
number of countries. The world leader in this activity is Presil where s
large proportion of & flourishing iron and steel industry is sucoessfully
baged on charcoal smelted irom.

CGiarcoal and charcoal iron making was s naturel solutiom to the
soarcity of iron and stesl products in Brasil for the following reasoms:

Absenoe of fossil fuels. (ooal and 0il)

large quantities of wood from vast virgin forests.

Abmdant supply of rick and pure iron ores.

Good supply of water power,

The necessary entreprensurial spirit amd the experienoe

in mining and similar activities.
4 labor foroe treined in these sctivities.

Ontil 1946, when National Steel Company started production, all irem
and steel produced in Braszil was charcoal baged,

During that period many small and medium stesl produocts manufacturing
plamts were started. Their cwmers got confidenoce in a guarantesd and
regular swpply of the necessary, mostly small amowmts of, stesl svailadle
from local sowroes; without having to go through the costly and complioated
chazmel of steel import from other ocowntries. Some of the products
whose maaufacturing was started at that period, weres

‘Iron foundry m-: Smitation ware,

Steel prodwcts: Jails, wire fences for pasture land, horseshoes
and their mails, bolts, nuts, welding electrodes, reinforcing bars.




It was during the 5 years of the War (1939 - 1945), when imports
became praotioally impossible, that the charcoal based iron and steel
indnstry became of the greatest importanoce for the Brazilian econcmy,
As a consequence, the industry made great efforts in increasing the
quantity of the steel supply, in improving its quaiity and in manu-
facturing new and diversified steel produots. The ocountry became to
a great exrtent self-supporting in several steel prcductis and was able,
not only to maintain a reasonable stability of its industrial activity,
but even to expand it. Some of the most important new products which
were manufactured during the War were:

(a) Railway raile in 1943, which enabled Brazil to meintain and
even to extend ite intermal railway oommunication' system, a meagure
which was of the utmost importance tc the country.

(b) Steel billets for the manufacturing of gunshells of the
caliber 40 mm, 75 mm, 88 mm, 105 mm, 155 mm.

(c) Steel billets for the manufacturing of locomotive and railwey
oar axles, spare parts for the maintenanoe of all kind of existing
machinery, e.g. sugar cane mills.

At the War's end in 1945, the Brazilian charcoal iron and steel
industry, and the manufacturing industry supplied by it, had attained
& s0lid experience and the neoessary self oonfidence in ite own
possibilities. They were prepared for the industrial "take-off" which
was to follow soon after and which consisted in the start of the first
ooke based steel works at Volta Redonda.

However, this did not mean the beginning of the decline of the
charcoal based iron and steel industry. On the oontrary, it meant
further expansion of the activity. The coke and charcoal based iron
and steel works became ocomplementary and not competitive, The first
specialized in oommercial steels of heavy sections and wide flat
products and the latter in carbon and alloy steels both flat and non-
flat. The following examples show that the impact of the charcoal iron
and steel industry on the Brazilian economy oontinues, Firstly, the
oonstruction of the new capital, Brasilia, from 1956 to 1961, required
thousands of tons of reinforcing bars, welded tubing, iron pipe, which
were all supplied by the charcoal based iron and steel industiry., The
expansion of the capital still continues and still requires the same
products,



Secondly, the automotive industry, which started indigenous
automobile production in 1956, was supplied for the first ten years
h with mractically all the foundry iron for engines, brake drums, etc,
and a'l the steel for chassis, wheels, springs, bolts, nmuts, etc,

made solely from charcoal based iron,

The charcoal based iron and steel industry in Brazil oontinues
its expansion and modernization. Due to the natural evolution of
the ocountry, and the companies, some producte have been gradually
substituted by newer ones. A oertain degree of specialization in
products is taking place among the oompanies., This measure has had
a favorable influenoe on operational costs and production output.

The roasons for this trend are:

(a) The exoellent proven, and well known, physioal and chemiocal
qualities of charooal pig iron and the producte derived from it:
e.g. cast iron, cast steel, rolled steel, These qualities give the
industry the natural means for manufacturing quality producta.

(b) Due to the small and medium sizes of the production units
in charooal based iron and steel works they camot compete in quantities
with large coke based steel plants. They have, therefore, a oomplementary
funotion to the production programs of high tormages of normal steels
ooming from the coke based plants by producing small and medium
quantities of high grade produots.

Thug even today in Brazil, which now operates & very large scale
iron and steel industry, the charooal based sentor shows a dynamic
attitude to the future and will maintain a large share of the market,
principally in quality steel products. Table I shows the scale of
this aotivity in the past, present and as projected in the future.

Objections are frequently made aguniist a' charooal based iron and
steel industry.

Firstly, that charcoal manufacturing is a predatory activity,
oausing the depletion of the naturel forests and, oonsequently, being
harmful to the enviromment. Seoondly, that the wood should be used for
nobler purposes than charcoal, because the usually rustic oarbonization
methods do not recover the by-products. Instead of charcoal production

L‘._..
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it is proposed that the wood be used as timber, for building material,
for chemiocal products, for pulp and paper industry. The ideal would
be of course to use the wood completely, without any loss.

The argument that charooal manufacturing causes the destruction of '
forests is not borne out by the s0lid evidenoe of Brazilian and Swedish
sxperience over many generations.

bsazil: The most important charoocal producing and consuming ares
of the country is the State of Minas Gerais.

The statistical data established by the Secretary of Agriculture
of this State, by the Brazilian Institute of Geography and Statistios,
by the Brazilian Steel Institute, and the estimations made by Brazilian
charcoel and forest experts, give the following figures for 1970:

Charooal plg iron proamim eeeso0 000000000000 1,623’365 %
Charooal consumption (4 m3/t pig iron, 1970) 64493,460 m3‘
Corresponding wood consumption: 2 OF TOTAL

(Yi.ld 231) TR rxrry] 12'986'920 gteres = 35%
Timber for building, furniture,

reilwey lleﬁp.rl sesccssscessoe 2,000,000 steres = 5’
Wood as fuel for domestic rursl
households ssececccccscssecssss 19,357,m steres = 5%
Timber and wood destroyed by
fires on farming and pagture
land 4,000,000 steres = 10%
(estinated)

Total: 38,343,920 steres = 100%

Note: 1 mteres 1 oubic metre of wood.

The most important single oonsumer of wood wes, and still is,
represented by the rural households which oonsume in the average two
steres, or cubic metres, of wood per oapita and per year.

In the cities bottled gas iz almost exclusively used.
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Besides the household consumption, which can reasonably well
be estimated by statistics, there is an important forest destroying element,
which ie difficult to measure by statistica. These are the farmers
who transform bush and forest land intc agricultural and pasture land. -
Thie practice, mostly done by fire, has been usual for many years and
has been responsible, in a large part, for destroying the onoe extensive
forests., It has, in the last years, come under control through
Government action, but is still practioed in the more remote regions
of the country. It is a very agreeable aspect now to observe exactly
in the regions around the charcoal blast furnace plants, extensive
man planted forests, many of them as a consequence of Goveinment
incentives to fores: planting.

These inoentives include legal obligation (since 1965) of forest
replaoenent for all wood consumers and for charcoal consumers, obligation
to plant eight trees per oubic meter of oonsumed charcoal.

Tax incentives since 1966 for refcrestation projects as a rebate,
up to 25%, on the amount due as income tax.

Sweden: This country, where the coniferous and other trees are
felled at the age of fifty years, sustained continuously for many
decades, upto the end of the last War, an iron and steel industry
producing yearly between 300,000 and 600,000 tons of charcoal pig
iron, without exhaustion of its large pine and spruoe forests. The
charcoal consumed by that industry represented in 1945 (the last
year of World War II) only 5% of its total yearly timber and wood
harvest which was 58 million m3 . The charcoal production that year, was
five million cubic meters and the iron and steel industry consumed
30% of it. 70% of the charcoal produced was used in gas production.

The Swedish charcoal based industry declined not through exhaustion
of its forests, but because it becams uneconomic through increased labour -
costs and the increase in the price of wcod for pulp and paper, combined

with the availability of good, cheap, coking coal from other countries,
principally Germany.




The progress of a country depends largely on a steel industry
and in the abeence of local good metallurgical coking coal it must
be remembered that charcoal is easy to manufacture and as a
reductant for iron ore often gives very gooC results in the blast
furnace, at low cost.

It is & well known fact that the establishment of large scale,
heavily concentrated,coke based steelworks, like other similar
industries, attract large numbers of rural workers with their
families contributing to the up-rooting of the former socizl-economic
equilibrium and causing social unstability' with all ite negetive
consequences. One serious problem is the housing of such large
numbers of workers.

The charcoal based activities on the other hand ere always on a
small or medium scale, consist of mining, forestry, charcoal
manufacture, transportation, iron and steel manufacture.

The activities related to the charcoal based iron and steel
industry are scattersd over vast areas. In Minas Gerais state in
Bragil, approximately 150,000 sq. km ere occupied with charcoal
production activities. As a consequence, the related industrial
population has a low density. 30,000 people are occupied in forestry
and 40,000 in charcoal manufacture, by the iron and steel companies,
A further 400,000 are smployed by the numercus reforestation companies
in Bragil. The largest charcoal based iron and steel plant in the world,
the Monlsvade plant, only employs 4,000 employees and the towr of
Yonlevade has only 30,000 people.

The charcoal related activities represent a strong stimulus for
fixing people in their own rural environment. Frequently whole
families take part in these activities, each family member being abls
to work and to receive a fixed salary which is a factor of great
importance for the soonomic stability and mat rial progress of the
individual and the family,

It can be frequsntly observed that, whilst the men are busy in ths
forests or at the charcoal kilns, the women work in tres nurseries



2.

and tree planting and simultaneously attend to their family rural
property. There are also seasonal occupstions. Iuring seeding
and harvesting season, the whole family does agricultural work and,
after the oonclusion of it, turns to the charcoal activity. Az a
consequence, the family receives pay when most necessary, enmabling
them t0 buy indispensadle housebcld things and to improve their
stapdard of living.

Thus charcoal related activities contribute to fixing the rural
population vhilst giving them better material conditions. This
aspect is always emphasized ty the Bragilian Government and private
authorities. Another important influence of the charcoal manufacture
oongists in the pioneering work of the iron and steel companies and
the reforestation oompanies in underdeveloped and isolated regions
of the states of Kinas Gerais, Bahia, Espirito Santo, which have
mostly a poor population. The activity centers of these companies
with their metioulous and organised systems, their schools, hospitals,
their teachers and supervisors, represent, for large regions, centers
of instruction, for mental and material progress and stimulatiom.

One of the accompanying aspects has been the creation of small
private maintenance and equipment industries tc serve the charcosl
activities.

CHARCOAL VERSUS COKE PRICES

At the present time in Brasil (1977) charcoal based pig iren
manufacture is substantially cheaper than ocoke based pig iron
on acocount of the lower cost of charcoal.

However, the price difference is very sensitive to the inter-
national price of coking ool from which Brasilian coke is mostly
made. Frice variations of the two fuels in Bragil and the USA and
common market oountries in the years 1965 - 77 are shown in figure 1.
When comparing charcoal and metallurgical coke Prices, it must be
taken in oonsideration that charcoal has an average fixed carbon
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content of 70% against 85% for coke. The resulting necsssary
oorrection is:

Corrected charcoal cost:

ﬁ%—"-ﬁ = USS 68.40 per metric tom

This figure is still lower than present world coks prioces,
In oomparing coke and charcoal prices it would be prudent tc use
EKC ocommercial ocoke prices rather than the current Brasilian
prioes shown in Figure 1.

It must be enphasized that a very important item in the
composition of charcoal costs is the transportatiom. It frequently
Tepresents as much as the cost of fire wood at the kilns.

Some plants receive charcoal by truck at distances cf 60C and more

ke and in this case transportation costs oan amount to USS 6/+.

This shows the importance of the distance from charcosl supply to

the iron and steel plants. It also shows that it is necessary to
make a correct chcice as to distances from the Plants when uying
land for reforestation and tc study the transportatior means,
principally the possibility of railway transportation, or water
trangportation. When comparing costs it must be remembered.and

taken intc congideration, that a great pert of the commercial charcoal
sold in Ninas Gerais is produced as a result of the transformation

of brushland intc farm and pasture land, the charcoal being considered
as & Wy-product. Its cost does therefore not include the costs of
reforestation.

However in estimating the general costs of produc ing charcoal
for iron and steslmaking on a long term basis, the complete costs of
land purchase, reforestation, charcoal manufacture and transport tec
the works should be included.

Under Brasgilian conditions these costs can be summarised as -
follows:
(a) Land price . .

A nominal value of US$100/hectare has been used for
ocaloulation. It should be reaembered, that under those conditions
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land cost has littles influence on the cost of reforestation.

(®) Reforestatiom
The costs of afforestation with sucalyptus trees are showm
in Table II. The trees are planted from seedlings and are first cut
after eight years. Six or seven years later they are re-cut and
after a further six or seven years are re-cut for a second time.
This gives a total crop,ing cycle of 20 - 22 yoars after which time
ths stumps are uprooted and new trees planted.

In a highly mechanised operation the expense per hectare during
the first year of a reforestation project represent 507 of the
total expenses of the complete cycle of 20 to 22 Years which is
USS 500 of a total expense of US$ 1,000 . The expenses during ths
first of the three cycles represent US$700 or 707 of the total rotation
time of 20 to 22 years. For mamial reforestation, tie expenses
during the first year represent US$800 or 607 of the total expenses
of USS$1,300. Salary for rural workers in 1977 were US$80 per month.

The cost of salaries has been included for the firgt implant
and three years maintenance.

The resulting final cost of forestry for the three cycles is
US$4.99 per cubic m of charcoal (equivalent to US$19.96 t), vhem using
& maximum of mechanisation. This corresponds appraximately tc 30%
of the 1977 commercial price of charcoal.

The tax incentives have not been considered, as they have been
decrsasing in the course of the last years and Ry in the future become
insignificant. However in 1977 they still represmnt a saving of 17,55

It is assumed that, after the third felling, the ewcalyptus
forest must be replanted. JNo figures are yet swvailable for Brasilisn
oonditions for the period after the third fslling. In soms regioms of
South Africa the sucalyptus trees are reported to regemsrate fiwve
times over a 0 years period.



TABLE II COSTS OF FORESTRY OPERATION IN BRAZIL WI' BUCALYPNUS TREES
{ (excluding tax imcemtives) .

W TI00

1 2 3 4 5 6 1T 1 8 9 10
p—— TOTAL | INCEE- |LAND |BQUIP- TOTAL{ COSTS Us$
D YIELD |ASE/YR|COST |COS? Ul [ .
YEARS STERES| ST./YR|USS/ [Uss/ | Dic

/. lm. @ | B _vam_mggﬂmm

PLANTING 100 20 | 200 - 500 - -
2-8ms | V0| 2 | _ 00| - | 100 | 200 | - -
| GHOWTE
PIRST CUT
APTIR 8 TR | 176 22 | 100 300 [ 20| 100 | 700 | 3.94] 8.74
SECOND CUT
APTIR 6-TYR
REmERATION] 152 |22.25 | - 65 - 85 | 15 | 0.98| 2.15
TEIRD CUT
APTIR 6-TYR]
TOTAL
-2 | 440 J20-22 | 100 4% | 200 | 210 {1,000 | 2.27| 4.99
Alde OPERATIONS NANUAL
FIRST
8 YRS 176 | 22 100 100 600 800 | 4.34] 9.99
SEO0ND
6-771RS 152 |22-25 | - 200 250 | 1.64] 3.61

:

6-1YR8 | 112 ]16-99] - _200 230 | 2.231 4.91 |

1'” 1'” 2-95 6.‘9

Sk 4

440 | 20-22 | 100

Eé

Notes: 1. Costs include lamd, preparation of soil, roads, tree murseries
tree planting and maintenance.

2. Cost/Stere (columm 9) = colusm 8/colusm 2.
3. n&.-.3mm.dfm2.28t.ofmd. - .

4. It is assumed that after third felling, the eucalyptus forests

must be replanted. No figures yet available for Mrasilian
oconditions after third felling. -

hmmimof&ﬁ“ﬂmuahpfutrnﬁmmﬁd
%0 regenerate five times over % years peried.




- 35 -

(e) Palling and Transport of Wood from Reforested Bucslyptus

to charcoal kilns.

It is sssumed tnat:

For tree felling, wood transportation to the rosdside and the
kilns, balf of the services are carried out mechanically and half
menually, that the roads sre of average quality, that the distance
to the kilns is five km, that the monthly salary cf the rural workers
is USS80 (1977) and of the supervision US$ 120.

Table III - Costs cof tree felling and transport

USS/st.
s. Tree felling and wood piling: 10 men for
1000 st ner month 0.800
b. Transportation to kilns: 3,3 men for 1000 st
per month 0. 264
¢. Supervision: 1 noon 0.120
d. Other costs: (Administration) 0.1%
(social overhead) o.70
Total per st.of wood at kilns 2.0

Byuivalent oal*t/l3 charcoal = 4.47

(The costs from naturally re—grown forest can be estimated at
between 1,75 and 2.10 USS/st).

(¢) Charcoel Mamufacture and Transportstion

In Brasil simple brick Built beehive kilns are used,

These are five metres in diamster and are growped in datteries
of sever wpto a maximum of 35 at ens site near the forest ares
(maximum five km distance). There is no recevery of by-prodwcts.

The handling of wood and charcoal at kiln site is mamual.
Prom kiln site to iron and steelworks trangport is Yy truck or
rsilway - 450 kme is maximum economic limit for trucks and 600 km
for reil tranmsport.




- 36 -

TANIY IV - Costs of charcesl mmmfacture snd tremspert
’ Seven kiln battery predmoing 46) n° charoeal/memth

c.-*t/l3
sharesel
lohanz: 1 charceal dummer 100 US$/menth o.22
Cops: 1 helper 8 UBS/memtd 0.17
Capital: 7 x 700 = 4,900 US$ amortised over 4 yrs.
gont: 4,300 - R
46} x 12 x 4
Cost of charcoal mamfacture = 0.6
Tremsport t0 iron and stesl works
600 kms rail at 0,06 USS/km or
4% Xme road at 0.10 USS/m 4500

3, TOTAL COST OF CEARCOAL CIF INON AND STHEL WONKS

The total costs of charceal CIF iren amd stesl works include
ppropriate investment cost charges wp to arrival peint at hlast
furnace plant ~ Details of imvestment costs are givem in Table VIII.

. 7
. 1. Porestry (Teble II) 4.9 6.49
2, Pelling, tremsport (Tedle III) 4.47 447
3. Charcoal mamufacture (Table IV) 0.61 0.61 i
4, Trensport to irom ani steel works (Table IV) 4,00 4,90
Total cost of charcoal at works 14,01 15,51

This is equivalent to US$ 56,30 and 62,30/ton charcocal respectively,
The present (1977) average commercial prioce of charcoal, CIP steel
plants of Minas Oereis, is: US$ 60/tom.
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4. DIRECT COSTS OF LOW SILIOCON PIC IRON PRODUCTION USING CHARCOAL

Three soales of pig irom produotion can be considered:

() Ssall to medium sise: 50,000 to 150,000 t/year using
the simplest equipment not integrated to steelmaking.

. () Medium sise: 150,000 to 200,000 t/year using a more
slaborste equipasent integrated with steelmaking.

(o) Large sise: 500,000 to 700,000 t/year using most
sophisticated equipment fully integrated with steelmaking.

Direct ocosts exclude finsncial, administrstive, oo-crcigl and
depreciation of capital investaent.

It is assumed that the product will be delivered as hot, liquid,
metal resdy and suitable for steelmaking or pig casting.

Tables VI and VII show the direct costs of irom meking in the above
three socales of plants together with a comparison of costs for a coke
wased plant of similar large sise under Buropean comditions.

Sonditions of opergtion
(a) Seall (50,000 t/year) to medium (150,000 t/year)

20t integruted charocal blast furnaoe plants.

Product: Low Si pig iron cast in casting machines.

Productivity: 500 t/man/year.

Iron ore: Supplied by reilway from privately operated mines.

Charcoal: Supplied by truck from privately produced sources. |
. Plant efficiency: Average. |

Plant equipment: Simple design and operation.

Blast heating by metallic recuperators.

No secondary gas cleaning system.
Naterials handling: MNanual with some mechanisation.

(v) Medium sised (150,000 to 200,000 t/year) integrated charcoal
blast furnaoe plants producing hot metal for steelmaking.
Product: Low-3i iron for steelmaking,

Productivity: 500 t/man/year.
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Iron ore: From own mine, transported by truck at a
short distance. (10 to 20 km).
Charooal: Supplied by truck and railway from own and
private souroes.
Plant efficiency: QOood.
Plant equipment: Simple design and operation.
Blast heating by stoves.
Secondary, wet, gas cleaning system
Naterials handling: MNostly mechanised, yet simple methods.
Cooling water: No water treatment.

Large sised - (500,000 ¢+ to 700,000 t/year) - integrated

charooal blast furnace plants producing hot metal for steel-

making.

Productivity: 1,500 t/man/year.

Iron o™e: Own mine, railway transportation.

Sinter: Partial use of self-fluxing sinter.

Charcoal: 50 ¥ own operation, 50 4 from private sources.

Railway and truck transportation.

Plant equipment: MNodern, yet unsophisticated.

Plant efficiency: High.

Materials handling: Mechanisation.

Operational methods: O0il injection, oxygen emrichment
of blast, high furnace productivity,
and intensive operation.
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TABLE VI DIRECT COSTS OF LOW SILICON PIG INCN PRODUCTION USING
CHARCOAL IN BRAZIL IN SMALL AND MED S

P S

— —_— SMALL SCALE PLANT "a" MEDIUM SCALE PLANT "b"
post/unitt?.ﬁiﬁt) ;g“'/:-on cost/unit] z;n:\:;\::q p:;.;’.ﬁ:n
Uss t pig iron 63% Uss _pig imn Us$
Charcoal :u 14.0 4,00 56.00 14.0 3,30 46.20
(tons) (1.00) (0.82)
Iron ore tons 8.5 1,650 14.02 7.0 1.650 11.55
Manganse ore [tons| 27.0 0.030 0.82 27.0 0.030 0.82
Limestone tons 4.0 0.100 0.40 6.0 0.100 0.60
Silics tons 2,0 0.060 0.12 2.0 0.060 0.12
Fuel o0il tons | 60.0 0.005 0.30 | '60.0 0.005 0.30
Electricity [|kwh 0.02 60 1.20 0.02 65 1.30
Water m3 0.05 5 0.25 0.03 42 0.36
Refractories | kg 0.4 1.7 0.24 0.14 1.7 0.24
Spares and
Tuyeres Uss - - 0.10 - - 0.20
Direct Labour|US$ - - 6.00 - - 6.00
Indirect La'bmlrUSS - - 1.50 - - 1.50
TOTAL Uss 80,95 69,19
Note: 1. Labour costs inolude 42 % social overheads.

2. No oredit is given for wvalue of surplus blast furnace top gas.
In integrated plant this is usually sold to steel plant etc.
at an agreed internal price whioch reduces the net ocost of
iron making.




TABLE VII DIRECT COSTS OF LOW SILICON PIG IRON PRODUCTION USING CHARCOAL
IN BRAZIL IN LARGE PLANT COMPARED WITH COSTS FOR SIMILAR COKE
BASED PLANT IN EUROPE

LARGE SCALE PLANT
LARCE SCALE PLANT "c" COKE BASED IN EUBROPE
UNIT oonsumpt. T
oost/\miq AMPL | ogt/t  |cost/unigCORBWIPY . 1oogt/t
Uss £ 1.m1'.hs/ pig iron pf unlt'/ pig iron
It pig irm) ﬁg} US$ & pig irm “lSs
Charooal cuml 14.0 2.60 36.40
(tong)| - (0.65) - 100.00 o
t - - - .
85 Fines cum| 14.0 0.40 | 5.60 ! 0 | 55,0
#(tan‘ - (0. 10) -
Iron ore tons 6.0 0.900 5.40 25.00 1.650 41.25
Sinter tons 9.0 0.800 7.20 - - -
[Manganese Ore | tons| 27.0 0.010 0.27 45.00 0.010 0.45
Limestone tons| 10.0 0.020 0.20 10.00 0.200 1.00
Dolomite tons 14.0 0.030 0.42 14.00 0.030 0.42
Silica tons 2.0 0.050 0.10 - - -
pqgen Nm3 0.02 50 1.00 0.02 50 1.00
el 0il tons| 60 0.040 2.40 100 0.050 5.00
ectricity kwh 0.02 80 1.60 0.02 80 1.60
ater m3 0.01 60 0.60 0.01 60 0.60
efractorises kg 0.14 2 0.28 0.14 2 0.28
pares + TuyereUs$ - - 0.20 - - 0.2
irect Labour | US$ - - 3.00 - - 6.00
Indirect LabourUS$ - - 1.00 - - 2.20
H [
TOTAL  USS$ 65,67 115.00
Note: 1. Bragilian Labour inoludes 42 ¢ social overheads.

2. In Furopean plant ooke ocnsumption rate is rather high as it is
assumed that no sinter is used and all limestcne is fed tc blast
furnaoe.

3. No gas credits are included - see note 2 of Table VI,

—— 4
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COMPARISON OF COSTS BETWEEN CHARCOAL AND COKE BASED IRONMAKING

(a)
(v)

(o)

(a)

(o)

(2)

Brazilian charcoal blown pig iron has lower costs than coke blown,

Charcoal is the single most important item, representing more than
the sum of all the other raw materials and additions, '

Charcoal quality, its cost at the kilns, transportation costs,
speocific blast furnaoe retes have therefore the greatest
influence on the final pig iron costs,

Charcoal blast furnaoe plants having their own iron ore mines
and own charcoal manufacturing facilities, are at a great
advantage.

Plants with good operational efficiency and high intensity
of operation have lower costs than others with lower effioiency.

Comparetive costs of ironmaking using metallurgiocal ocoke under
EXC oconditions in scale C plant show that, under Brasilian
conditions, oharcoal based pig iron is appreciadbly chesper
even when allowance is msde for invreassd costs of hematite
iron ore, etc. in Furope compared with the same ores in Bresil,
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6. INVESTMENT COSTS FOR CHARCOAL BASED IRONMAKING PLANT ARD
REIATED CHARCOAL MANUFACTURING

(a) Investment oosts for charcoal manufacture

The investment ocosts for charcoal manufacture relsted to ironmeking
plants of various types and ospacities are summarised in Table VIII, Mull
details of all cost items are given in Section 3,1.2, These ocosts include
nev irees, felling equipment, transport equipment, kilns, etc., as well as
equipment for charcoal storage, hauling, screening up 10 the blast furnaoe
bins, Equipment for truck maintenenace and charcoal quality control at
the iron works is also included.

I{ must be noted that the amounte of charcoal produved include a
10 € allowance for fines screened out at the iron works and which canmot
be used directly in the blast furnaces.

The production of these fines appreciably increases the scale of
charcoal manufacture necessary io match various outpuis of pig irom,

For oost comparison with a metallurgioal coke plant it is necessary
to make a correlation relating to the lower fixed carbon content of the
charcoal i.e. to mult{iply charcoal plant investment oost by % = 1,21,

It is assumed that all charcoal has a bulk density of 250 kg/m’.

(b) Investment costs for charcoal blast furnace plants

The investment costs will depend largely on the type of squipment
chosen. This can vary from the simplest to the most advanced design
depending on looal conditions and requirements and partiocularly on the
scale of irommaking,

To estimate installation and investment ocosts as acourstely as
possible it is therefore necessary to oconsider various sises and types
of plant separately, )



g

(1)

(1)

(144)
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A small non integrated ironmaking plant - simplest, current,

spproved, efficient design and operation, operational costs
a8 shown in sector "a" of Table VI - A combination of sanual
handling and mechanigzation, Simple but fair oonditions for
storing and handling raw materials, etc.

Examples: 50,000 t/yr pig iron production.

One blast furnace, 150 t/day, about 3 m hearth diameter
with hoist charging, dry gas cleaning, 4 "Glendon" metallic
recuperators (blast temperature 500°C), blowers, iron ore
yards, stock house, screens, bins, soales. Facilitiss
for charcoal handling, storing and screening. Including
operational buildings and foundations.,

Medium sised plant integrated with steslmaking

Advanced but conventional design and operation, Operational
oosts as shown in section "d* of Table VI. Good oonditions
for storing and handling raw materials. All operations
msohaniged. Minimum neoessary instrumentation.

Exampls: 100,000 t/yr pig iron production.

Two blast furnaces, each 150 t/day, about 3 m hearth diameter,
with hoist charging, wet gas cleaning, five Cowper stoves (blast
temperature 900°C), blowers, iron ore yards, stock house,
screens, bins, soales, facilities for charcoal handling,
storing and screening, Including operational buildings and
foundations,

Large scale plant integrated with steslnaking

Modern, advanced design and operation. Equipment permitting

the use of all modern operstional techniques., Lowest possible
charcoal rate. Operational oosts as shown in section "c" of Table
ViI,

Example: 250,000 t/yr of pig iron production,

One blast furnace, 700 t/day, 6 - 7 m hearth diameter, with
hoist or skip charging, advanced wet gas cleaning, three Cowper
stoves (blast temperature 1,000%C), blowers, recirculation of
cooling water, iron ore yard, stook house, screens, bins, scales,
facilities for charcoal handling, storing and screening,
Including operational buildings and foundatioms,



Table VIII. vestment Costs for Charooal ' mufacture, Transport,

Storup_ etc., Up to Blast Pur. ice Bins.

C’pa.city of Charcoal Plant in

yr. - including 10" fines - 6 mm 40,000 170,000 700,000 1,700,000
".” "b" "c"
Charcoal gonmphon rate in blast 3.60 3.60 3.00 2.60
furnace’'m- /t.iron)including 10" fines |+ .40 + .40 + .30 + .40
4.00 4.00 1. 30 .
Related outnut of pig iron olant t/vr [10,000 42,500 210,000 566,000
Items of Charcoal Plant Invastment Cost in US Mollars
1. Reforestation and tree fellings -
Cost of new trees and felling 330,000 1,340,000 4,900,000 12,200,000
equipment
?. Wood transvort to kilns - tractors 240,000 220,000 850,000 2,150,000
and carts
3. Carbonization - beshive kilns 50,000 200,000 800,000 2,000,000
4. Tntermediate storage - h:iidinn _ 100,000 300, 000 700,000
5. Charcoal transvort to iron
making plants - truoks, excluding 50,000 340,000 1,200,000 4,000,000
railway
Investment cost - up to iron
making plant /items 1-5) 470,000 2,200,000 8,050,000 21,050,000
6. Unloadinr, storage, screening
plant, etc., at ironmaking 150,000 620,000 1,400,000 5,000,000
nlant
7. Rec2ption and cquality control 50,000 50,000 150,000 250,000
8. Maintenanoe shops for trucks 100,000 200,000 1,00C,000 3,000,000
US Dollars Total Investment 770,000 3,070,700 10,600,400 29, 300,000
Investment cost /m3 charcoal 19.2 18.1 15.1 17.2
Inves‘megt cost /t. oharcoal at
250 ke /m’and corrected to 857
fixed carbon)for comparison 93.5 87.7 73.5 83.7
with metallurgical coke
Investment cost/chharcoul {items 11.7 12.9 11.5 12.4

1-5 ahove orly) up to arrival
at irommaking vlant ' see also
table V).
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It should be noted that the investment coat figures/t oharooal
do pot vary appreciably with the scale of plant and that a medium
eised plant (700,000 m3/yr) has the cheapest unit costs as the largest
Plants have more mechanization. Tis relative constancy of unit costs
arises from the msmall unit sises of kilns, trucka, trees, etc. used in
charcoal manufacture.

At present the investment costs of a ooke oven plant, under European
conditions of 500,000 t/yr capacity, would be 65,000,000 US$ or US$ 130 t/yr.
This oould be oompared with about US$ 84 for a similar size of charcosl
plant,

Furthermore the investment costs/t/yr for a coke oven will increase
very substantially if the input is small - less than 500,000 t/yr, Whereas
the investment oosts per ton/yr for a charcoal mamfacturing plant are
substantially independent of output and thus are favoursble to suall
outputs.

Thus, it can be stated that the investmenta/t/yr of charcoal, are
muck lowsr than for a coke oven plant. An important aspect when comparing
the two types of installation is the fact that the charcoal kilns and
many other items can be totally built locally which is not the oase for
a ocoke plant. PFor countries in a developing state, the manmufacture of
charcoal representa a very economical and simple solution, allowing the
application of a maximum of local resourcea.

It is oonceded that the comparison has been oversimplified, as
in a ooke oven plant with recovery of by-products, the part of the
investment for the chemical equipment is important. The correoct
oomparison would be between a charcoal plant with recovery of by-
products tut no figures are available. On the other hand, the neceesary
investment figure for the ocoal mining has been omitted in the oomparison
whilst the forestiry has been included in the invostment for charcoal.
When comparing the value of land for forestry and that of s ooal mine, it
can bs said that the value of land gensrally increasee with tims, whilst
thovdmofaoullimhuatmuhmuaunltofito

natural oontinuous depletion. One ie renswable, the other an exhaustibdle,
source of energy.
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Table IX.
Ironmaking capacity and type 50,000 t/yr 100,000 t/r | 250,000 t/yr
of plant type 'A’ type P type 'C’
Investment costs itemised Us USs $ Us s !
1. Cost of complete plant in
Prasil 3,000,000 6,800,000 15, 400, 000 .
2. Bngineering ooste (14% of 1) 215,000 500,000 1,150,000

3. Packing of equipment, shipment
overseas, location, erection,

etc. (205 of 1) 600,000 1,360,000 080, 000
4. Contingencies (5% of 1 + 2) 160,000 365,000 970,000
__Total Cost 3,915,000 9,025,000 | 22,500,000 |
Investment cost/t. pig irom Us $80. US $90. Uss 82.
Table X.

Irommaking capscity and type 50,000 t/yr 100,000 t/yr | 250,000 tAr
of plant tyoe 'A' type '® type 'C'
Ttemiond *""":‘*p;':;:n Us 8 Us- s Us 3
1. Irommeking plant (see table IX) 80 90 82
2. Charcoal making and delivery
(items 1-5 of table VIII)
(a) US $12.9 x 4.0m3/t. pig iron 51.6
(b) US $11.5 x 3. 30w /¢, * " 38,00
(¢) US $12.4 x 3.00w°/4 ™ * 37.2
Total Investment Cost/t. Pig 131.6 128.00 119.2 .

Note: 1.Thess costs 40 mot include land purchase for the worke and forest. -
mfmnlmwniumimmumummm

making costs.

2.Al190 excluded are in plant trensportation coste and general
infragturecture coste. )

3. The irommeking capacities quoted in tables IX and X for plant
tynsl,!andcunotmctly-tahthonmmuuuo
VIII, s, b and ¢, but the resulting differences in investeent
ooste per ton iron are negligable .

vt e s i i e
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(c) Oomolusion %o investment oot emalysis .

The difference in iron making investment costs betweem plants types (4)
and (B) table X - US $10/ton more for plant (B) -~ arises mainly from the
difference in blast heating by metallic recupersators or ocowper stoves.
However, there is a saving in specific charcoal consumption in plant (B)
amounting to 0.70 13/t pig iron (see also table VI). Throush this redunoed
charcoal usage the investment costs for related oharcoel mamufacture is
reduced by about US $13/ton of iron. Thus the oversll investment costs for
pig iron manufacture from reforested charcoal (tabdble X) is about US $3/ton.
less for plant B than for plant A. In addition there are savings in

direct costs, shown in Table VI, amounting to about US$10/tom of irem
for plant B,

The investment figures for the small and medium sised irommeking plants
of simple design, types "A" and "B" are modest and will therefore not
represent a heavy financial burden on the economic possibilities of
dsveloping countries.

As the ecquipment are of gimpls design, it may be possible to mamufscture
part of them in the destination countries which are generally in an initial
stage of industrialisation. Examples of such equipment are iron castings and
struotural steel work.

This fact does not necessarily represent a saving in costs tut it is
nevertheless relevant as it develovs oconfidemoce and experiemce in loocal
resouroces and possidilities.




T. ORGANISATION OF THE CHARCOAL BASED IRON AND STEEL INDUSTRY IN BRAZIL

T™e industry is charscterised by its great variety of enter~
prises, all of them small or medium sised. In 1976 the industry Lt

produced 25 % of the total irom smd steel produots on the Brasilisn
market divided as follows: -

65‘ofoolddrumhu'llﬂm
100 £ of seamless tubing

50 # of alloy steels and stainless steels
100 € of oemtrifugally cast iron pipes

90 % of iron and steel castings

50 € of steel forgings

The industry ocomsists of threc principal groups:

a. The integrated steel producers
b. The non integrated pig irom producers
©. The iron producers integrated with pipe and foundry produocts.

Principal data on the existing ecompanies are given at the end of this
section,

There are 10 companies founded between 1920 amd 1950. EBight are
private and public companies amd two publicly owned and comtrolled \y
the Governmemt.

Industrial steel production waries from 50,000 iangot tems/yr to .
800,000 t/yr amd thres compamies, Acesita, Belgo Mineirs and Nemmes-
-m“mumwmmmumoo.ooot/p. -
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Pig iron production. In 1976 1,700,000 tcns were produced in 28 blast
furnsces and three slectric reducticn furnaces.

The pig iron producticn of the integrated ocompanies is now
ingufficient for their steel producticn. The defioit of metal
(quantity of approx. 5004000 t/year) is covered by supply from the
non-integrated charcoal pig iron producers and, to a small extent,
by scrap. MNost steel producers are increasing their pig iron
production capacity tc become independent of outside sources of
supply.

w. The mors important steel companies have subsidiaries
vhich produce part of the nesded charcoal. Ancther part is bought

from independent suppliers or from contractors producing under company
supervision. The trsnd is tc produce an increasing proportion of
charooal by the subsidiaries to control prioce, production and quality.

Reforestation. The larger companies do their owm reforestation through
the above mentioned subsidiaries, in part with tax incentives. The
smaller companies sometimes pay specialised reforestation companies for
this activity. These companies work exclusively on tax inoentives froa
private pecple and from companies.

Nining, The large companies have their own cre mines and operate
through subsidiaries. The smaller companies dc the mining directly
or buy the iron ore from independent mines. All the mining is open pit.

Steel otiom. In 1976 - 2,600,000 ingot tons, 30 % of Brasil's
total. 40 € is produced in small (20 - 60 t) basic open hearth furnaces;
this tonnage is decreasing. 40 % is produced in basic oxygen vessels
(20 - 45 t) of LD type; this tonnage is increasing with the use of
larger vessels. 20 £ is produced in electric arc furnaces (20 - 40 t
capacity).




Expension plans. All the charcoal based steel companies have plans
to expand their production capacities, following the guidelines of
the "Naster Plan for the steel industry”, laid out by CONSIDER,
which ia the Government Planning Agency for the steel and non ferrous
metals industry. These plans majorly aim at increasing pig iron
production and in reaching self-sufficiency in charooal supply.

Neasures to meet these aims include:

(1) Modernisation and mechanisation of charcoal production methods.

- To improve charooal yield from wood.

- To improve charoocal quality, inoreasing fixed oarbon ocontemt
to 75 %.

- To improve kilm productivity.

To reduce charcoal costs, or at least to comtrol thea.

(i1) Improvement in blast furnace performance and produstivity.

= By improved burden preparation - more sinter
= By inoreased blast temperature

= By oxygen blest enrichment
= By injection of fuel (e.g. charcoal) through blast furmaos tuyeres
= By high top pressure

(441) Installation of .ew major equipment.

New sinterplants to give 80 -~ 100 £ sinter burdems resulting ia
lowered charcoal rate and increase in irom output.

New, larger, blast furmaces to increase outputs beyond presemt
mazisus of about 700 t/day.

New larger Cowper stoves to incresse blast iemperstures frem 8%%
to 1350°C resulting in redmosd charcoal rste.
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(iv) The use o direct reduction processes using charcoal fines, the
resulting sponge iron to be used as additional metal supply for
slectric arc furnaoces.

(v) The non integrated oharcosl based iron producers.

There are 60 companies, mostly family enterprises having ocapital
of less than US$ 300,000.

Pig iron production. In 1976 - 2,000,000 t, 25 % of Brasils total,
produoced in 91 blast furnaces. These vary from 30 to 200 t/day
capacity but 70 % produce less than 80 t/day.

Chgrooal supply. Due to the rapid increass in mmbers of blast
furnaces charcoal supplies, have, sometimes, dbecome critical and are

of utmost importance. During periods of scarcity charcoal prioes

have temporary increased 40 or 0 %.

Nost charcoal oomes from the brush Tegion and is supplied by independent
producers. The large ocompanies, e.§. Cimetal, partly bty charcoal and
partly produce it. The trend is to increase their own production.
Practically all the charcoal is transported by trucks distances of

100 to 400 kms and the average distance transported today is probably
more than 300 kms.

Yoregtry. Sinoe 1966, when legal mandatory reforestation wes intro-
duoed together with tax inoemtives for this sctivity, the pig iron
producers had reforested a total of 160,000 ha by 1976. This area
is imsufficient and is now being increased with the help of an
assistance programme and tax inoentives.

Charoocel quality. This is irregular and frequently poor as the charcoal

is produced by thousands of small, independent, manufacturers with little
operstional technology and poor supervision. Progress in this field bas
deen diffioult snd thersfore slow. The moisture varies with the season

of the year, from 10 to 30 4. Lately moisture comtent has become ocontrolled
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through the general use of plastic or canvas tarpaulins during truck
transportstion and by the use of oovered coal houses for storage
before transportation to the blast furnace plants.

The generally accepted minimum oharcoal gizge is 10 mm; however, some
companies aocept six mm, About 15 - 20 % of fines less than six to 10 mm
are screened out of the charcoal at the blast furnaces. These fines,

at present, are hardly used for any purpose.

Mining. The ore for the Minas Gerais blast furnaces is supplied by

30 small and medium private owned mining companies which produoe between
1,000t and 15,000 t of ore per month. The mining installations are simple
but effioient. All ore is transported by trucks and the distances from
the mines vary from 10 to 100 km. At least one company does its own ore
transport. Most use independent transporters. The Siderama bdblast furnaoe
plant of Manaus, Amasonia, is located on the Amason river and intends to
bring ore by boat for a distanoce of a few miles.

Products. This group of iron makers produces most of the iron oonsumed

by the Bragilian foundry industry, with exosption of three iron pipe
foundries and the Esparanga plant which produce their own liquid ironm.

The captive foundries of the Government oontrolled coke based steel plants
are supplied with coke blast pig iron. The group supplies approximately
500,000 t/yr of iron to the integrated charcoal and ocoke based steel
industry, whose own blst furnace production is either insufficient or
temporarily reduced during furnace shut-downs for relining or other reasoni.

In consequenoce of an efficient Government planning for the economic
development of the country, the capital goods industiry, including the steel
industry, is oontinuously growing and requiring ever inoreasing amounts
of foundry iron. For countries like Brazil, in a phase of industrial -
expansion, it is generally estimated that the demand of cast. iron and
steel castings corresponds roughly to 10 % of the yearly crude steel
production. This figure inoludes the consumption of castings by the iron .
and steel industry itself, like ingot molds and stools, slag poim rolls
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and spare parts. The capital goods industry is also a large oonsumer

of castinge for its industrial activities: Suoh as mechanical and
electrical equipment manufacturing, automobile and tractor manufacturing,
the mining equipment industry, as well as the mines, the construction
industry and the shipbuilding yards. All such iron and steel castings
are made in Brazil.

The Brazilian scrap based steel remelters - eleciric and open-hearth-
with a steel production capacity of two million tons per year, suffer from
& periodic deficiency of scrap, which, in times of scarcity and consequently
high prioes, is complemented by charcoal blown pig iron.

The resulting domestic pig iron demand will thus rise to 1.8 million
tons per year in 1980 and 2.0 million tons per year by 1982. To this
must be added the export of pig iron. This has fluctuated during the
last 10 years between 100,000 and 800,000 tons per year. At certain
periods the export has been curtailed and even suspended by the Government
because of strong increase of the domestic demand. At other periods,
e.g. 1975 - 1976 - 1977, due to the international situation of the steel
industry, the pig iron external demand in the highly industrialigzed oountries
has diminished substantially.

Despite these fluctuations the experience over many years has shown
that in normal times there is a regular export market of 600,000 to 800,000
tons per year. It is also important, in order to guarantee a steady and
regular export market, to create a good customer servioe with warehouses
in the foreign countries. At least one pig iron producer and exporter
has done this with success. Thus total pig iron demand will rise to
2,500,000 t by 1980 and 3,000,000 to by 1985.

(c) Charcoal based iron founders of pipe and foundry products

There are three companies producing cast iron pipes and one foundry.
All the companies produce their own molten iron. Total pig iron pro-
duction in 1976 was 430,000 tons of whioh 200,000 tons was oast iron pipes




in diameters from 90 to 900 mm.

Large scale production of oentrifugally ocast irom pipe started in
Bragil in 1935 with the Ferro Brasileiro plant at Caeté, Ninas Cerais.
Cast iron pipe is of great imporiance in the development of the country
as an indispensable sanitary element for the water supply and sewer
system of towns and cities.

Beside the centrifugally oast pipe, the companies cast all ihe
necessary hydraulic pipe soccessories, connections, cocks, hydrant
valves. The fm'mdrin also cast engine blocks for the automobile and
shipbuilding yards, sanitary ware, ingot moulds and stools for the
steel industry.

Sinoe 1970 an ever increasing amount of the pipe production is
made of nodular, or ductile, iron which has a much higher strength,
better slasticity and ductility than ordinary grey irom. A oertain

amount of the pipe produotion is regularly exported, mostly to the
USA and to oountries of latin America. '
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8., BRAZIL IRON STEEL ENTERPRISES AND PLANTS (1
TABLE XI
Plant Location Number and I'Pig Iron Produc- n or Steel Steel plants and
oapacity of B.F. tion t/yr dry t/yr ingot stesl t/yr |

Founded 1920

1, Companhia Siderurgica Belge-Mincira, 30 % ARBED Luxembourg, 70 % Brazilian public
45,000 shareholders,

Sabard 2 x 150 t/day 100,000 122,% 20 60,000 .,
K ; el 6, %+ open hearth
nas Gerais to bs shut down
Monlevad 1x 200 t/aay
Minas Gerais |3 X 450 " 500,000 - 220,000-0.E.4242 t
1x 800 " Propably to be
Under construction changed to 1x60 t
electric
520,000~ 2x42t LD
Total 600,000 800,000-
0 be increased Being gradually
o 800,000t by1979 expanded to1,000,000
2. CIMETAL - 59 ¢ Private 41 % Public. Mouaded 1969 .
Sete Lagoas 1z 8 t/day -
Minas Gersis 2 x200 t/dmy -
Itauna
Minas Gerais 7 x 60-120 t/day -
, . 400,000
Reiva Viectoria £200 -
State of Esvirito 2 t/day 100,000
Santo 60,000 - OF 2 x 30t
Bavao de Cocais |2 X150 t/day 20 t LD vessel
Hinas Gerais 1 x 250 t/day being srected
.{being erected Production being
inoreased to 240,000
_J
3. ACESITA - 70 7 Banco de Brasil 30 % Public. PFounded 1944
Tonbtes 1x 4% t/day 150,000  [Jrom 15,000 (120,000 - 3 Electrio|
Minas Geraie 12150 t/day Arc
Rectric Redncti
Furnace (17.500k:: 20,000 - 1x20%
Total 1977 200,000 Bessemer
1 2 900 t/day 1000 180,000 - 1 x 30t LI
320,000
under oconstructi Being increased to
Total (1978) 500,000 700,000
Muture expansion to
1,000,000
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Plant lLoocation

Number and
i f (] .

Pig iron produc-

%

4. Companhia Perro Brasileiro - Itau Bank and public, Founded 1931

Iron or Stesl Steel plants and
h 3 ingot [

Caaté
Ninas Gerais

-

160 4000

90,000
ocntr{mplly -
spun oast pipes
20,000 Iron
casting

5. Companhia Siderurgica Mannesmann

10 4 Marmesmann Germany, 30 % Braziliar public.

Founded 1952
Barreiro 11 700 t/aay 220,000 260,000 Electric aro|
Belo Horigonte |(Designed for ooke - furnaces with
Minas Gerais but using charooal in-plant and
|2z 200 t/day 150,000 %g,ooobougm scrap
Elsctric reduction R 2x30¢+W
furnaces( 1390 XVA) 370,000

capacity being ip-
creased to
1,000,000

6. Lafersa, Family owned. Founded 1953

lcmm Industri 1z 150 t/day

Belo Horisonte
Minas Gerais

60,000

40,000 11 25 0.

7. Paing Private - Pragilian and Cerman (Xorf) plus Brarilian Public. Pounded 1953

Divinopolis
Yinas Cewmis

5 - from 25 to
140 t/day

150,000

150,000 3x40 ¢ 0.E.
to be changed to
1240 ¢t L.D. and
1235 t Electric
Expansion planned
250,000

N

8. Usina Isperanes - Pamily owned. Pounded 1900

Itabirito
Minas Gerais

4 - from 60 %o
150 t/aay

130,000

Irom: 10,000 -
Steel 5,000

9. Cowpanhis Barbard. Privats.

Saint Cobain - Pont } Mousson - Franoce
and Bragilian Private and Public. Founded 1937

Barrs Mansa
Rio de Janeire

200 t/day Kleotric
Reduction furnaoce

110,000
Expansion to
130,000

100,000
ocentrifugally -
spun oast pipes
104000 Iren
ocastings
Total expansion %o
130,000
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National Steel Co. controlled by Siderbras.

Plant Loocation and 1z iron produo- |iron or Steel [Stesl plants and
capacity of B.F. tion t/yr Foundry t/yr ingot stesl t/yr

10, Siderurgica Barra Mansa Mamily owned. Pounded 1936

Barra Manss 2 x 120/160 t/day 230,000 4x25 ¢ O.K.
1z 110 in Xinas 140,000 _ @12+ LD

Gerais
Rio de Janeiro 1 2 600 Projected [To be increased ITo be increased to
to 350,000 500,000

11, Siderurgica Lanari - Private and Public. Founded 1953

Paracambi 1 x 150 t/aay 50,000 §0,000 1 x 40 ¢ O.

Rio de Janeiro

12. Siderurgica Mogi’ das Cruses (COSIK). Pounded 1940. Simce 1967 it is s subsidiary of

Nogi das Cruses [2 x 150 t/day 300,000
- 1 x 400 t/dny 5x60 ¢ O.H.
Sa0 Paulo coke furnsoe 200,000 - 184
occasionally oper 11 ¢
ated or charooal Reoctri
13. Aliperti - Family owned. PFounded 1924.
Sao Paulo 2 x 170/300 +/day 170,000 - 300,000 4:2730
Capital . £40/65 0.E.
1x22
goctric ard
14. Thyssen Pundigoes S.A. (Pormerly Montane) Oermen.- Founded 1968
Natozinhos 2 x 100 t/day 70,000 24,000
Minas Gerais oentrifugally
spun oast iron -
pipes -
6000 Irom
\ Castings
15. Sixty Mostly Small Fasily Owned Companies. Founded 1937/1975
Nostly in Western|91 x 30/100 t/day | 2,400,000 a fev foundries
part of Pig iron sold
Minas Osrais for steel plant
One in Manaus foundries and
One in Corunadé «xport.
Three in Espirito
Santo
Total 75 Companies . . 4,000,000 +600,000
Nostly in 139 x 30/700 t/dayl l;rutu in od by
Ninas Gerais 1995 wp to 1986 wp 3o
3. Feduction 8,000,000 4 500,000




SECTION 2
THE TECENOLOGY OF REFURESTATION AND CHARCOAL PRODUCTION IN BRALIL.

1. CHARCOAL PRODUCTION

(a) Ceneral considerations

This basic activity is the most important and difficult part

of the charcoal based iron and steel industry. Unlike the activi-
ties of coal mining and the manufacture of metallurgical ooke,
vhich are alweys conoentrated on a small area, the activities
related to the manufacture of charoocal, as practiced in Brasil

and specifiocally in the States of Ninas Oerais, Bahia and Espirito
Santo, ococupy an ares of approximstely 200,000 sg. kbms 3.5 milliom
tons per year of charooal are produced on this area. This quantity

may be illustrated as & ooal or, better a coke field, spread out

over an enormous extension with a seam thickness of one cn and &
ospacity to supply five million tons per year of charcoal during
one oentury,

Apart from the larger well organized nharocoal ranufacturing
oenters operated by the integrated steel ocompanies, the charcoal
is produced by lundreds of independent suppliers, in thousands of
beshive briock kilns, Some of the difficulties encountered, whioch
ars mostly a result of the continuously growing demend of charooal
by the iron «nd steel industry, are: MNany of the charooal producing
regions opened in the course of the last years are situated in poor
parts of the oountry, at ever increasing distances from the iron and
steesl plants. The steel companies have to make the necessary besic
improvements like housing, medical care and schools, beforse installing
charcoal production centers.

In oertain regions, with important seasomal rainfalls, the
charcoal production activities are reduced during the height of the
rainy season, due to the difficulties of forest activities, charcoal
manufacturs and transportation.



The small independent charocoal suppliers, as well as the rurel
labour occupied in the charvoal related activities, have generally
a poor educational background and little knowledge of the art

of oharooal mamufacturing. As s consequence, the average opers-
tional practioe is rudimentary and the charoosl quality is not

the best suited for blast furnace operation. Technical progress
in charcoal manufacturing has been slo and little improvemente
have been made.

The most important iron and eteel companies are well aware
of these facts and are making great efforts to improve the exieting
conditions. The Federal and State Authorities are also very in-
terested in the problems. Several Government eponsored research
studies have been made, containing practical suggestions for im-
provenents.

Some of the measures gradually being taken by the irom and steel
companies are:

Large scale mechanized reforestation activities.

Choice of the beet suitable seeds for sach region.

Trend to produoe all the neaessary charcoal by the iron and steel
comvanies themselves.

Training of labour and good supervisiom,
Concentration of the operations of charcoal manufacture in fewer spots
than at present to allow an industrialisation of the sotivities.
Improvemsnt of yields through better operation.
Research and experimentation work in forestaticn and charcoal manufacture.
As 8 consequence of the growing needs for oharooal by the iron and

steel industry, the rapid ohanging of eome local oonditions and the action

of the Government, it can be foreeeen that the charooal manufacturing

activity is entering a phase when 0ld fashioned practices will give way

to properly planned methods. Although all these problems apply to Brazil

and, more lpocifidally to the three above mentioned States, they may aleo

be applied to any other country having eimilar climatic, social and

economic oconditions. *



(b) Hature) Forests
Virgin Forests
These forests represented, until 30 years ago, the principal !
suppliers of charcoal. As the initial yield of wood per hectare
was very high,~ 300 to 400 steres - and the total required charooal .

quantities were modest compared to the present consumption, there
was & Wide-spread opinion among the managers of the iron and steel
oompanies that these forests and their sucoessors, the naturally
regrown forests, would allov a permanent charcoal supply for the
stesl mills. However, in a few decades, these large foresis were
depleted. An example are the once vast virgin forests of the

Rio Doce Valley in the State of linas Gersis, where some important
charcoal based iron and steel plants are looated.

This depletion was partly the result of a poorly organised
charcosl production activity, but principally through the undis-
criminate destruction by fires which were set by the farmers and cattle
raisers in order to clear the ground as fast as possible from cumber-
some fallen tree trunks and underbrush and to prepare it for farm and
pasture land. The ashes also represent a good natural fertiliser.
Ocoupation of the land by these activities was of primary impor-
tanocs and charocoal manufacturing was a seocondary activity. As »
oonsequenoe of the rapid extinction of the native virgin forests,
the managers of the iron and steel ocompanies realised as soon as
the 1940-1950 decade, that they oould no longer rely on the virgin
forests and their sucosssors as a permanent charcoal supply.
The remaining virgin forests in the State of linas Gerais
cover an area of 50 000 km2 and are now sither protected by Law
as State Natural Parks, or owned by Jrersons who ars not willing
to fell them for the manufacture of charcoal. The Atlantic Wountsin
Range of the State of DIspirito Santo running parallel to the Atlantic .t
Oocean as well as parts of South Bahia are still covered with extensive
virgin forests. Some of these forests are being gradually used for
lumber and charoocal and the land transformed into ewocalyptus woods -
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for charcoal and pulp manufacture. Some land is being used for
farm and pasture activities.

The virgin forest:t wvhich still exist in the southern part of
the State of Goias have been supplying recently great quantities of
oharooal produced as the result of the gradual transformation of
these forests into farm and pasture land. It is erxpected that this
region will supply during e few years three million cubic m of charcoel
per year. USome very large agrarian projects are being undertaken
in that region with the financial assistanoe of the Government banks.
Beside supplying wocd for oharcoal, the virgin forests supplied lumber
for oonstruction purposes. All the iron and steel cormanies operated
their own sav mills whioh transformed the great logs into building
material for their steel mills and their housing proiects. Some of
this timber was also sold. In many plants, until the present day,
one can observe well conserved and still useful buildings, like
rolling mill bays, mainienance shops, offices, built with the timber
extracted 30 and more years ago fiom their virgin forests and saved
in their ovn sawmills.

Virgin forests can be very useful on oondition thet the forest
operations are executed with mich foresight and planning. The best
logs should be removed to the sawmills, the inferior quality trees
only transformed intc charooal. The Swedish examnle is very in-
structive in that respect.

Na b forests. {second h forests

Forests regrov mnaturally without the interferenoce of man when
the oonditions are right. It is most important to prevent damaging
fires, or at least to keep them under oontrovl. Ths cycle of re-
growth in llinas Gerais is around 15 years and the wood yield varies
between 100 and 200 steres per ha. It is of oourse a very simple
and cheap undertaking.

In Minas Cerais the natural regrown, ssoond grovth forests still
supply 30 “ of all the charcocal consumed in that State.
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Principally the largest of the charoosl based iron and stesl
companies make a very ool use of the regrown foresis which are situated
in the vicinity cf the iron and steel plants, in the so-called
"letallurgical Zone", scuth and east from Belo Horigonte and in
the before mentioned Nio Doce Valley. These areas being close to
the plants, cffer the advantage of a very cheap railway and high- .
way transvortation. They are, therefore, treated with special
care by the ccrmpanies vhich protect thex during the regrowing
oycle.

The brush wood (Savanna forests)

The vegetaticn cf the brush »ood is characterigzed by the short
and tortuous aspect of the tree species, vhose trunks are covered
vwith 2 thick bark. The leaves are veryv thick. The tree diameters vary
between eight and 20 cw. The brush wood country oovers 14C ,00C sq.lkm
of the total surface of the State of Minas OGerais,which is 590,00C sc.im,
and 14700,00C sg.k of the total surface of 3razil, -hich.ie 8,500,000
8q.in., revresenting thus 20 % of the total country. It is a vegetatiem
vell adavted tc the dry savannas cof certain parts of Brazil. In ilines
Gerais the brush wood arsas are located in the northern and western
portion of the State, having no raine during four to five momths periecds,

To-day the brush woods are the most important supvlier of char-
coal for the iron and steel industry, »roducing 6C % of the total
charcoal. They alno represent the only important vocd reserve for
ranufacturing charcoal during the next 10 years.
The wood vields are very variable, between 7C snd 20C steres’ha.
Due to the tortuous shave of the trees, the thick bark and the small
log dianeters, the vield wood to charcoal is lovw, anprox. three %0 3.5
steres/m2 of charcoal. Average, thres steres, *

Tor some time past, due tc the importance of the brush wocd as
charcoal supplier and charcoal reserve for the future, and also
for its possiblities as future farm- and pasture land, the Govern-
ment has demonstrated a high interest irn the rericn and has created
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eome incentives for the eams.

An important aspect is the natural regeneration of the drush
vood. Studies, observations and expsriments are being undertaken
in order to know the conditions which most favour the natural re-
growth of the brush wood. lmuoch reesarch work must etill be done
in order to gei a better knowledge of these conditions and to make
use of them for a faster regeneration of the brush forzsts.

The following table shows the increase of wood yield and the
total yield of eome naturally regenerated brush:
Table XL 5110 15 (20 [25 [30 |35 |&

in vears
roiel average yield
stere/he 16 | 67 | 108 [140 |158 | 195 [208 {210
Cycles in Years 0/515/10[10,/15] 1520} 2025| 2580 3935| 35/40

Increase of average
yield steres/ha,yr | 3421062 8 |[7e2 {566 |46 | 202 | 143

The table shows that the cycle or rotation time should be
at least 10 yesars and not exceed 20 years because after this period,
the yield decreases eharply. It ecems that the ideal rotation time
or cycle should be about 15 years, when the brush wood will yield
an average of 108 steres/ha.

Some succeesful very large projects with eucalyptue reforesting
in former bruehland are nov being executed by eeveral of the larger
charcoal basmed iron and steel companies princinally Belgo iiineire
and Acesita. Brushland ir still the cheapest aveilable land in Braril
at US" 40-80/ha. Brushland is relatively flat or ondulated and there-
fore offers fair oconditions for intensive mechanization of the oper-
ations of land prepvaration, +tiree planting, wod cutting and trans-
portation. These projects are all executed with the help of epecial
tax incentives which are much higher for the brushland areas than
for other arsas. The distances fror these areas which are being
reforeeted to the iron and steel vlants varr betveen 200 and 500 km.
Tor the more remote areas eo™¢ railway transport is being used.



2, REPOEESTATION BY ARTIFICIAL, MAN MAIE, PONESTS

As sarly as 1940 the charcoal based iron and stesl companies,
particularly the larger ones, began reforestation.

Ammng the reasons for this were:

(i) Progressive depletion of the once large forest reserves lo-
oated in the vicinity of the plants.

(11) Deceptively slovw natural regeneration of the forests.

(4i1) Continuous increase in distance of charcoal supply and, oon-
sequently, of the charooal price.

(iv) Necessity for ocontinuity, regularity, reliadility and indepen-
denoe of charocoal supply.

(v) liscessity of prios oontrol.
(vi) Necessity of quality oontrol.

(vii) Increasing scarcity of rural labour in the vioinity of the irem
and steel plants. Peovle preferred to work in the plants which
offered better wages and living oconditions.

(viii) Increasing of wages and social overheads in the rural areas and
therefore necessity for mechanisation of the forest and charooal
aotivities.

(a) OGovernment action

Despite the nsed for reforestation implementation would have
been slow and restrioctel to work by the larger steel companies if
the Government had not taken direot action through the following

neasures.
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(i) Legal obligation of forest renewal.

Sinoe 1965 all oharcoal consuners must reforest eight trees for
each m3 of consumed charcoal. Other wood consumers must also

reforest.
(11) Since 1966 tax inoentives in the form of tax credits.

Those oredits are:

Individuals can reduce their inoome taxes up to 20 % and
companies up to0 25 ‘e, subtracting the amounts invested the year
before in reforestation projects. These figures are presently
(1977) veing revised. The reforestation projects uay be executed
by the iron and steel companies or by specialised indeoendent
copanies. ‘The folloing Aeadlines have been fixed for the re-
forestation projeots:

By 1985 all wood and charooal consunming industﬁ.n must be
50 ‘» sslf-suffioient in their supply of wood from man made forests.

By 1995 they rust be 100 % self-sufficient from thess forests.
The reforestation orojects with tax inosntives must be offioially
approved by the Bragilian Institute of Forest Development which
bas fixed a series of standards for them. Some of them are:
In orcder to oreserve the indigeneous tree spvecies and vegetation,
20 % of the original vegetation cover must be maintained. Of the
total vianted treer, one peroent must be of a native tree species,

(®)The importance of forestation for ilinss Cerais and Brusil
The two Covernment actions had a most important impact on the
wvolune of reforestation in the State of linas Gerais and in the
whole oountry, as the following figures of the Brasilian Institute
of Forest Development, IBDF, demonstrate:



] Tabls XIII Reforestation in Bragil 12‘%—_1216

Psriod Reforested area Total reforested area
in FKinss Gerais in Bragil

1950 -1966 100,000 ha 350,000 ha

1967 - 1976 }_65,000 ha 2,12.000 ha

Total planted ares 465,000 ha 2,500,000 ha

mostly eucalyptus 70 % eucalyptus

Planned plantation in 1978 for charcoal, pulp and paper indus-
tries are:

Minas Gerais:. . . » « 156,000 ha (=90 % eucalyptus)

Sao Paulot . « « o » o 264000 ha

Parank: . + « ¢ o « o+ 51,000 ha

Bahi®: « o « « o s o o 354000 ha

Mato Grosso: . . + « » 40,000 ha

Other States: 192,000 ha

Total Bragil 1978: . . 500,000 ha (-70 % eucalyptus)
This yearly figure will soon be increased to 600,000 ha.

Thanks to the recent great progress in the reforestation activity,
Bragil now ranks fourth in the world in reforestation.

1. Chinat « » « o« o » o « 54000,000 he/year.
2. U.S.S.Rut + o o o o o 295005000 ha/year.
3. U.S.Aet o o o s o s o 800,000 ha/year.
4. Bragil: . . . .« . o 500,000 ha/year. Soon to be increased to
600,000 ha/year.
The needed reforestsd area for 100 % welf-sufficiency is caloulated
on the following basis:

Blast furnaoe charcoal Tate: . . « o ¢« o o ¢ o ° ¢ 3 m3/t of pig iron.
Ratio wood t0 ChArcoml: « « o o o o o o o o * o 2 st/m3.

Ratio wood per tan of pig iron: « « « o ¢ o s o o0 6 st.

Forest yield of wood/ha/year: .« . « ¢ « o o ¢ ¢ ¢ 20 stores.

e e ——
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Total neoessary reforested area per t/year of pig iron:

6
'50 - 0.3 h.

-

Considering the mardetory maintenance of 20 % of the original
oover of vegetation and non-planted areas covered by roads and
other non-productive surfaoces, the theoretical figure must be
multiplied by 1.25.

Total necessary reforested area per t/year of pig iron:
043 X 1,25 = 0,375 ha
For the State of liinas Gerais, which produces 80 ¢ of the

total Brazilian charcoal pig iron:

Year Iron output Necessary reforested area
1980 4,400,000 ¢ 1,650,000 ha
1986 694004000 t 2,400,000 ha

Taking in consideration the total reforested aresa of ilinas Cerais
in 1976 of 465,000 ha and the yearly(since 197f)reforested area of
1564000 ha, 90 % of whioh is represented by sucalyptus forests for
oharcoal manufacturing purposes, it can be forecast that the mandatory
selfsufficiency of S0 % in 1985 and 100 % in 1995 will be reached.

Although in liinas Gerais the yielG of eucalyptus forests does, on
the average, not yet reach 20 st/ha/yea.r, being closer to 15 st,
it is expected that in the near future yields of 25 st will be obtained
due to a better ohoice of the seeds, better soil treatment, principally
through fertilizing and better forest maintenance. In the State of
Sao Paulo yields of 25 and 30 st/ha/year are oommon.

There existed, until reoent times, some doubts as to the ospability
of some of the small non-integrated producers of pig iron to reach the
fixed reforestation quotas, There have been delays in their reforest-
stion programmes due, mostly, to financial difficulties. The State
of Minas Gerais, through its Program of Assistance to that industry is
helning these oompanies to overcome their difficulties so that they
can oomply with their legal obligations which are, also, eased by
the tax incentives.




(¢) The Euocalyptus tree

Nowadays the eucalyptus represents the only tree species used
in reforestation for charcoal purposes. The reason for this is
its rusticity, adaptability to a great variety of climates, soils
and altitudes, its rapid development and high yield, its resistance
to pests and diseases, its good regenerative capacity after having
been felled at least three times in seven years cycles and its exvellent
raw material for charcoal. These qualities have no competitors
among the other native trees, some of which have been tried in
reforestation projects some 30 and 40 years ago. The eucalyptus
tree has also good qualities as building material and for poles,
which are generally chemically treated in order to increase the

resistance against rotting.

Some Brezilian native trees of the leguminous family give excel-
lent results as to charcoal quality, but the drawback has always
been the slow regenerative development of these trees onoe they

| have been felled. All these projects have therefore been abandoned.

However, all the best species of native trees are regularly
planted, preferably in ravines and groves, among the large
sucalyptus forests. Beside reoresenting a reserve of indigenous
trees for the future generations, they constitute a natural barrier

against diseases and pests and help to maintain the ecological

equilibrium,

| Frequently clusters of naturally grown trees are spared from
| being cut and left growing. They represent a protection against
the drying out of the natural water resources. (See also: Jovernment

regulations as to natural species.)

Nevertheless, even oonsidering the good qualities of the
eucalyptus genus, it is necessary to make the correct choice of
the species and varieties in accordance with the origin of the
gseeds which are used and the climatic conditions of the regions to

be reforested. Other important factors to be observed are:
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The period at the beginning of the rainy season when the
trees are planted. The treatment of the soil before plantation
and during the forest growing period. The fertilizing of the

goil. The preventions againet diseases, pests and fires.

From the hundreds of exieting eucalyptus species, the following
have given the best results as to fast growth, resistance to
diseases and peste and good yields:

Euncalyptus grandis, saligna, alba, paniculata, tereticomrmis,
citriodora, maculata and microoorys.

The trees a -~ planted at altitudes varying from the gea level
to 1400 n. Although some of the chosen eucalyptus species are gome—
times not the best suited as to charcoal quality, for example
Zucalyptus grandis, they are nevertheless intensively planted due
to their high yields of wood per he and year. The best charcoal

quality is obtained from eucalyptus paniculata and citraodora.

The best suited eucalyptius species depends muoh on local
conditions and is being continuously researohed by the Forestation
Departments of the Government, the Agricultural Univereities, the
rore important iron and steel companies and the specialiszed forest-
ation companies. As a result of the continuoue etudies, a peforest-
ation map of the State of liinas Gerais has been established,
dividing the State into 10 gzones according to the characteristics
of the topography, soils, climatic and pluvial conditions. For
each zone, the best suited eucalyotues (and pine species for pulp
and paper) have been indicated. Sometimes, in Brazil, the

intensive reforestation programs with eucalyptus trees are

. eriticized for drying out the soil, loss of soil fertility

and decrease in the fauna.

These criticieme have proved groundless. The chewical
examination of the forest soil after several years of planta-
tion showe an enrichment of its minerals content. As to the
supposition that the euoalyptus dries out the soil, it has no
scientific basie as is proven by the successful exmerience with
eucalyptus forestation in countries with pluvial conditions of

300 to 700 mm per year. These countrieg are: Angols,
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Argentina, Chile, Isrsel, Italy, Kenya, MNorocoo, Peru, Portugal,
Thodesia, South Afrioa, South Spain, Turkey, part of the USA,

It is a well known fact that these countries have scarce hydrsulic
reserves but nevertheless they ocontinue to plant sucalyptus forests
without depleting their scaroe wa‘er resources. As to the decrease
of the fsuna, the contrery has hsgpensd, as the mmber of small deer
and larger birds is increasing, Howsver small birds sometimes find
pesting difficulties in the eucalyptus trees, dus to the absence of
brenches,
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3. ORCANISATIOR AND OPERATION OF FORESTATION

The goal of the forestry activity is to make the iron and
steel oompanies self sufficient in wood and charocoal supply.
Ths smaller companies, principally the non-integrated produoers
of pig iron, exeocute their rsforestation projects through inde-
pendent specialised reforestation companiss which have been founded
in great numbers since 1967 as a ocnsequence of the tax inoentive.
Thess companies own or rent the necessary land for the reforestation
projects or plant on land owned by the iron and steel ocompaniss.

Ths forestry subsidiaries of the larger companies own most or
all the land, from 20,000 ha for the medium sised, up to 250,000 ha
for ths largest companies. Sometimes land is alsc rented. 1In
Ninas Cerais the propertiés are geographically widely socattered,
present a great variety of topographies, ars situated at altitudes
of 100 m to 1400 m and up tc 700 km from the plant.

In recent years there is & trand to oonoentrate ths forestry
activities on large pieoes of continuous hsld land. 4 multiple of
6000 ha, for instanoe 8 x 6000 = 48,000 ha, gives very advantageous
and economic operations of forestation and charcoal mamfacture. Each
year the trees on 6,000 ha are felled but only 2,000 ha are replanted
sinoe the trees regenerate twice after cutting befors replanting is
neoessary.

The overall planning of the forestry aoctivity is done years in
advanos and each year a special and detailed plan is traced. The various
operations to be executed in the course cof the year are sach determined three
months ahead. Ths forestry activities extemd over the whole year. They
are: Orowing of the seediings, preparation of the soil, planting, msintenanoce
stc.

Seeds

The seeds are pioked from special trees, carefully grown, protscted
and isolated in order to guarantee, as far as possibls, the pureness of
the spscies and, by sc doing, the qualities of the future trses. Some
seeds are brought from other places and even imported from other oountries
like Australia, South Afrioca.
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It is always important to bring the seeds from places with a
similar climate to that of the final destinstion. The quality
of seeds is very important and oontinuous research work is done
to determine the most suitable. Companies like Belgo ilineira
and Acesita intend to produce all their own seeds of a very high
purity.

(b) Tree murseries (or seedlings)

They are located on a rectangular, flat area of approx. 30,000 m2,
200 m long x 150 m wide. The ground must previously be flattened,
smoothed and cleaned from all vegetation by scraper blade machines.
Thig surface will receive seven million plastic bags containing the
peedlings. The seedlings muet exceed by 40 <. the theoretically
needed number of plants to compensate for losses arising from
froquent poor germination, loss of seedlings and the need to re-

plant previously planted areas where some trees have failed,

The area for the seedlings should be chosen for its easy access
by earth roads and should have sufficient water for regular sprink-
ling of the young seedlings, good position as to the sun and the
winds, and housing for supervision and working personnel etc. It
is important that the young plants be constantly watched.

The bottom layer of the soil it covered with sand or charcoal
fines whioh have been previously pulverized with Aldrin (5 %) in
order to avoid caterpillars and termites.

The mixing of earth and fertilizer for the seedlings bags is
done mechanically and the plastic bags are rapidly and exactly filled
at the rate of 8,000 bags/8 hours by a simple mechanical device .
operated by one voman.

The mixture filled bags are transferred to the seedling area, -
put on the ground sprinkled with water and sown with a special seedling
horn which drops five to seven seeds into each bag, The seeds are then
covered with a thin layer of sand and finally cut rice straw. 15 days
after germination, a fungicide is given, the healthiest seedlings
gselected and the bottom of the bags cut open. To obtain best results



(e)

and faster growing, it will be neocessary to make one or two more

selections. After 45 to 75 days, the joung shoots are ready to
be planted in the field.

Preparation of the field and planting

If the field operations are mechanised, th: land is cleared
of its vegetation cover by two caterpillar hulldosers which drag
a steel chain between them, 100 m long and weighing 50 kg per
linear meter.

The torn-out stumps, after drying, are removed by caterpillars
squipped with scraper blades. The stumps are used for charcoal
produotion. The operations which follow are:

Deep plowing, harrowing, subdivision of the field in rectangles,
making sufficient tracks for future forest operations, such as
hauling the wood and sasy accese in case of fire. Reoently it
has become usual to gravel the principal access roads as they must
be used during many years and st all seasons.

The planting of the young trees, immediately followed by watering
(sprinkling), is done just befors the start of the rainy season.

Where the terrain does not allow the use of osterpillars, the
opsration of removing the tree stumps is done by gratings, first
roughing, then final grating. Where no mechanisation ie poesible,
due to the nature of the terrain or unavailability of machines, all
operations are executed manually.

Nowadays the plant spacing is 3 x 2 m, resulting in 1,666 trees
per ha, for simplification the figure of 1,700 will be adppted.
Years ago, the trees were planted closer, but experience has shown
that greater spaoing is advantageous for better and faster de-
velopment of the plants, easier mechanical maintenanoce /.nd forest
operations. (Starting 1978, Belgo lineira will plant at spaces of
3 x 1.% = 2,222 plants/ha- Results will be known in several years.)
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Laohanical planting-

A special planting machine has been developed, patented and
built by Belgo Mineira which executes the following opesrations:
Opening of the furrow, exact addition of Aldrin in the exact spot
vhere the seedling will be plantod_, distridbution of the fertiliser
along the furrow and dropping of the seedling. The machine, which
plants 16,000 seedlings in eight hours, is operated by a total of 14 men;
w0 men On the machine and the trecter,12 men handling seedlings and
manually closing the furrow.

I3

The seedlingc are transported as far as possibdle by trecters
or trucks and then by mule packs. The holes are 'sade by men, the
seedlings planted and the furrows covered with so0il by women.

Hesding .

Where grass speoies predominate, a light howing mmst be dome
twioe or three times a year. When grass is not present a single
bowing may be sufficient. These opersticns can be done manually.
During the period of formation of the trees, it will ‘be neoessary
t0 weed three times a year with a special tool,

During the period of maturation, weeding must be done, manually
or mechanically, several times a year in order to suppress the under-
growth which impedes the good development of the trees. Sprout
cutting and weeding is done 12 months after ihe first felling during
the regrowth cycle.

Bests

Sterting with the field preparation, the aotivities of termites
must be oontinuously ocontrolled and fought. This hasard is permanent
and must be watched during the periods of maturation and regrowth
by night guards. Caterpillars are another hasard. Best results have
been obtained 'i:hrough biological ocontrel.
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(o)

Ziseapes

The most common disease in tree nurseries is a fungus whioch
attacks the seedlings. This is prevented and combeted with
insectioides. In the forests, the tree bark is attaocked by
another fungus, called "Diaporthe cubensis" which can cause
poor regensration of all eucalyptus species. The only effective
remedy is to chose fungus resistant speoies.

Exoellent results have been obtained with women for all
light work, principally in tree nurseries and manual planting.

forest ti

The planning of the felling operations, as well as the selection
of the forests to bs cut, must be made well in advanoce. In Brasil
the yearly felling programme starts in January and ends in December.
The charcoal manufacturing programme starts three mouths later, that is,
in April and ends in lMarch of the next year. The prooess is con-
tinuous.

Each ares of forest to be felled is divided in four distinct
sections to allow clearing of the forest underbrush, to ocontrol
the operations of gathering, hsuling and drying of the logs at the
nearest roadside and the operations necessary for a fast rege-
neration of the new fores..

The clearing of the underbrush is done 30 days before felling.

The felling of the trees

This operation is done with axes or preferably with motor-saws.
The trees must all fall in one direction to avoid mingling the logs
which would cause additional handling work. The height of the re-
meining stumps should not exceed 20 oentimeters. The ocut must be
done in besel shape to facilitate regeneration. The good results
of the felling operation will depend on the following factors:
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Good training and distributiomn of the labour foroe. Good clearing
of the forest floor, felling of the trees in one direction, effi-
cient tools in good ocondition, diameters of the trees, topography
of the field, good supervision.

Reoently, in very large forests, speocial large machines are
being used experimentally vhich combine the felling and hauling operation
of the entire trees. When harvesting the trees in the last oycle, 20 = 23
years after planting, the whole tree is pulled out with its stump,

Increases of the wood yields of 15 to 20 £ are reported in comparison
40 earlier methods,

Transport of the wood to the roadside

After felling, the trees trunks are cleaned from their branoches,
cut on the spot into lengths or multiple of lengths of pieoces suitable
for oharooal manufacture, whioh is generally 1,30 m. Sometimes
the entire poles are transported to the nearest road and cut there,
but the first method is generally preferred.

The gathering of the felled trees and their removal to the
roadside must be completed within 15 days maximum after the felling
operation in order to not hinder the sprouting of the shoots. The
effioiency of this operation will depend on various faotors, the
most important being the correot choioe of the transportation means
used in relation to the distanoces to the roadside, as these have a
direct influenoe on the costs.

riation distances of wood and efficisngy of tion

Table XIV
Distanoe in meters Wﬁgﬁ?—— .
500 - 400 100 -
400 - 300 108 8% -
300 - 200 114 6%
200 ~ 100 118 4%

<100 120 2%




It is necessary, for efficient transportation, to determine the
exact number and correct distribution of the labour involved,
keeping in mind that the personnel must be kept occupied to a

. maximum in accordance to the distances to be oovered.
The various means of traneportation of wood to the roadeide are:

(i) By men hauling the logs; this is rarely ueed.

(14) By mules which carry the wood in baskets; this is used on very
eteep slopes.

(111) By oxen which haul entire trunks or pull carts loaded with wood.

(iv) By mechanical devices
Inclined <¢roughs or chutes.
Tractors hauling entire trees, thie is expensivs.
Tractortype loading machines. These devices are suitable for
flat terrain and very large industrialised ocperations; large
investment is needed.
Trum winohes, diesel-powered, puiling a steel rope, to which
are attached, at regular intervale, by means of speocial catchers,
bundles of tree poles, vhioh are dragged over the ground to the
roadside. This devioe ie very simple, chesp and efficient. It
can be used on all terrains with slight to steep inclination.
The winch is easily moved from one place to the other. See figure 2.

Movable aarial ropeways. Theee are expensive, difficult to
install, operate and to move from one place to an other. Their
use has thersfore been abandoned in the State of !Minas Cerais.
They remain popular in other countries with different conditions,
like Auetralia, Cermany, Austria, Switserland.

All the above described transpcrtation means are frequently

oombined. The general rule ie: Simplicity, ruggedness, flexibility,
efficiency.






() Piling the wood

This operation may be done in the forest or, after tramsport,
along the roadside. It is important to obtain an exact knowledge of '
the forest production, the forest yield and for the paying for ths dif-
ferent operations. The supervisor must watch that the length of the
wood is correct, 1.30 m, and always oonstant. The wood piles must
have suffioient strength and have a uniform and ocorrect height.

This is important to facilitate the operstioms of loading and
transporting the wood to the kilns after seasoning( drying). When
piling the wood, gaps between the pisces must be avoided. After
piling has been completed, the wood is measured and the volume
indicated in steres.

Sometimes the wood is pilsd in the forest. This will help in-
crease the effioiency of transport to the roadside. After msasure-
ment, the wood piles are marked with the date of felling at
different spots with red, waterrepelleat ink. From this point on
the wood may be distinguished as firewood.

(r) Transport of the firewood to the charcopl kilns

(i) By mules when the terraia is very steep and the kilns are
nearby.
(41) By mechanical means.
a. Agricultural type tractors pulling a certain number of
carts, depending on road conditions and distances.
b. By manually loaded truoks.

Transport by tractors and carts is very efficient and cheap
for distances up to five km., For greater distances trucks are
preferrable as thoy are more economical. Reoently, 1977, Belgo
%ineirs, which used the tractor and cart method for many years
svitched to truck transportation which is reported to be more
flexible but questionable whether it is oheaper.
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¥or efficient transport by carts they should be used in
the following proportions, depending on distanoe and road
conditions: .

3 oarts: One being loaded, one being pulled, one being unloaded at the kilns.
6 carts: Two being loaded, two being pulled, two being unloaded at the kilns.
9 oarts: Three " loaded, three " pulled, three " unlorded at the kilns.

Independent contractors can usefully be used for this transporti
thus avoiding investment in transport equipment.

(i) Batursl wood drying or seasoning

Fresh'y felled eucalyotus trees contain from 50 % to 60 % free

moisture which must be reduced to decrease transport costs and in-

crease yield from the kilas.

The fuel consurption and the oarbonising time in the kiln depend
on the moisture content. To swoid the cost of transporting large
quantities of undesirable moisture the wood is air dried or seasoned.

“nen piled in the open air between 90 and 120 days, the wood
loses 30 to 35 ¢ of its weight and 10 % volume, depending on the
season. After 90 to 120 days the decrease of weight is slower,
reaching 50 to 60 % after five years. In Ninas Gereis wood is there-
fore stored for 90 days before being charged into the kilns.

(3) lood Storage
A wood stock of about three months kiln oonsumption is necessary.

This stook is i:eld in the forest or at the roadside or at the oharcoal
kilns.

However as the forest must be cleared within 15 days after
felling only 16 % of the total stock oan be held in the forest. .
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The roadside is the most suitable plaoe to store and dry large
amounts of firewood. The width of the road must be laid out
and the traffic planned aocordingly.

During the dry season the amount of firewood stored at the
kilne site should just be sufficient to maintain normal kiln
operation. During the rainy season, when earth roads are frequently
in muddy condition, it is necessary to increase the amount of
firewood stocked at the kilns. Normally this should not exceed
10 4 of yearly consumption.

ried wood shrinks and for that reason the difference between
the volumes of wood measured immediately after felling and the
volume after three months drying amounts to between 10 - 15 %. When
wood is repiled, the loss of volume through the effect of seasoning,

repiling and loss of bark, amounts to between 15 - 20 %.
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4. THE MANUPACTURE OF CHARCOAL

(l) The_process of ocarbonisation

Carbonisation of wood is & prooess of heating it at oertain .
temperatures with little or no air. In the beginning of the .
heating period, the wood simply dries, but as the temperature .
rises, the materials making up the structure of the wood begin
to decompose, yielding & certain amount of organic chemicals

and leaving a residue of pure carbon.

Below 170 C, practically pure waler is released. Above
that temperature, wood will begin t0 oarbonise and up to 250
partial decomposition takes place with a pyrollgneous product
oontaining acid but no alcohol. At 250 - 270 C an exothermic
reaction begins and continues without requirement of heat from
externsl souroces. In all methods of oarbonisation some source of heat,
external or internal,must be provided normally through the combustion
of part of the wood-oharge to be oarbonised which is the case for
all kilns and the kilu type furnaces. Wood is self-carboniging at
845 4 moisture oontent if the heat of the charcoal is recovered and at
2.9 % if the heat from the charocoal is not recovered as in kiln type

furnaoes.

This heat must be provided to reduce the moisture to self
oarboniging level, plus an allowance for losses from furnace walls etc.
The oarbonizing temperature determines the fixed carbon and the
residual volatile matter, which are inter-related. The volatile
] matter is determined as the loss of weight when charooal is heated for

| seven minutes at 950°C in a neutral atmosphere. Its oontents

decreases vwith temperature on a linear basis. As the volatile .
matter decreases, so the fixed carbon increases, and reaches &

near maximum at just over 700°C. .

Typical carbonisation results of laboratory tests are:

From 150° C to 200°C . . . . . 60 % Carbon
From 200° C to 280°C . . . . . 68 % Carbon
From 280° ¢ to 380°C . v« o o 78 % Cardon
Prom 380° C to 500°C « . . . . 84$Carbon




(v) Wood carbonisation in kilns

The composition of absolutely dry wood varies little with
the species and on average has Carbon 50 - 55 %, Hydrogen 6 - 7 %,
Oxygen 40 - 45 % with calorific value 4,200 - 4,700 Koal/kg.

However, the chemical composition of wood is extremely complex
and varies widely between the species and within each species and

between trunks and branches.

One ton of wood with 30 % moisture consumes for drying and
carbonization 550,000 to 600,000 Kcel. In practical operation
between 15 and 20 % of the wood, depending on its moisture
content and other factors, will be consumed as heat source for
the carbonigzation process.

The heat contained in the combustion gases will, before
leaving the kiln, completely dry the wood and heat it until the
ocarbonisation process is self-supporting through the exothermic
reaction, which starts at 250° to 270° C. The better the gases
are conducted through the wood charge, the better their heat will
be transferred tv the charge,the less wood will be consumed through
combustion and the nigher the yield.

The yield expresses the percentage of the wood input and is
related to the type of kiln, the initial moisture content, the
oarbonigation temperature and speed, the characteristics of the
wood, its age, size, shape, volume of bark, and very important,
the experience and skill of the kiln operator, called &lso &

burner.

In the Brazilien practice of charcoal manufacture in kiln
beehive furnaces, the yield is expressed by volume, rather than
by weight, since volume is more easily measured. The brick bee-
hive Ikiln developed in Brazil is a good example of a properly
designed kiln but even so yields by volume vary from 33 to 60 %.




33 - 38 % = 3,0 - 2.6 Steres/m3 charcoal - Low - usually from brushwood

40 - 45 %= 2.5~ 2.2 " "ow Fair
46 - 50 % = 2.1 - 1.85" "on Good
55 - 62 € = 1,8 = 1.6 " "on Exoellent practioe.

Yields by weight are lower and vary between 20 - 25 % of
seasoned eucalyptus wood which weighs 500 kg/st after 90 days
storage.

Eigh carboniging temperatures reduce the residual volatile
matters to such a degree as to raduce the mechanical strength of
the charooal, both characteristics being inter-related. The re-
sulting charcoal has & high carbon content, & low density and a
low mechanical strength, which latter is undesirable for blast
furnaoe use. It is therefore neoessery, when manufacturing blast
furnaoe charcoal, to make compromise beiween carbon content and
mechanical strength, this latter being the more emphasiged quality.
Therefore as a rule in Brazilian practioe with kiln furnaoes, the car-
Yonigation temperatures are kept low, between 380° and 420°C, and
the process is conducted slowly. Another advantage of slow carbo-
nigation is that larger pieces of wood tend to break less than in
faster methods and the resulting charcoal has a better average size
than vhen carbonigzing fast.

The combination of the two factors, temperature and time, is
represented by the oarbonisation curve which will, when correctly
applied, result in charcoal with a reasonable oarbon content, &

high density and a high mechanical strength.

In this respect Braziiia.n charcoal manufacturing practioe and
the quality of the resulting charcoal, are different from Swedish
practice which emphasises & high carbon content, low volatile matter

and resulting low tendency to pelf-ignition.
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(c) Beshive charcoal kilns without recovery of by-products

There are many existing types of charcoal kilns and
kiln furnaces. Either with external or internal (partial
combustion of wood) heating; fixed or mobile, with batch

operation or continuous.

The kilns which are operated widely and successfully
in Brazil, and especially in the state of Hinas Gerais
are internally heated, fixed, batch type. The important

iron and steel companies operate several thousand of them.

They are circular, with a domed roof, and are built
of ordinary fire bricks. The circular wall is totally in
contact with the outside air. This tyve of kiln is referred
as "Beehive Brick Kiln".

Figure 3 Beshive Brick Kiln

SGenerel Dets
Kiln diameter
Nominal Kiln volume

Effective Kiln volume 45.31 m3
No. of air inlet ports 18

No. of smoke stacks 6

No. of outlet ports 6

No. of emergency outlet 50

ports

No. of bricks required 8500



This design has the following advantages:

The gases pass through the weod chargs. The heat contained in the
gases is partially used in the process of wood drying and carbonisation,

Good yield, up te 62 £ in volume = 1.6 st of wood/s> charceal when
properly opersated.

lov cost, appreximately US$ 700 inclusive the acoess roads for trucks,

M construction ceceeoTwo men uild & kiln in ‘i"t days
Sisple materials ......8,500 bumt clay bricks with only one steel
band for the dome, No oconorete foundations.

long 1ife SPED esccececUp 10 8ix yoars on the same place. Can be
dismantled without substantial loss of bricks
and De rebuilt at anether site,

Uniform oarbenisstion,

Unifore coo.ing because the walls are completely in contact with the

outside air,

Short operating schednle: Approrimately ome week, This time could be

shortened through ferced oooling with fine water sprays.

Uniform ocomtrol of interior ocosbustion through 18 air inlet portholes

for the entrence of the necessary cembustion air.

Zasy and chesp maintenance, little repairs, ne wall crecks, no

slectricity, very little water, spproximately 100 liter per kiln

and per batch,

Recently, 1977, large scale experiments are being made by CAF, subd-
sidiary of Belgo Nineire, with a modified design of this kiln in which
the six outside ohimneys have been substituted Dy one center stack. The
results are excellent., Patents on this design are pending. (Compare also
the Bwedish forest pile with outsidc stack),

8 i i

A variation of the "Bechive brick kiln® is the circular, feur metre
dismeter kiln whick is built into a slope or hill which forms the side
and yesr walls of the oiroular kiln, This type will be referred to as
"Slope type kiln", It uses comsidersbly fewer bricks.




Pigure 4 Slope Type Deehive Brick Kiln

[
[)
1Y i ! s
' i
! : g
S 4 Fominul Xilh voiume 24.8m3
air inlet Bffective Xiln volume 21.6m3

No. of air inlet ports 1
No. of smoke stacks 3
Ro. of outlet ports 4
No. of emergency

outlet ports 4
No. of brioks 2,000

1 i
AT

siany thousands of these kilns are in operation in Minas
Gerais and in Brazil. They are very pop.lar among the small,
independent charcosl producers. Their operation is somewhat
easier than that of the beehive brick kilns becauss they
have only one air-port to control against 18 for the beehive
kilns. Chemical and physical composition as well as yields of
charcoal produced in slope type kilns are very close to those
of charooal produced in beshiwve brick kilns. No signifioant

differences between the qualities of the two charcoal types
ere reported.




In the future it is possible, with the inoreased demand
for charcoal from the large iron and steel companies, that
soms improvements must be sought in the oonstruction and
operation of the oharcoal kilns. Some of the improvements proposed are:

(1) Inorease of the volume and improvement of the present kiln design.
Example: Steel oharging and unloading doors amd oentral stack age
already being used in large soale operation by Delgo Mineire.

(11) Better and faster drying sf the wood,

(111) Some mechanisation of the kilm operation.
(iv) Paster cooling of the oharcoal insids the kiln,

(4) araxilian experisnce with other types of carbenisation furnaces

Some 20 Years ago, Belgo !lineira intended to introduoe in its
charooal operation, oontinuous retorts, giving high yields and with
the reocovery of some by-product, prinoipally tar. It was intended
to adopt a continuous +type furnace whioh had previously been
sucesssfully operated in Australia, Belgium, France., Several of
these units are in operation in these countries (see BSection 4.1.2).
The principle of design and operation of these furnaoes or retorts
is to utilige hot gases as a medium for both drying and oarbonising
the wood as well as for cooling the Mood. The gases are
circulated countercurrent to the wood and heated by partial intermal
oombustion. The wood, which has been previously dried in a separate
retort by the hot gases, is fed ocontinuously into the ocarbonising
retort and charooal is removed, also oontinuously, at the bottom
of the retort. The duration of the oomplete prooess, from the entering
into the retort until its exit as oool oharooal, is approximately half
a day, as against one week for the beeshive drick kilns. The in-
tention was to install several of these retorts with an annual
oapacity eaoh of 25,000 metric toms of charooal = 100,000 cubic
meters each. These vertical steel retorte were to have a diameter
of 2,90 m and a height of 22 m. Each wood drier had approximately -
the same dimensions.

|




The yields were expected to be: By weight of air dried wood:
33 % (against 20 % to 25 & for kilns).

By volume of air dried wood: 66 % (against an sverage of 45 %0 55 %
for kilns),

Notwithstanding the expeotancy of excellent results, well
demonstrated by several practical operations in the above men-—
tioned oountries, it was decided at the time, ca. 1960, not to
install these large retorts for the following reasons:

(4) Very high initial investment. 10 to 20 of these units would
have been neocessary, grouped at the carbonisation oenters in
numbers of two to four.

(44) Delicate operation, which, at the time, would have represented
a great effort for the company management and the personnel.

(414) Neoessity of the installation, at each ocarbonisation plant,
of a large sawmill to cut the wood into pieces of approx. 30 om
length for the oharging device of the driers and the retorts.

(iv) The unsurmountable difficulties of transporting economically
even seasoned wood (25 - 35 % moisture) from the widely
soattered natural foreste to suoh large mbogiution plants.
Because of their size these plants wauld have to be spaoced

20 - 50 kms apart..

The limiting distance for economic transportation of fire wood
is about five kms maximum, it is thus necessary to move the car-
bonisation oentres as close as poseible to the foresis.

Thie has been suocoessfully and eoonomically achieved during the
past decades and until the present moment, with the simple,cheap
and efficient beshive kilns.

With the reoent trend to large euocalyptus forests, covering
continuous areas of many thousands of ha, yielding a oontimuous
supply of regular wood quantities and allowing the mechanisation
of all operations, it may well be possible that the installation
of looal oontinmuous and mechaniged oharcoal plants will be re-
oonsidered. Studies are now being made by private oompanies,




and by several Government amd private research osntres, 0 examine other
cerbenising metheds which will give better yields.

Another aspect of this question is the increase of the price
of the distillation by-products sinoe October 1973. As a consequence,
carbonisation prooesses with recovery of by-products, or at least
of some by-products, may be reconsidered in the next future. A
remaining drawback is the high investment for these installations.

(¢) Shareesl sreductien eemiyes

e bdeshive hrick kilme are grouwped in batteries of seven, 14, etc.
alvays & sulsiple of seven, The slope type kilns are grouped in batteries
of 14, 28 oto., B1WyB & maltiple of 4.

Mhﬁmhatmhmm-u,mmlmtuu
durner aad ems helper.

A chareesl produstiem oemire oemprises one or BOre datteries of
Kilns each oemplete with the infregtructure neocessary for oontinuwows
operetien, For example stockyard for firewood, for ocharocal storege
for charcoal loading facilities, acoess roads, wter sWpply eto.

Meure § Kin Charcoal Production Center
: e g e

i Ritn wnisoting

Operating oyocle for beshive brick kilms:

Charocal discharging and Pirewsod CBATELRgE: eoceoe 8 howrs
QMuﬂon ooooooooc»ooooooooooooooooooooooooooo 96 hours

Oooling: ooooooooooooooooooooooooooooooooooooooooo 88 hours

Total Oyclet ecceee 192 hours or eigat days
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1 e of &

The operetional cycle of each of the seven kilns starts on suoocessive
days. If kiln No. 1 is discbarged and recharged (eight bours) on a Nomday
then Kiln No. 2 is discharged and recharged on a Tuesday oto. Kiln No, 1

will then be ready for discharging and recharging on the following Tuesday
and Kiln No., 2 on the following Wednesday eto.

Sunday is a rest day on which no kiln discharging or charging is dome.
Kilns dus to be discharged on Sunday are dealt with the following Monday.
Thus the cycle recommences on & Monday for each kilm in turn after
6 weeks.

Jable XV
0 iv
Average |

Volume of FMirewocod Ratio: oal volume Yield:
Type of Kiln e in m” per bdatoh Eirewvood

T T y— [ ey

ive

Eﬁj:* Xiln 48,94 37.34 70% 17.8 2.1 :1 1
Slopetype Kiln ‘
4 a Diameter 2408 170& 6“ 8.9 2.2 ¢ 1l

The above average yields are those obtained umtil about 1975. Sinoe
1976, through continucus research and experiment, the improvesemt of
operational oonditions, the training of oharcoal burners and better super—
vision, the yields of ocompany operated kilns have oontimuously improved to:
1,911 (53%), 1.8:1 (598) and 1.7:1 (59%). TYields of 1.6:1 (60%) are being
obtained recently in routine operation (1977).

Produotion of a seven beshive kiln battery in 30 days }g 27 = 26,25
batohes - say 26 batches.

Bach batch = 17.8 n° of charcoal.
Monthly production 17.8 x 26 = 462.8 n° charooal.
and yearly production 17.8 x 26 x 12 = 5,553.6 a° oharooal.
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(£) The operstion and congruotion of beehive brick EbLRS.

Lgtmct ions

{i) Gharging

First fit two loge orosswise on the inside of the discharging door,
Then dlock up the discharging door with bricks laid without mortar.
The outside of the door to be brushed with a olay slurry but only after
charging has been completed.

Charging oan now commence. The logs are placed vertically, the
thinner pieces against the wall, the thicker ones towards the oenter of
the kiln, where the temperature will be higher. Put the chisel-shaped
bases of the logs on the kiln floor to make oiroculation of the gases
sasier. The wood piled under the dome oeiling must be placed hori-
sontally, on top of the vertically piled floor wood. Fill up well into
the dome. The wood must be piled as close together as possidble, to
obtain a maximum amount of material ingide the kiln. Use a rail~:- loose
structure, and some kindling, close to the ignition oper g t- make
ignition easier. If there is some deteriorated wood, this must be placed
to the disoharge opening as the coal produoed from it will have a
tendenoy to ignite easily so if that happens it can be rapidly removed,
when discharging the kiln. Close the charging door in the same manner
as has been done for the discharge door.

When the kiln is ready for ignition, all port-holes and openings
must be kept open.

(11) 1gnition of kilm
Introduoe through the oentral opemning in the dome a shovelful of

glowing (inocandesoent) coal. In the rainy season it may be necessary to
help with some kerosene or used lubrication oil. Use the oentral opening
only for ignition, as the oarbonisation prooess must prooeed from top to
ottom. At the start of the ignition period, smoke will issue from the
ignition opening, first white, minutes later dark ocoloured. This is a
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signal that the fire bas caught. The opening must then be plugged with
s briok brushed with olay slurry.

s:l.:l.iz Carbonisation

Immediately after ignition, smoke issues from the outlet portholes,
initially white colored, which means that the oarbonisation area is
increasing. The emergency outlet portholes and the ports located in the dome
are now plugged.

e stacks (chimney) start emoking. The kiln operstes from now on
exolusively with the oontrolled air supplied through the airinlet portholes
and on the draft of the stacks expelling the carbonisation gmses.

The oarbonisstion prooess prooseds from top to bottom and also
horisontally., The chimmeys must be watched to ensure they work wniformly.
Tis is achieved by oontrolling the draft of air entering the air inlet
portholes by varying the position of s brick loosely inolined against
the porthole entry. )

The charcoal burner oomtrols the carbonisation by observation of
the smoks oolour issuing from the stacks. Carbonisation procesd~ as long
as the oolour is white or clear, later, it turns to bluish and then to blus.
When this oolour becomes steady, the airinlet portholes musti be closed.

At the end of the carbonisation +the smoke beoomes oolourless and
transparent. When, on top of the stacks, a zone of approximately 20 m
height of oolourless smoke appears the chimmeys are closed.

The stacks do not present simultaneously the same smoke oolour even
when every precaution is taken.

It is therefors, necessary io regulate, one after the other, the air
inlet portholes and to olose the oorresponding stacks. T soe will ooniinus
to issue smoke some time after the sirportholes have been plugged. The
stacks should not be closed too soon to avoid the presence of unoarbonised
pieces of firewood.

Onoe the stacks have been olosed, the oarbonisation prooess is
terminated. After olosing all openings, they must be oarefully brushed with
clay slurry to prevent any air entering.
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(iv) Cooling the kiln

The kiln is brushed all over with several layers of clay
slurry to close all openings, leaks and cracks. The number of
brushings varies between three and six, The better this operation is
done, the faster will be the cooling of the kiln. When leaks are
not fully closed, air will continue to penetrate into the kiln,
preventing the extinction of the fire, causing loss of charcoal

through its combustion and an increased ash cortent.

(v) Unloading the kiln and curing the charcoal
The kiln is opened and the charcoal is discharged when the kiln

is sufficiently cool. The burner knows the correct temperature,
60 - 70° C, by feeling the door wall with the back of his hand.

A kiln must never be opened until it is sufficiently cool
to avoid spontaneous fire. Such a fire may be extinguished with
water, but, in most cases, it will be necessary to close immediately
the kiln. The result is always a lose of charooal. Sufficient water,
at least one barrel - 200 litres -, must be readily available before
the kiln is opened. The spao'e in front of the kiln, where the charocoal
will be stored, must be clean. Fresh charcoal must never be plaoced on
top of older charcoal. The kiln is opened rapidly. The burner will
observe, by smelling the issuing gases, whether there is fire in any place
and, in that case, will extinguish it with water spray.

The bricks from the door opening are put on one side not to impede
the disoharge operations, whioh are done manually with a special large
fork and a basket. It is good practioe to separate all uncharred pieoes
of wood bricks, ashes, charcoal fines and clay remnants. Uncompletely
carbonized pieces of wood are separatei and reloaded with the next batch.
The discharged charcoal is heaped and storad in a way to allow thorough
airation. This is also called curing. Fresh oharcoal absorbe oxygen.

This chemiocal reactinn is aoccompanied by a rise in temperature whioh ocan




-
'
.
] ¥
- 4 I \
4
— 4 1 .
'
! A
) W
~
|
* .







(EEN PE
S "
g

[

i




- 96 -

reach a degree tc cause spontaneous ignition. Therefore fresh charooal
is required to "cure" in the open air for two days before being trans-
ported to the intermediate storing houses or to the iron and steel plants.
It is of oourse difficult to oontrol whether this operation is always
done with the necessary care. Principally at the end of the month,

when charoosl operators are anxious to complete their monthly quotas

of charooal production, it frequently happens that the coal is un-
sufficiently cured, causing fire hasards.

During curing, the oharooal heaps should not exceed 1.50 m height
or depth to permit a thorough contact between coal and ouiside air.

After unloading, the bottom of the kiln is cleaned. All air-ports
and stacks are opened and cleared from ocarbonisation residues. The
entire inside of the kiln beoomes heavily coated with hard iar or pitch
which oondenses and builds up during suoocessive charges and protects
the briocks.

(vi) Carbonisation in slope type kilns

It is the same as in beehiwve brick kilmns, The operation is
simpler because there is only one air-inlet porthole to watch and
to regulate.

These kilns are frequently located at places of difficult access
without roads. The unloaded charcoal must be transported to the
nearest road, or to a reloading place, by mule packs. To make the
ocorrect choice between the two types of kilms, the following points
of ocomparison may be considered:
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Beehive Brick Kiln
No special topography required.

Slops Type Kiln

Necessary to have a natural slope
or to prepare an artifioial one.

It will be frequently neocsssary to
do some important earth moving to
prepare a good siszed flat area.

Very little earth movement re-
quired.

No special requirements as to the
texture or oomposition of the soil.
In case of sandy soil, the floor
must be made of clay brought from
another plaoce.

The texture and ocomposition of the
soil are important. When very clayey
it will crack through the effect of
the ocarbonising heat and false air
will enter. When sandy, the wall

will ocollapse sasily and retain too
much heat to permit fast ocooling.

Life span: a minimum of 1200 m3
of charooal.

Life span: A minimm of 350m° of
Mm.

The kiln platforms sust be laid out
to permit the handling of the char-
ooal directly into trucks, after
curing. The trucks should arrive at
a lower level. (See figure 5)

The kilns must be tuilt as close as
possible to the wood supply.

Maximua distance from the wood supply

five km,

A fow hundred meters.

labour: Two men for each battery of
seven kilns

labour: Two men for each battery of
14 kilns.

The charocoal burners must have de-
veloped consideradble skill in order
to observe correctly and regulate

Easy operation. Only onme air inlet
port hole. No Cvecial training
required.

the 18 air inlet portholes.
of labor is rescommended.




(vii) The oomstruction of beehive briok kilns

One seven-kiln battery requires a place with the following dimensions:

Length . . . . 70 m.
Width . . . . 25 m.

This area is neoessary for the seven kilns, the storing and curing of
charooal during two days, acoess roads for the trucks bringing the
wood, storage space for a oertain amount of wood, aoccess roads for
trucks for removing the charcoal and a truck turn around area.

To prepare the ground for the furnaces and the charcoal loading
platform some earth moving work by caterpillar tractors will always

be required. The terrain must be slightly sloped to allow the
drainage of rain water. PFrequently two or more kiln batteries will

be grouped together in one line. This happens when the surrounding
forests are vast and the available fire wood quantities at a short
distance are large. The batteries will always have seven kilns and the
neoessary area will be a multiple of the ‘surface given for one battery.
The lay-out of a great number of batteries has the advantage of good
oentralisation of the operations and good supervision. The result is

a good charcoal quality and good yields.

The total number of kilns at one oentre is limited to 35 or 42 by
the quantity of fumes coming from the chimneys. This is not barmful
to ‘health but is irritating to the eyes and lungs. Charocoal manu-
facturing centres should therefore be at least two kms distance from
villages and their location should be considered in relation to the
prevailing wind direction.

When laying out a battery the oentre line of the battery is first
marked on the ground. The kiln oentres are eight metres spart. The oentre
of each kiln is marked with a two metre long pipe drivem vertically into
the ground. The inside circumference of the kiln is traced at a five m
diameter, the outside circumference at a 5.40 m diameter.



The two, one m wide, doors are marked, as well as the foundations
for the door pillars. The six chimmeys are marked, the kiln foundations
are marked and the excavation of the tooting tremnch is made. The kiln
foundations must extend four courses of bricks below the surface of the
ground and one course of bricks over the ground. All courses must be laid
carefully and level.

A 2.50 m wooden pole will be fixed horisontally on the oentral
pipe to serve as a guide for the building of the walls. When laying
the walle, leave the openings for the doors but build the pillars for
them. The mortar is made of 10 parts of clay and one part of charcoal
fines, which have been previously sieved. When laying the first oourse
of bricks, leave the necessary openings for the air ports, thres betwesn
each pair of chimneys, s total of 18, symetrically distributed.
Siges of air ports are: Width: 0.10 m, Height: 0,08 m. The chimneys
are raised simultaneously with the wall. The ingide mseasures of the
fluew are: 0.12m X 2,10 m. When building the kiln wall, care must
be taken that the differsnt courses of bricks be level. Use the wooden
guide. After five courses of bricks, leavs two emergency openings vertically
above the two air inlet ports located next to the stacks. After the
second layer of five courses, leave one oentrel emergency opening. After
the next five layers, leave two emergency openings located vertically above
the first ones. The emergency openings are 0,07 m x 0,07 m. To emch
pair of stacks correspond five emergency ports, VWhon the wall has reached
1.60 m height, put on top of the door pillars the steel engle lintels
and continue to build the surrounding wall. In thie way the two door
openings, 1.00 m wide and 1,60 m high, will be resdy. After loading
the kiln with firewood and closing the doors with bricks the burner
will leave in each door — wall, one air inlet porthole at the height of
the others.

T™e total height will be 1.80m and the last course of dricks must
be well leveled. Om top of it is laid, on side, and with a minimum of
mortar, one more ocourse of bricks. Outside thie course, and against
i¢, are laid the four segments of stesl bamd, loosuly bolted together.
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Adjust by cutting, the first oourse of the dome bricks to the
top course of wall bricks which has been laid on edge. Remove the
central pipe and put in its plaoce a picket or short stake is driven
into the ground and flush with the last brick course of the foun-
dation. To this picket will be attached the beam compass of guide
length about 3.10 m for the building of the dome. This is built
with a thickness of half a brick and a minimum of mortar is used.
The strength of the dome ceiling is obtained through the pressurs
of the dbricks one against the other.

At the fifth ocourse of briocks, leave 10 emsrgency openings 0.07 m x
007 m, at the tenth oourse, leave another 10 openings, at the fifteenth
leave six openings. At the top of the doms, lesve the ignition opening,
vhich is triangle-shaped and has 0,10 m x 0.10 m x 0,10 m. After the
dome is terminated, tighten the steel band. Plaster the walls with
& fine clay mortar and brush the dome with a clay slurry to oloms all
the cracks and openings.
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viii) The construction of sl t ilp = four m diamete,

Clean a circular surface six meter diamster at the kiln place, Mark
a circle of four m diameter and excavate the kiln body with 1.40 m height,
the floor being well leveled. Nark the door, width 0,60 m and the
three stacks at 120° angle between them.

Excavate into the bank the openings for the door, 0.60 m wide,
and the three stacks with a section of 0.35 m x 0,35 m and a height of
1.40 . Raise the chimneys to 1.50 m height with bricks laid on edge.

Drive a picket in the oenter of the floor ground and attach to
it the beam compass for building the arched dome. The guide length
will have the exact ingide height of the dome, which is 2.45 m.

If the bank or hill-height is insufficient, it will be necessary
to complete the wall height with a brick wall of half briok thickness.
The moriar used is the same as for the dome. The opening over the
door receives a briok arch. Make around the domebase the necessary
sloped incision for the domerest.

The dome is Duilt in half brick thickness, with little mortar,
made of 10 parts of clayish #0il and ome part of sieved chiarocoal fines.
In the tenth course of bricks lesve four emergency holes, 0,07 m x 0.07 m,
symmetriocally placed. After 10 more oourses lesve four other holes 0.08 a
x 0,08 m. At the top of the dome, lesve the ignition opening, 0.10 m x
0.10 m,

The arch over the door opening is built in bricks laid on their
sides and bonded to the dome brick structurs. Toward the kiln door
an opening is made into the bank in order t0 facilitate the handling
of the firewood. After the kiln has been loaded with wood and the
door has been closed, leave at its base level the porthole for the air
inlet. Ecoavate around the kiln the necessary water drainage trenches.



‘ixz Maintenance of the kiln

Rasp periodically from the outside the excess of clay which has been
formed by the successive brushes of clay slurry. This improves ocooling
of the charcoal,

Avoid shocks against the kiln walls, which could damege its structure.
For instance: Shooks by truoks, carts, loga. The door pillars should be
protected by two cormer poles. Put in place and rem tight bricks which
have frllen out of the walls or have bescome loose.

The outlet and emergency portholes must be closed with wedge shaped
bricks and without mortar. Brush clay slurry on the outside. The stack
flues must be carefully cleaned with a long, flexible wooden rod.

The chimneys must terminate above the dome steel band, to reduce
oorrosion by the fumes, (After s fev years the band vill always become
corroded). Tighten regularly the dome steel band and change any oorroded
parts,

The kiln floor should always be kept level, When necessary, put in some
wei clayish s0il and stemp. If the soil of the kiln platform crmoks, it must
be closed to avoid damage to the kilm foundations, for instanoce through water
infiltretion, Keep the water dreinage trenches always unobstructed.

Keep straying animals out of charcoal mamufacturing ocenter by fencing
it with barbed wire or other material.

(g) Charcos) Protection and Intermedinte Storage

Fresh charcoal absords >xygen. T.is chemical resction is acoompanied
by & riss in tempersture whioh can canse spontaneous ignition. Presh
charcoal must thersfors be "curad™ in the open air for two days before it
is transported to intermediate storage houses.

Charooal is alsoc very porous and therefore hygrosoopic and will rapidly
absord large amounts of moisture from the air and water from rainfall. (wp
to 50 £ of its dry wight). After the curing period it must, therefore, be
protected during humid and reiny periods while amaiting tremsportation.
This is simply done by covering the coalheaps with plastic or camvas shesta,
galvanised sheet or available roofing material.

T0 £ of the charcoal produced in Ninas Gerais is transported directly
by trucks from the coal mamufacturing osntres to the iron and steel plants
and 0 does not require intermediate storage. The truck loads of ocoal are
protected during the tremsport with tarpmulins, firmly attached to the
trucksides,




Intermedinte storing is necessary when large amounts of charooal
must avmit transportation becauss of sporadio, accidental or regular
soarcity of transportation means, trucks, railway or, poor road oomditions
in remote areas. Intermediats storing of charconl is & regular practioce
at railway stations. The following requirements should be sheerved when
laying out an intermediate storege statiom:

It must be sufficiently large to acoept the quantity of charcoal
to be stored under abnormsl oonditions e.g. during s prolonged rainly
esagon, Or s period of soarcity of railway transportation. The storege
house should be divided into sections, of approximately 2,000 m> each,
separsted by walls, It must be covered and sust bave sufficient
facilities for eagy and fast handling of the charcoal st its arrival amd
departure, Unlcading into the storing house can be done through wooden
or metallic chutes and loading of the railway cars through manually operated
wooden or metallic closing traps. Belt conveyors may also be used but
aechanisation should be minimised because it is expensive, The height of
the heaped coel should be less than six m to avoid sponteneous ignitionm,
Inooming ooal should be dropped as little as possible (two s maximum) to
reduce formation of fines. The ocoal ghould be umlosaded omto a maturally
formed slope of charcoal and handling should bde reduced to & minimwm as
each movemsnt produose some finee,

Trucks should not be allowe! inside the storinghowse buouuse of
fire hasards from intermal oombustion engines and smoking by truck
drivers. Urioading should, therefors, be done outside. The duilding must
be well ventilated and open om all sides to give repid and eaxy acoess
from all gidee in cape of fire. It should have no intermediste colums
across the roof span.

The building ocolumns mey be of brick, ooncrete or stesl dut the roof
givders must be in steel; the roof should preferably be galvanised sheet
but agbestos may be used. The floor may de brick, stome, oomcrets or
oven remmed earth, later pipes with hose comnections should be available
at different points but in oase of fire the best method of saving the
charooal is to push the wmburmt coal out of the bullding with trecters
equipped with shovel blades.




(g)m of Charcoal to Irom and Steel Plants

(i) Trangportation by trucks

As mentioned before, approximately 70% of all oharooal produced in
the State of Minas Qerais is transported by truck. Thig is a flexible
and fast means of transportation, but sxpengive. The ooal oan be moved
from the kilns to the iron and steel plants immediately aftsr ouring.
Also littls charooal fines are produced as the number of handling are few,
Nost of ths small pig iren producing plants have no reilway oommection and
sust rely solely on truck tranportation, Trucks are able to reach isolated
kilns, looated close to poor roads. The most popular truck has ths
following charectsristiocs: Bresil manufaoctared, Mercedss Bemz, Type IX 1113}
Diesel engins powered, HP 145 two axlss for normal road driving and a third
one for fast and safe highway driving to comply with State regulations of
maximum axls loading.

Carrying oapacity 48 a>. Cost (1977) Uss 18,000, Some transport
oompanies use 60 l3 trailsrs but these are not able to operate on poor
roads and have a tendency to tilt over,

Transportation distances vary from a few kms to 1,000 kms to some
iron and steel plants in ths States of Rio de Janeiro and Sao Paulo. In
Ninas Gerais, the maximm distanoe is 700 km.

Many truckers prefer to oarry the charcoal inm burlap bags (about 25 kg/
bag or 11 hq-/l3 of charcosl). This prectios allows gemeral purpose
trucks to be used which, on the return journey, can carry other merchandise.
Bagged charcoal is bulkier than loose charcoal which "sets" during transport
with & volume loss of 2 - 5 %,

Trucks loadcd with burlap bags also have a greater tendenocy to tilt
than when losded with lump charcoal. The wmloading of the burlap bags
must be done manwmlly which is a disadvantage.

Trucks carrying lump or loose charcoal must have thsir side height
increaged to about four m total with createtype side sheeting to give a
reagsonable volume corresponding to the truok ompacity.




(ii)Trepsport by reil

A1l pedium and large iron and steel plants have rail oomnections
and use rail transport to the maxisue because it iz much cheaper,

Companies like Belgo-Mineira and Acesita transport about 40% of
their charocoal by rail, Belgc Mineira also uses a cable oar system.

Most railway cars have a oapacity of 54 u3. A few are 80 n3

and recently some 100 n3 cars have been ordered. They cost about US$ 30,000
each,

There are still some older cars in use of 20 to 30 m3 capacity; <these
have flat bottoms and wide discharging doors b.. must be unloaded manually.
However, they may also be used for other merchandise as return freight.

' The newer and larger oars bave sloped bottoms and self-discharging doors
on both sides of the track which permit a rapid discharge directly into
ooal bins or into the storing house. The ocars are sometimes loaded at
the reilway station direotly from trucks, but mostly from a reloading and
storing place, through hand operated gates or by oonveyors,

Belgo Mineira has reocently started transporting charooal by rail
over distances of 700 kms in big, plastio, bagshaped oontainers of 3 n3
volume, The savings in transportation costs oompared with iruck transport
are US$ 3/t.

The plastic oontainers also protect the charcoal againsi moisture.
The plastic oontainers are loaded by a mobile orane. The experiment may
be exrtemded t. fill the oontainers at the charcoal kilns and so avoid
handling lump charocoal between the kilns and the railwey stationms. Rail
freight for charcoal is caloulated on the basis of 300 kg per m3 of charoocal,
All handling at the loading and unloading stations is done by the irom and
stesl ocmpanies, which also supply all the necessary equipment and ocarry
all expenses. The cars, however, belong to the Railway Company which is
Government owmed,

giiizlorial rope or cable-way

Since 1957 Belgo-Mineirs uses an aerial osble wey to move a certein
proportion of the charcoal produoced in ome of the prinoipal charcosl manu-
facturing oentres in the Rio Doce region which is east of their Nonlevade
jorn and steel plant. The length of the cable way is 50 kms; the charooal
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at 40 t/hr is carried in steel boxes of 1.4 m° which are suspended from

the rope way and move at 10 km/hr. Another cable way transports all charcoal :
from the works oentral storage place tc the blast furnaoce bins - a distance

of 1.2kms et 60 t/hr in boxes of 1.5 w> moving at 10 ima/nr.

Cableway transport oan be eoonomic and efficient but it must be
opsrated at near full ocspacity, as the investaent is high and its
opecation must be continuous to be economioal,

It is therefore necessary that the supply of charocoal at the loading
station be continuous and the delivered charcosl vol:me close to the

oapacity of the oableway, These conditions are seldom encountered in
charcoal manufacturing.

(iv) Mule Packs

Por short distanos:, wp to 20 km, and for small quantities, transportation
by mules or horses should not be discarded and has been used for many
years in the State of Minas Gerais., BEach mule omarries two baskets of
60 kg each. Transportation speed is six km/hr. Loading and unloading are
manual, MNules are now only used for intermediste transport of the charocoal
to0 the trucks, when the kilns are looated in remote plaoces of diffioult
200088,

(v) Hater

Vater transportation is not used in the State of Minas Gerais. The
iron and steel plant at Manaus, Sidersma, looated on the Amason river
uses barges for all its iron ore and charcoal tramsportation, the results
are not known. The projected Faraguay steel works on the Paraguay river,
clome to the oapital of Asuncién intend to transport up to 60 %€ of their
charcoal by water.

Water transport is very cheap and should be oonsidered when oconditions
are spuitable.
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SECTION

OPERATIONAL PRACTICE OF CHARCOAL BASED IRONNAKING

1. FORDAMENTAL ASPECTS OF BLAST FURNACC OPERATION IN RELATION
70 THE USE OF CHARCOAL.

(a) Remctivity of carbon in the blagt fwrmace

We may define as reactivity of the carbon fuel its aptitude to
react »ith 002 forming CO Yy the following chemical reaction:

C + ooz-—-’zco

Thig reaction follows the equation of Doudouard and is showm in»
Pigure 8,

o

M 5N M IN W NN NN R BN \
“Spens t*

Pigure 8.Theoretical equilibriwm of C, CO and ooz and Peo and its oxides
aocoording to Boudouard .
Bquilidrium of Pe with ocke and charoocal are also showm.

As the figure shows, the reaction is theoretically possible at low
mmntnﬁltmothnntiumlunduwﬁd
operation the reaction will only begin at & osrtain temperature, depending
on the resctivity of the fuel. For usual blast furmace ookes, this
Sempersture is situsted betwesn 900 and 1000°C; for charcoal, betwesa
780 and 850°C. This means that charcoal is mmch more resctive thea
ocoke .

T™hig is also shown in figure 9 which clearly shows the wide
difference in reactivity between coke and charosal at 800°c.
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Pig. 9 Kinetios of utctm between oarbdon
mwzateoocrorchu-oulndoeh.
P-rd-licityulythmtuuofm-iﬁmzmm.
In reality the blast furmaoce gas also mu-lz.nuthwhtﬂo
mtters contained in the charocal and bamidity of the blast, vhich reacts

uﬁmua-m-’uwz.

C + lzo —) 00 + 12
The reactivity of & given {ype of carben depends wp %0 its specifio
surface uxpesed %0 the reducing gases, that is, it powosity. Tme
charocal becamse of its high porosity has & higher resctivity thaa osks.
Por prectical blast fursace cperstics the reactics C + 00, &F— 200
is very impertant because 15 - 20f of the total gassified oarbves is,
ia the form of (0, prodmoed W this reversible reaction. 7The maia source

of redmcing gas deing produced through the direct cosbmstion of the
carben (charceal) in fromt of the Suyeres.

(%) Bedmction of ires exides W cheroeal

Bue %0 the high reactivity of charceal the upper and middle parte
of the blast furmace stack have s temperature of caly 750 - 830°¢C
csmpared with 900 - 1000°C for coks blast furmaces. This Semperature
is comstant for s certais “imtermediate” some of the stack.

Pigure 10 ghows the temperature lime in this some acoerdiag %o
tests made W IRSID iz a charceal bast furmace at the Nenlevede Plaat.
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S

Pig. 10 Temperature line in charcosl
blast furmece (IRSID).
It is in this sone that the indirect reduction of the iron
mhwthm'mmmwadlzmuditm
e assumed that, due 0 the exvellemt charcoal reactivity, the degree
of isdirect reduction and the redmction speed iz this sone is high
when compared with the less reactive ocoke. Dus to this fawourable
characteristic of the charooal the necessary preparstion sone in the
upper part of the stack can de smaller and therefors the total height
of the stack ocan be lower than iz ooke blast furmaces. However, it is
impossidle t0 establish ™» priori” the influence of the lower temperature
iz the above mentioned intermediate stack sone on the oversll fuel rate
Yecanse of amother important influwemcing factor whiok is the decrease of
ihe reaction kinetiocs of the reduction process at lower temperatures in
charocal dlast furmmces. Some blast furnace experts and operetors hawve
the opinion that the use of charcoal may be especially favourable with a
highly redmnosable burden. A very good burden preparation works in the
same direction. (Note: In the present text the blast furmaoce momenclature
of "imdirect®” and "direct” reduction is wsed. This must ot be confused
with the nomenclature used in "Direct Redmction Processes”).

(¢) Iaflmemos of the volstile getter

Charcsal, as mmmfactured ¢ the ourreat Brasilian prectioe comtaiss
approximately 25% Wy weight of wolatile matter, mainly hydrogem aad
carbon monoxide. It is & gemerally assewmed opinion that these gases take
a osrtain part iz the chemical process of reducing the iron oxides
oontained in the burden.
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However it is diffioult to judge quantitatively the influencs of
these gases on the reduotion proosss sinoce the gases volatilise at
diffsrent temperatures, the CO at a lower, the lz at & higher, But doth
under 900°C.

Charcoal blast furnace gas contains 4 to 6% E, agsinst 1,5 to ¥
in ooks blast furnacs gas. A simple calculation xill prove that a
large amoun: of ths B,2 contaimd in ths wolatile mattier has been
oonsumed in the proosss of iron ore reduotion. The high content of
hydrogen in the volatils matter also has an influence on tle dynamios
of the gaseous flow ingids the blast furnace. This gas being very light,
it repidly rises and penetrates into the stock and, consequently,
acoelerates the reduction of the iron ore oxidss.

In conclusion, it can be waid that the volatils matters in the
charcoal will to a oertain degree improve the carbon balance of the
charooal blast furnace.

(4) Kinetics of gaseous flow in ths blast furmsos:

In practical operstion a wvery important factor for the blast furmeoe
productivity is the quantity cof gas which can pass throush ths furmaoce
without disturbing the desoent of the stock. Normally, this gas quantity
is proportiomate to the blast (or wind) volume. The volume of wind which
oan be blown into a given blast furmaor is ruled by the permeability in
the stack which devends on the gise of the burden particles, their shape,
and their distribution in the furnace. The permeability of the bturden
hes therefore a direct influemoce on the furmacs productivity.

Charcoal has a low bulk density and it thus ocoupies about three
Juarters of the total furnace volume. Ths average particls is also small,
a ninimom of six mm is msomstimes umsed, 0 that ths small charcoal particles
tend t0 be lifted when the blast pressure is high and to accumulate at
the upper part of the blast furmece, forming a large impervious mass which
isterrupts the smooth descending movement of the stock.

Close sigzing of the burdem with the lowest possibls average diameter
of the particles and separate charging of the different charcoal and ore
sises is therefore wvery important in charooal blast furnacs operstion
tc ensure & regular and sufficient voidage for the paseage of the gas
flow. This resul ts in better gas solid contact thereby imoreasing the
kinetics of the .edmction reaction.
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Righ moisture contemt> of the charceal redmoes the resistance te
alregion and increases the tendemcy for the above described trewbdle
baoause, when stesm is suddenly expelled from the charcoal by the effect
of the high temperature, the charcecal particles explods into smell
pieces which are carried by the ascending gunses t0 the blast furmaoce
top ocausing irregular distribution of the gunses and abrupt movemsats
of the stock. Hemos, *2e mecessity %o wse charcoal with & low
moisture content, preferably less thaz 10%. This is, however, oftem
difficult to wohieve.

(¢) Slag:

In the lower part of the furmace, just over the tuyeres, the pasty
mass of slag and iron may be impeded to descend smoothly through the
charcoal or coks layer becamse of the countercurreat effect of the
asoending geses. This happens when high production rates amd osmsequently
high blast volumes are used. Charcoal blast furmaces operate, for the
same irom oontent in the tmrdem, at much lower specific slag volumes
than ocoke blast furmaces and therefors present lees teadency $o this
trouble than ocoke blast furmaces. Slag volume for charceal blast
furmaces: 100 - 200 kg/t pig irom; slag volums for ocoke blast
furmaces: 300 kg/t pig irom. The reason for this is that, whea
ﬂltmdﬁo&omofth-lmitmmuﬂnmdﬂimh
forn irom sulphide which mmst be removed in the hearth ky reductiom ia the
presence of a highly basio slag. Coke ash has an acid composition and
the mecessary correctiom of the retio of basic oxides, lime and magmesia
%o acid oxides, silics and alumins, requires the additon of a grest
quantity of basic fluxes.

Thus the basioity of ooke blagt furmece slag mast bde

%;u 1.05 to 1.25

On the other hand charcoal is prectically free from sulphur amd
charcoal ash is of dasic composition and the quamtity is lees tham half
that of coks. So the necessary addition of fluxes is therefors mmech
smaller and the slag volume ocomsequently also lower.

RBatio Ca0 in charocosl dlast furmsce slag: 0.70 - 0.9.
2
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(£) Zime of buries trevel through the hlagt fwrmace:

For the same blast furmmoce volume, the ooke blast furmace will
hn;lomrtnulthnthnthowm,mumm
bulk demsity of coke, which is double that of charooal.

Burden travel time in coke blast furmaces: ....... 6~8 hours depending on
intensity of operstion.

Burden travel time in charcoal blast furneces: ... 4=6 hours, depending on
intensity of operstion.

Dae to the short bturden travel time in charcoal blast furnaces, they
are very eensitiwe to bturden changes, sven small ones, principally when

they are operated at a high rate of production. Any necessary change in
burden must therefore be carsfully oconsidered.

Sowme blast furnace experts have the opinion that the longer time
of burden trevel in the coke blast furnace and the higher tempersturs
in the stack favour the degree of indirect reduction of the iron oxide
in this sone, and that for this reason, for a given blast ‘furmsce and
the same operating oconditions, the ooke ﬁto per ton of pig iron must
be lower than when operating with charcoal. No comparative figures
between the two fuel retes for the same furmaoe are awsilable in Prasil.

(6) Liguid ron tempereture:

Charocoal blast furmace operste at lower hot metal temperatures than
coke furnaoes.

Average coke hot metal temperature 1400 to 1450°C.
Average charcosl hot metal temperature 1270 %o 135o°c.

Charcoal blown hot metal for steelmaking therefore has lower Si - 0.3 to
0.4% - than coke tlown hot metal - 0.6 to 0.7%. The reductiom of Si
is a highly heat abesording reasction.

(n) ison between fuel retes of ooke and oharocoal ton of
%E irﬁz

For similar conditions of burden and operstion, blast temperstures,
injections of liquid or gasecus fuels, percentage of sinter in the burden
and for the same grede of pig irom, the charccal asd ooke ratios per tom
of pig irom are similar.
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Under similar conditioms there are still mamy factors to oon-
sider, some of vhich favour the oconditioms of charoccal and other thoee
of ooke.

The principle factors are: *
(1) The calorific walue per kg of average 4ry bdlast furnace coke amd
charcoal are very sgimilar. i
(11) Coke bas a higher fixed carbon content than charcoal.
(1ii) The reactivity of charocal is higher then that of coke which favours
the indirect reduction of the iron ore at lowsr temperatures.
(iv) The high wolatile comtemt of charcoal made in Brasilian practioe
probabdly contribu*ss to the indirect reduction proocess of the iron oxides
in the lower part of the stack.
(v) The average moisture comtemt of charcoal is higher than that of
ooke. Joisture elimimation is & heat absorbing resction.
(vi) The higher temperature of the coke blast furmace stack may favour
the kinetios of the indirect reduction which consumes less heat than
the direct reduction.
(vii) The slag volume of coke fired blast furmaces is higher than that
of charoocal fired blast furmeces in order to elimimate the ooke sulphmr
and to dind ths acid ooke ashes. HNigher slag volume requires higher
fusl rates.
(viii)Charcoal blown hot metal has & lower tempersture and lower Si
oomtent than similar grade ooke blowm hot metal and therefore consumes less
heat than ooke blowm irom.

Notwithstanding the smmall capecity of charceal blast furmaces
it is imteresting to note that the thermal balamce of the two primci-
pal imtegrated charocal based iron and steel plants iz Nimas Oerais
show the very promising figures of 4.6 and 4.9 G.cal/t of crude steel -
respectively. This exoellemt result eguals, or evea surpasses, the

oorresponmsing figures of large Buropean and Brazilian ocke based iroa -
and stesl works.
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2. NETALLURGICAL ASPECTS OF CHARCOAL BLAST FUNNACE OPEXATION

Coke and char-oal blast furnaces have the same function which
consists in:
(1) Removing the oxygen combined to the iron of the iron ore by a
series of chemical reactions between the iron oxides and the
reducing gases produced by the combustion of the furnace fuel.
(i1) Melting the materials resulting from the chemical reactions.
The metal must be separated from the non-metallic ingredients
contained in the iron ore, in the coal ash and in the fluxes,
under the formation of s layer of moltien slag. So, in a general way,
the charcoal blast furnace operates by the same principle as the coke
blast furnace.

The unique difference consiets in the different chemical and
physical qualities of the two fuels. This difference dictates
the charcoal blast furnace design and its operstion.

Table XVIIl Composition of gm_“‘%
. Mﬁ*ﬁm-.l

Fixed CATbOR . + « « ¢ ¢ o« o o o o o . . . B5-B8 %

Volatile matter . « ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o« 1=3% Pl 3
ABh . . . i e i e e s i e e e .. 8108 4%
(Acid) (Basic)
Sulphu‘-.-----.--.---.-.-0.7-’.2‘ -
Phonphor(u?zos).............0.01-0.03’ 0,08 £
ki.tm L] L] L) L . L] L . L] L] L] L L] L[] L L] L . 2-4* 10‘
Calorific value on a dry basis . . . . . . . 6,%0-7,200 6,800-7,200
in Keal/kg o o
Ignition temperature . . . . . . . . . « .« 600700 C 240-2%°C
Bulk density - kg/m3 (dry) . . . . . . ... 400-500 230-260
Sise remge mm 50~-80 10-50
(average 35)
Crushing strength kg/om2 100- 150 30-40

(measured resdially)

Friability or sise degredation - No exmct comparison is possible due to differ-
snoes in testing methods. Coke iz several
times more resistant to sise degredation than
charooal.

Porosity 48-54 % 70-75 %

ition of ash
5102 Ca0 | Mg0 l“c?o Al 0

rd
oo S R RS
a5 253567135 | 2-4

Composition of Charocoal Volatile Matter
002-9$. 0 = 20 %, Ez-“i. cna_-vﬁ
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(a) Iren Ores
(1) Types of Ores

Presently most of the Bragilian charocoal blast furnaces use
oompe.ct hematite high grade iron oras of the "Quadrilaterc
Porriferro” district in Ninas Gerais.

Composition: Pe: o ¢ ¢ o oo« 63-6919
810, c s e s e 0 s 0,5-2%
u203.......o.7-2%
P....Normally less than 0,1 ¢

Consumption of iron ore per t of pig iron: 1500 - 1600 kg.

Some blast furnace plants, usually the smaller ones, use
other varisties of hematite called "itabirites", principally:
*Chapinha", which means "little plate" because of its regular
flat shaped appearance of 6 mm to 18 mm thickness. This iron ore
bas a lamellar structure, an Fe-contemt of 62 - 65 %, is low in
P and 8102. Due to its good porosity and lamellar structurs, its
regular and low thickness, the "Chapinha" ore represents an excel-
lent burden, requiring only screaning. It ary suited to small blast
furnaces. Charooal specific reates are 1».

Another variety is the "Cangs" which is & hydrated hematite ore,
found near the surface of the ore bodies. Its Pe-ocontent is 55 - 60 %,
the P is high, 0.15 - 0,30 %, the alumina 4 to 6 %. This type of ore
is, like the prsceding, easily reduced in the bdlast furnace. However,
due to0 its high Poontent, the "Canga" ore is used in the burden in a
restricted amount, usually 30 % max. One serious disadvantage of
these prous iron ores is that, during the rainy season, they absord
up to 15 % moisture, causing difficulties in the blast furnace operation.
Compact hematite iron ores absordb only a max. of 2 % moisture.

Nowadays they are used for eoonomic reasons, by plants which own
mines of one or the other ore types in their vicinity. Mining of these
ores is very simple and easy and does not require any drilling and
explosives.




Today, with the great care given to the preparation of the blast
furnaoe burden, the more ocompact and less porous iron ores of the
pure hematite types are ocurrently usc.. in most Ninas Gerais and
Brazilian charooal blast furnaces. They require less charooal and
give higher blast furnace outputs than the two above mentioned
qualities of iron ores.

(i1) Ore siges

A rule of thumd is that larger sises of ore are more difficult
to smelt than smaller cnes. Murnace efficiency therefore dictates an
upper 1limit tc sige. There is a general trend to use as much as
possible the no-called "natural pellets", a sise between 6 mn and
18 mm. The ideal is to use 6 mm to 12 mm but this is diffiocult to
cbtain in large quantities because of the great losses of ircn ore
fines caused 'y the intensive crushing and soreening operations.

Typical sizes of iron ore in a blast furnace burden are:
12mt030m . ......5%%to60%of total burden, with trend
to deorease
6mnto 18Bmm . ... ... 4%t 5 % with trend to increase.
Larger furnaces, 300 t/day upwards, have a tendency toward using
100 4 in sizes between 6 mm to 25 with a tolerance of + 5 %
2 mand € 6 m, The dif’erent sises of ore are sepirately
charged in the bucket. This method is ocalled "layer charging”.

It is very important to screen out all the fines under 6 mm. It is
Dest to rescreen the ore before charging it into the blast furnace bucket
or skip.

Good results are obtained by washing the ore, while screening it,
through a strong waterspray which eliminates adhering dust and gamgus.
In the rainy season, this dust and gangue is transformed in mud and
the washing is still more important than when the ore is dry. Exoellent
blast furnaoce productivity results have been obtained by all these meagures.




(i41) Transportation of iron ores

411 the important iron and steel plants have their own mines
situated at distanoes between 10 and 100 km from the plants and
transport most of their iron ore by railway. One plant Mannesmann
does some transport by an aerial cableway through a distance of
approximately five km. The transportation capacity of this cableway
however is small, Mining is usually operated through totally owned
subsidiaries. The Monlevade plant of Belgo Mineira has its own
electrified railway and brings the ore to the plant at a distanoe
of 1C kxm, MNost other plants use the State owned reilway.

Tke oharcoal blast furnaoce plants situated in the States of
Rio de Janeiro and Sao Paulo have to bring the iron ore at distanoces
of a few hundred km from the State of Minas Gerais.

Most of the smaller and medium charcoal blast furnaoe plants
situated in the State of Minas Gerais do not own mines and have no

railway connection and the ore is tra.nsportéd by trucks. Cost of

transportation:

By truck for distanoe of 100 km Uss 6.0/t
By state railway for distance of 100 km Us$ 1.5/t

Truck and railway costs are lower when the iron and steel
companies operate their own transport system.

(iv) Ore Prioces

In the Belo Horizonte area commercial prices of hematite iron ores
in the above described sizes are at present (1977).

Not washed . . . . . . . . . FOB Mine: US§ T/t

Wagshed . . . . . . . .. .. FOB Mine: US$ B/t
CIF at 100 km from mine, including transport by private truck - US$ 13-14/%.
CIF at 100 km from mine, inoluding railway transport - US$ 8.5/t.
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These prioes are for washed and unwashed ores and oan be lower
on long term oontracts.

(v) Sinter

Approximately 70 % of the iron ores in Minas Gerais are mined
in the form of fines and several of the more important iron and
gteel plants, whioh operate their own mines, sinter these fines
and form a combined blast furnaoe burden of "natural iron ore pellets"
and sinter. The existing sinter plants for charcoal blast furnaces
are disocontinuous pan type Creenawalt type units. The first one was
gtarted in 1945. Capacity of pans 300 - 500 t/day; productivity
25 - 35 4/m2/24 hrs. A continuous grate sinter machine, Lurgi design,
started opersation in Fedruary 1978,

Besides hematite iran ore fines, other ore types and iron bearing
materials like rolling mill scale are suooessfully used as limited pro-
portions of the sinter mix.

Like iron ores, the different siges of sinter are separately oharged
into the blast furnace.

For example - ooarse sinter 12 mm to 50 mm
fine sinter 6mmto ¢ mm
The importanoe of sintering is based on the following reasons:
(i) To make an econcmic use of the large available quantities of
cheap hematite type iron ore fines sized 0,10 mm to six mm, Many mines
have dumped these fines during years. Large amounts are available.
Commeroial prioe FOB (mine) US$ 5/t.

(1) To use the charcoal fines or breege under Six mm sise, hich amount
to 22 % of the total charcoal production.

(4ii)fo inorease the blast furnace productivity.

(4v) To lower the charooal rate per ton of pig lrom.



(v) To get a simpler, more regular and etable blast furnace
operation through the use of self-fluxing sinter which means
that it oontains all the neoessary additions to & self-fluxing
burden like: limestone or lime, granulated blast furnace slag
or sand, manganese ore. Preseatly lime ip preferred to lime-
stone because it increases the specific sinter production and
produces a sinter which is easily reduced in the blast furnace

and gives a good permeability to the burden.

The influence of sinter on iron output and charooal rate
in a charcoal furnace at Monlevade with 210 t/day nominal
ospaoity is shown in figuresi? and 12.

Iron Production t/dsy

4 Sinter in burden
Figure 11. Influence of Sinter on blast furnace production

3.1
2.9

" Charcoal rate 53/1: iron

2.7
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25710 2 % 4 S 60 T0 8 90 100
% Sinter in burden
Pigure 12. Influence of Simter on charcoal rate




However, when this comparison is made between a blast furnaoce
burden of "natural pelleis" and a burden with sinter, the figures of
production increase and charocoal economy are less pronounoced.

( ¢) Limestone

As charcoal is praotically sulphur free, oharcoal olast furnaces
operate with an acid slag with a ratio gi&gz- 0.7 % 0.9

When the iron bearing burden is ocomposed exclusively of hematite
iron ore, the limestone addition is 90 to 110 kg per t of pig iron.
Hhen using fluxed sinter with & basicity ratio of 0.9 to one the
neoessary limestone addition decreases proportionately to the amount
of sinter in the burden.

Large deposite of excellent limestone, minimum CaO content 54 %y

exist at distances of ome to 200 kms from most iron and stesl plants,

Limestone is usually purobased from indepandent quarry owners
and operators who do the crushing and screening. A few stesl plants
own quarries. Usual siges: 10 to 40 m,

Limestone prioces

FOB, quarry (1977) US$ 3/t.
CIF Iron and steel plant, including 200 km truck transport US$ 9/t.

(a) Silioa

Due to the high purity of the iron ores used in Bragil silica
addition is required to obtain sufficient slag volume. This acid fluxing
addition is usually made in form of sand and river gravel. Used open
hearth gilica refractory bricke can also be a.ddod.SiO?_ oontent of sand
and gravel should be 95 ¢ minimum.

Siges: 10 to 30 mm.

Silica is frequently encountered in the vicinity to the iron and

steel plants in rivers and quarries.

Amount of addition: 60 to 70 kg/t of pig iron when using hematite
iron ore burden.

Prioces: FOB quarry or river: USS z/t. (Practically no transportation
oosts).
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(e) Dolomite

Dolomite, whioh is ocaloium-megnesium ocarbomate, is used alone or
in oombination with limestone by some blast furnaoces, principally the
larger ones, Some plants use dolomite limestone becsuse they own quarries
of this material in the vicinity of their plants. The proportion of
limestone and dolomite used depends on the other ocomstituents of the
slag. Dolomite is used in order to make the slag more fluid. It is
also used in the form of fines in the sinter mix.

Prioces: FOB quarry: US$ 6.%/t.
CIF iron and steslworks including 200 km truck tramsport US$ 12/t.

(£) Manganese Ore
There exist several small mines of iron-manganese ores with 15-20 £ Pe and

30-35 ¢ Mn in the oentre of the so-ocalled "iron square” of the Btate of
Minas Gerais, but no large ones. The available quantities are, for the
moment, sufficient, but therse is some oconoarn that in the long run the
mangsnese ore will have to be transported at great distances from other
States:

When using 100 4 iron ore as furnace burden 20to 50 kg/t iron of
Manganese ore is added, sised 12 to 60 mm, depending on the desired
manganese ocontent of the pig irem.

When using self-fluxing sinter, the necessary mamgumess oontent
is incorporated as fine ore into the sinter: 30 to 40 kg of mangmmens
ore per t of sinter.

Prioes: FOB Mine: US$ 23/t
CIF blast furnace plant imelwding reil trenspert UBS 24.%0/+.
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3. m.mmmmwmumm
STEEL PLANTS

(s) Reoeption:
MWManmimud-tnlplmumtoh
carefully received and checked at & special reception osntre.

This oontrol is very impertant and the receptiom oentre is manned
24 howrs/day.

The objects of tke osmtrol are: -
(1) To comtrol and check the arrival from various sowrces
(11) To measure the received quantities
(141) To pay for the received quntities
(iv) To sample incoming loads for chemical amd physical amslysis.
(v) To obtain all possible information on charcoal stocks svailable
for the dlast furmaoces.

mmnlctthmiumtnnnhmuth-uhmnﬂ
wnuusmm«muutymmm. otherwiss the
oqniu-q-lﬂcrm-toml-ndwlom-. The risk of
human error and oupidity is always present and charooal is the most valmable
rew mterial of the irom and stesl plamts.

it wzm,tbuu-qmmdttoaudsomofm
given to the tramsporter for purpose of payment. Charooal quantity is
always expressed and paid per voluse. Mmilwmy oars and trucks are measured,
taking length, width and principally height, whioch is the mly varying
dimension. Nevertheless, for the purposs of double checking, it is good
practios t0 also weigh the charocal saud soales should therefors be swailable,
whioch print ticicets of every received truck and reilway car, Weighing
charcoal is also weeful for checking its specific weight and so to oomtrol
its qmlity and moisture comtenmt.

Trucks loaded with bags are wmloaded manmlly inmto & measuring box
or wagn of fixed volwse varying between three and five s°. The box may be
tilted omto & oomveyor or directly imto & bin. When & measuring wagon is
weed, it has gemerslly a single or double sloped floor and side discharging

doors vhichk allow the charoocal to be directly discharged over, or imto,
the storage spaoce, Coal arriving by ssrial cable-way is checked, by




mﬂuw«“u“mmmmunm
imte the bin,

When rail cars er trucks are mlesded they should be checked fer
my siga of mmcke or fire. Amy lead imdiesting a fire risk must be
separated and never discharged imte the sterage spase.

(v) giegage of charosal:

A large charcoal storage place is of wimost impertamce iz am irem and
stesl plamt.

Charocal mspwmfacturing is characterised by am abesmse of fized lecstiem;
it is located frequamtly iz remete places spread ever s wide ares amd
sothods are relatively primitive and dependent om seasemal and humsn facters.
There are alse diffioulties in tremsportatiem.

In these respects charcesl is very differemt frem metallwrgical
oske which is mamafacturel in large quanmtities inm & single locality asd
tremsported in whole truin cr ship loads to the comswming irem amd
stesl plant.

T™he wee of & large storege space or dspot cam swhetamtially sewtralise
the abeve odjectionable wariables which arise in charosal msmmfactwre.

T™he storege depot has the fellowing fwmotioms:

(1) To omtralise all wmloading opsratiems

(1) 7o protect the charoccal fres hwmidity smd rein

(111) To provide Luffer stock wo tist the blast fwrmace esm werk
osmtirwonsly owvir a lomg peried.

The storege cspasity required is directly related o the daily dlast
furmace owntput; 1tﬂnwfr-mwum-uﬁ-~plym
o the regularity of charocsl suwpply. Storege capacity alse depends e
vhether the charccal is swplied frem mtwral or mem-ande forests.
Osmerully the capacity sheuld be 20f of the yearly cmswmption frem mstive
forest and 10f vhen swpplied by artificial forests.

(3v) 7e newtralise the effects of irregular charceal swply, prices smd
transportation, ¢.g. Guring prelonged scasemal reims. The greater amd meze
prelonged these diffioculties, the greater must be the velums of the storege
doposit. At e begimming of & prolemged reiny sesssn, feor imstames, the wte-
ring depet shenld be cempletely filled amd at the amd ef it, nearly espiy.
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(v) %o blemd differemt qualities of charvoal for instamoe batches
with moigture comtemts of 108 and 0% to result in an acosptable averege
of 15%.

(vi) To check the rate of comswption of charceal
(vii) To protect it from fire, and other hasards

The storege depot should be some distance from the irom making planmt,
on its periphery. It should de arrenged with plemty of space arowmd it
to oater for intensive truck and reilwmy traffic without distwrbing
normal irommaking plant operstioms.

The lay-out is, in gemeral, similar to that of the intermediate
storing deposits previously described. It ie, of oourss, mwch larger,
depending ou the sise of the irom and steel plants and varies frem
5,000 to 10,000 m> for the small pig irom blast fwrmaoce plants, to a
mex, of 250,000 m> for the Belgo Mineire charcosl deposit at its Nonlevads
plant, which allows storing of two months cbarcoal consumption by the blast
furoace.

Charocal ooming from trucks and reil ocars is discharged imto the
storage depot by travelling belt conveyors or msusmally from wagomes or ocars
with side discharge. When lump charocal arrives hy truck, it may de
mloaded by a tilting devioe imto a bin and them tramsported tv the storage
depot. The depot is filled - starting from ome emd and comtinmuing leagth-
wise - at a steady paoe to reduce the falling height of ocal to a miniswm amd
80 onuse less fimes.

Storege height of the ocal must not exoeed seven m to reduce the risk
of self ignition, whioh increases with the height. This risk is highly
increased when the charcoal ocntains a large amownt of fimes, more thaa
108, which, vhen wloading, have s tendency to segregete from the larger
sise charocoal and to oonocemtrete in ome spot., In very large storing
places, as in Belgo Mineire, all the operstions are awtomatic, as the
quantities of charoocal tc be handled are very large and sporadic wloading
peaks must be taken in considerstiom, when trucks, reilwy cars and
serial tremsport simultaneocusly arrive st the storege depot.
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¢ Dus 0 special local ocomditioms, the Nemlevede stering depesit had
40 be laid out with a storing height of 1l a, which must, hewever, be
oonsidered sxvesmive, -

T™he nethod used for empying the storage depot depends e it's '
dosign. It may be dome:

(i) By trevelling conveyors raming in twmels wder the stered .
oharoocal which is gredbed by specisl devices and threwm omte the cemveyer.
This is 2 highly mechamised eparetion, very efficiemt, but camsiag & high
amownt of fimes and should emly bo oomsidered for very large imstallatiems.
It is aleo very expmmsive.

(4i) By sechemical bmoket lcaders on wheels, which lead the osal
iwte small cars or omto trewvelling comveyors.

(1i1) Throwgh wleading hppers with closing trups, hinged or stherwise,
In this ease the storing place floer mwst sither bs clovated or the eeal
e stered in large bims, steel or camorete.

(iv) mawally, with fosks.

A dimmdveamtage of highly mechamised stering depet is the fermstiom of
lazge amownts of charees) fimes, which cam smowmt to 10K, duws %o the
sumereous and rough handling of the csal., Bmll and nediwm sised stering
depots sheuld be made as sizple as possidle ommbining seme mechemieal
end mamn) handling. The preductien of fimes sheuld always be kept o 2
maism,

e layout of the storing depet sad its cpevetion nust tale acesunt
of the moed feor 7ire prevemtion amd fire fighting. The cssential measures

and recoumsndstions are: i

(1) ouitadle amd separete locstiem of the stering depet te allew '
wninpeded apd fast acoves and ciroulstiea frem all sides of all the mescssary
oquipnent amnd vehicles in eass of fire,

(41) sufficient ewtside space t0 separute burming charcesl, in eass of -
fire. :

(i11) Choice of the correct wmossbustible cemstrwstien material. A
goold combimstion is 0 have cemarete cclums amd stesl reefing girders
and galvemised sheet for roefing.
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(iv) 'hem the storing place is loosted in preximity of the dlast
m,&az.mum»r«myumm.,ﬂn
M—tunuumummammmmm
into the storing depot.

(v) Subdivision of the storing depot, in mmall cempartmemts, Wy
partition walls, to reduos amd limit the lesses i case of fire, The
individwl compartmsnts should have a velwse of mot more thea 2,000m> fer
-llm.-dwmthns,m3forhul~o. Inch compartment
st allov independent access from the owtside.

A good meagure is to have the storing floor elevated in swch & mammer
utowmw,nudﬁn,ﬁn‘ﬂm“uetnn
which wnload direoctly imto trwoks or hand pushed caris drivem wader the
floer.

(vi) Special care must be takem in the layowt of the slectrical wiring
vhich sust de oomstructed of special msterial, Yherever pessible, the
wiring should be laid owtside the building,

(vii) Sefficient water pipes for fire dxtiaguishing must be arremged se
that every part of the storage depot cmm be reached. The correct cheiee
of water pwips as regards capacity and presswre is csssmtial amd all electric
motors for pumping eto. should have Diosel motors for standhy in case of
electrical failure - A water ressrveir of adequate height and velwse must
be inclwded,

rwuﬂmhﬂdw,ml3an‘i¢m—n of}ﬂr"/hou is
recommsnied at & pressure of seven kg. Each 5,000 -3 oompartment should
have two comnections of 150 mm diamster. Roof mounted sprinklers are
also recomsended. 90 sprinklers each 10 mm dismeter for sach 5,000 m

oompartment.
mMcilcanboﬁndbyumuﬁnﬁmm.

(viii) Rfficiemt supervision and labor workimg in and arownd the stering
depot., Training aginst fire hasards and in fire prevemtion is essamtial.
At ome plant it used to be the practioe to imtrodwos lomg steel reds imto
the heaps of stored ocal, at regular intervals, and, by feeling the temperature
Wy band it was possible to judge whether a fire hasard existed or nmot.
A fire starts frequemtly very deep inside the ocoal hesp.

(ix) Prohibition of semoking in and close to the storing depot.
Prohibition of equipment which may cause fire, e.g. welding equipment.




(x) Unlosding of all oharooal trwcks and reilwsy cars outside the
storing depot.

(xi) Limitimg scosss to storege depot to suthorised perscms omly.

(c) gereeming of Qeayoesl;

Charccs]l must be soreemed befere charging it imto the bdlast fwrmsoce,
Mis is best done in a separete screeming hewss loested between the
storing place apd the blast fuwremoe charossl bims.

Seresning hag two fupotiong:

(i) To elimimate the finee wnder eight or 10 sm; small blast furnacee
ey wee the sise from eight mm wp, larger furnmaces from 10 mm wp. (Sometimes
12 ma to 14 mm, depending on the moisturs,)

(11) %o separate the charccal im two or preferadbly three sises.

Unlike metallwrgical coks, whick has substamtially wmifers sise,
sharoesl sise is irregular amd to give the blast fwrmace & geod and wmifora
perweadility, it must be separated i several sise frectioms which are
ssparstely charged imto the blast fwrmace.

Baeple:

Dree gives ve gipes

+40 = +3% m
20t 40m 10 to 0 m
8 or 10 to 20 ==

Yhen separeting in two sise fractione, the ooaress oms ie predominant
over the fine ame at the ratio 3 : 2er 2 3 1,

Screemns: Douwble deck screems make the sise separeation in ome simultamecws
speretion. Thess screems give good resulte, dut are sxpmmsive,

When single screems are wsed, the screening operstions, two or thres,
are mads cme after the other. Single screems are simple and cheep.

Seme plante rescreen the charocal finee rejected in the first screening
and recover the sises between six mm and eight mm, which are then charged
separetely into the blast furmsoes. M¥hen oharcoal is wet, more than 20%
soigture, screenming presente diffioculties becsuse of the obstructiom of
4he wire mesh. A larger opening must then de used, ¢.g. 12 mm or 15 m,
Charcoal screems have square or rectangular openings.




(¢) Stering Charccal st the Blast Purnsces

The different sises of charcoal are separstely stored in concrete
or steel bins with hinged, manually or motor-operated traps, or vibrating
feeders for dischargse. The charooal storing volume required at the
dlast furnaces depenas of the hourly charcoal consumption, the distance
Detween the furnaces and the plant storing depot, the regularity and
dependabdbility of transportation between these two points.

A minimum of eight hours blast furnace charceal conswmption is

essential, Three days consmmption is a good sverege for large blast
farnace plants,

Prom the bins, the charcoal may be loaded ‘uto travelling conveyors
or into manually or motor-opersted wheel cars which will carry the oocal
t0 the blast furnace buoket or skip. It may also be directly loaded from
the bins into the blast furnaoe bucket which are ocarried to the bins.
The first method is preferred.

A fov blast furnaces use travelling belt comveyors up to the furmace
top (Perro Brasileiro) and have good results.




4. CHARCOAL QUALITY FOR BLAST FURNACE UBE

(a) Amalysis end Tegting Procedwres

wmniu«m-.muumm-
in Nimas Oerais - Brasil,
Table XIX

Chemical and Phrysiocal Range
oamposition of charocoal
Dry bagis - by weight Max. Min,

Carbon 80 60%

Ash 108 %
Volatile matter 2684 1%

(ﬁ;’)dv-umh‘d 330 200

Bulk Demsity - dry - 270 180

Average Sise (m) 60 10
-8 received-
Fines Ocmtent - as received | 226 10%
(=6.35mm)

Noisture Content
-8 received- 2% %

Priability ¢

coarse + 31,75 mm 20%

8. Shatter test medim - 31.75 m (1
to fime + 6.35 mm

be Tumbler test occarse + 3l.75 m Fo average
pedim - 3.7 mm
to fine + 6.3 m

I

. The renges and yearly averages refer to oharcoal used by Belgo Mineire,
This 4s 2 nixtwre: 40% eucalyptus charcoal produced in company operated
kilns and 60X heterogenous naturel wood oharocal manufactured by privately
opersted kilns. "“Good to exoellemt® charcosl refers to that produoed from
euncalyptus wood in company kilns.




Composition of Ash. Average for the State of Ninas Gerais is:
810, « 15-25%; Ca0 = 25-35%; Ng0 = 6-T; A1.0, 2-4%
Fe 0, = 3-5%, Mn « 0.5% P (as P203) - 1-3%

B 0= 1-2%; K0 - 10-15¢ S = 0,05 % - 0,06 £

The high proportions of alkalis is typioal of charcoal ash,

Composition of volatile matter,

Neagured in voluwe at high tempersture

002-91, W-MHznuo“Cnﬂ--m

The high proportions of hydrogen and CO are typical,

To account for the wide range of charcoal qualities supplied to the
steel plants it must be remembered that most of the charcoal produoced in
Bragil is mamufactured by small, independent producers. Their production
is very primitive using heterogenous woods in remote places swhere super—
vision is prl.otidl.lly impossible,

On the other hand charcoal produced from sucalyptus wood in company
operated kilns has & wmiform and good oomposition with good chemioal and
physioal proportions.

This type of charooal is being manufactured in ever inoreasing proportiom.

To oontrol the quality of charooal received from suppliers samples
are taken from every truck and reil oar. This is called "testing at
reception or testing the ocoal as received.

To oontrol blast furnaoe operstion and pig iromn quality tests are made
on samples taken from the charcosl charged into the furnace.

The following tests are made daily for the received ooal and separately
on each sige fraoction, coarse mediwm and fine charged to the blast furnaoe,

(1) moisture oontent
(11) bulk demsity
(ii1) average sise of sample and fines content - 6435 mm.

Manual sieving is dome on square mesh gieves of 10l.6 mm, 76.2 mm,
50.8 R, 31.75 R, 25.‘0 A, 15.87 m, 12,70 i, 9.52 == and 6.35 ]




After sieving the average mise is caloulated,
For exmmple: For testing coarse charcoal - normally + 31,75 m
Table XX Measurement of average charcoal size

Size Range Av, sige (1) 4 (2) (1) x (2)

+ 101,.6 0.0
-101.6 + 7642 373.38
~T76.2 + 50.8 673.10
~50,8 + 31.75 1584.77
=31.75+ 25.4 719.69

=25¢4 + 15.87 317.70
~15.87 412,70 59.99
=12.70 + 9,52 1l.11
= 9452 + 6435 6435
- 6435 + 0,00 0.64

3746.75

Average sise }1%]2 = 3T.46 m

The Strength of Charoosl:

Strong charcoal is of utmost importance to resist the effects of
numerous handling opsrations in its transit from the kilns to the blast
furnace. The losses, through the formation of fines, bstween the kilns
and the blast fnrnacc charging bucket may be 10-25% in volume. Generally,
the more mechanised installations will produce more fines but the degre~
dation of charcoal tends to s=stabilise itself, This ocan be seen in the
tumbler tests when the charcoal is subjected to many hours of rolling
and tumbling.

For this reason coarse greded charcoal is weaker than finer charocoal
vhich has suffered from the effeots of much handling,




For this reason the friability tests, shatter and tumbler, are
made separately on ocarse (+ 31,75 mm) charooal and medium to fine
(-31.75 + 6.3% mm) charcoal.

The friability tests aresa means of meaguring the liability of the
charooal to break into smaller pieces, when subjected to repeated handling,
and so indicate the relative extent to which sized ooals will decrease
in sige during transport and desoent inside the blast furnaoe.

The figures in % indicate the reduction in sise which the ~riginal
charcoal size will have suffered during the test.

Therefore, the lower the % figure the better the charcoal. No Brazilian
or International standards exist for charooal teste and the tests used have
been derived from coal and ooke testing methods. They can, therefore,
only be oonsidered as prectical means of estimating the physioal qualities
of the charcoal.

The tumbler test is oonsidered the most important of the two
friability tests. It is derived from the recommendations R-556 of the
MICUM Indices of ooke of the International Orgmnisation for Standarisation

(1%0).

10 kg of ocharcoal are placed in o steel test drum 1,000 mm long,
1,000 mm diameter fitted with four stee! angles, fixed lengthwise inside
the drum. The drum is rotated at 24 r.p.m. for one hour (total 1,400 rev.).

Charcoal is first tested at the works reception. The ooal is hand
sieved and only material larger than 31,75 mm is tumbler tested to avoid
the fine sizes protecting the coarser pisoces by their cushion effeot
ageinst shocks and abrasion.

Previous to the tumbler test the new average site of the charcoal must
be calculated (-as in table XX) After the tumbler test the resulting average
sige is again calomnlated,

The friability is expressed as %: -

AV. sise after test

100 (1 - Av. Size before test

Charcoal, as charged to the blast furnace, is also tumbler tested,
The three charge size fraotions, ooarse, medium and fine are tested ssparstely.
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Table XXI Charooal Tumbler Testing

For example,

Sise range before testing:

Testing of screened coarse charge sige fraction.

Sise renge av, sisze (1) % (2) (1) z (2)
- R
- 101.6 + 76.20 88.9 7.9 T02.31
- 76'2 + 50.80 63.5 20.0 1270.m
- 2:8 + 31075 41027 T2.1 2975056
100,0 4947.87
average gige = 49.47 ==
1] after te 3
= av, Sise mm(1l) % (2) (1) = (2)
- 101s6 + 76,2 88.9 0.0 -
- 7602 + ”.Bo 63.5 1504 977090
- 500& + 31075 41027 32.2 1328.89
- 31.75 + 25.40 28057 26,1 745.68
- 25.40 + 15.87 20.63 11,6 239.31
- 15,87 + 12,70 14.28 4.8 68.54
- 12.70 + 9.52 11,11 4.5 49099
- 9.52 + 6035 7.94 3.2 25.41
- 6.35 + 0,00 3.18 262 TOm
100,0 3442.72

average smise = .43

100(1'%)-30.41

The drop shatter test is the second friability test.
from the AS™ D-440-49 for soal and the apparstus is described in ASTM

Prisbility % =

D-440-49.

twbler testing.

This teut is derived

Test material is prepared as for tumbler test and 10 kg are
dropped four times from a height of 1.83 m.
is oaloulated after sieving and compared with size before testing as for

The resulting average coal sise
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Chemicsl analysis is always expressed om a dry bagis.

Ash oontent is the remsinder, after oombustion at 700°C in a muffle
furnace, of one gram of charcoal, Volatile matter represent the gases
expelled from the charcoal when hested at 950°C for five mimtes. Fixed
carbon is 100 - (% ash + % volatile matter).

Qushing strength is less importanmt for operetional purposes than
friability figures since the crushing strength figures do not express as
well the ability of the charcoal to resist abresion and breakage.

The crushing strength of charcoal varies greatly with the wood
quality and how the carbonisation of the wood has been oonduoted., Wood
whiok has been carboniged too fast will result in charcosl with many oracks
and low crushing strength. The orushing strength is different when
meagured parallel or perpendicular (redial) to the original wood structure.
The parallel strength is much greater than the redial strength. The radial
strength of charcoal from heterogencus Bracilian woods varies between
25 and 50 kg/on’ and encalyptus charcoal averages 30 kg/mZ.

FPor oomparison minimum crushing strength of blast furnaos ooke is more
than 100 kg/om’, Por all thess reasons, the crushing strength of char
ooal is not tested in the laboratory.

Exterpal aspect of charcoal is important and an experienced charcoal expert
oan maks an acourste judgement of the quality of charcoal, both chemioal
and physiocal,from the following external observationst

A good charcoal must bave brilliant blaok oolour, be hard, have no
smell and give a clear metallioc somnd when two pieces are knocked together.

borat [ t and 1

For wndertaking the above analysis and testing a properly equipped
laboratory is essential. Equipment must inolude, hand gieves, 50 and 100 kg
balanoes, ball mill, stoves, muffle furneos, eleotric combustion furnaoce, gas
burners, gss heated hot plates, platinm orucibles, pyrometers({wp tu,zoo“c),
precision balanoes, laborsatory glass ware and chemioal rumtg for wet

analysis,

Personnel should inolude two chemists (technicians) for physioal and
chemioal laboretory and ome helper for preparing msterial,
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Iavegtmegt costs, DPuilding Uss
2
TO m, for physiocal tests
35 m° for chemiocal tests 15,000
Apparetus 35,000
50,000
Seeretionel cogts. Uss
Persomel costs 1,000/month
Materials and overheads 1,000/monrth

Total USS 2,000/menth




o
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5. OPERATIONAL TBCENIQUES FOR CHARCOAL NLAST FUNNAOEE

(s) Blowing in '

The prooess of starting a furnace is called "blowiag in".
It is oarried out in four steps.

(1) Drying and heating the stoves
(41) Drying the furnace
(111) Filling the furnace

(iv) Blowing in the furnaoce.

Drying

Howly constructed or relinsd furnaces and stoves are oarefully and
slowly dried before they are put into service. The reason is to awvoid
as ruch as possible extreme thermal shook to the lining and to drive off
the vast amount of water absorbed by the briok during oconstruction and
oontained in the mortar used in brick laying.

For drying two methods are available depending on whether blast
furnace gas from another furnace (or another combustidle, gus) is
available during the blowing in period.

When gas is available this oan be used during the whole drying and
heating cycle of the stoves and also for the initial light up of the blast
furnace.

When gas is not available the stoves must be dried and heated by
inserting wood and charcoal into the bottom of the stove oombustion
chazber. In this case stove heating can be completed by blast furnace
ges as soon as this beocomes available from the newly lit blast furmaoce.



-
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(4) Dxring smd hesting the stoves
Example given for 190 t/day blast furnace with three stoves, Sedarf plant.

1. Start ons day before preliminary drying the blast furnace.
2. Start drying with gas, or firewood and charcoal, in the bottom

of the combustion chamber until the temperature in the dome reaches 200°¢.,
Naintain this temperature during 24 hours. Stack slide valve stays opem.

3. Increase doms temperature 100°¢ every sight hours until it has reashed

700°¢C.

4. Isolate the stove and maintain dome temperature at 7oo°c by adding
charocoal or gas, until the furnaos is lit.

5. Total drying and prehesting time: thres days minimmm,

(1) prying the blast furnace.

& Preliminary drying.

i,
ii,
i14,
iv,
Ve
vi.
vii,

viid,

xi.

Keep blast furnaoce bells opem.

Leave slag notoh open, without the oast iron umcooled holder.
Block all tuyeres with clay.

Keep the hearth splash oooling system closed.

Open the cooling system of the tuysres snd the tuyers vooler
castings.

Shovel burning charcoal onto ths hearth floor through the slag
notch opening.

Cover this coal layer with charcoal and firewocod and start
drying.

Blast furnace throat tempersture not to exceed 3oo°c.

After 48 hours heating stop adding firewood and open tuyeres
and tuyere elbow covers.

Let hearth ocool and clean it out. .

Total time for preliminary drying: 56 hours.
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b, Pinal drying.

i, Close blast furnace bells. ,
ii. Close tuyere elbows and remove any material which may
clog the tuyeres.
iii, Whan the stove dome has reached 700°C, give a hot blast
at 4oo°c temperature during two hours.
ive After two hours, interrupt the hot blast and open furnace
bells.
ve Increass doms tespersture to 1,ooo°c
vi, Total cycle: about four hours minimum,

(441)Pilling the furnsce.
Example given for a 150 t/day blast furnaoce, Sabaré Plant.

& After drying the furnace insert a wo inch pips througr the irem motch
into the furnaocs. It should stiock out 0.5 m and reach the hearth cemter.

b, Fix the pipe to the irom notch with clay.

¢+ Charge into the furnaoe, through ths slag notch or tuyers opeming,
coarse charooal until the slag notol level has beem reached.

Amuﬁmnmax—urm-m-3 of charooeal,
4. Insert the slag notch holder and the slag notch.
6o Closs the slag notch or tuyere.

f, Start filling the blast furnace according to the following burden
for a 150 t/day blast furnace. (Ses Table XXII).

g+ Use separats buckets for charooal and for irou ore and fluxes.

he The total filling of a blast furnace having 92 m3 working volume
requres 40 charges. Total time 44 hours.

d. After 20 charges light the furmaoe by blast furnaoce gas through
a tuyere, or if no gas is availabdle, by inserting a red hot
stecl bar through the iron notoch and blowing compressed air
through ths notch.

Jo After the furnace has been completely filled - i.s. the stookline
recorder indicates "O" - start the blower and blow at 0.5 m water

geuge pressure.
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Waen dlast furnaoe gas becomes availadle the stove ocan be
1it. When stove dome temperature reaches 1,oao‘cmum
oan de fed to the furmaoce.

Open the hearth cooling system.

Increase blast pressure at a rate of 0,5 » W.G. per 2 hours
until final desired pressure had been reached.

Example: Por final blast pressure of 3.6 m W.C. 14 hours are
required.

Stove changes may be done at the following temperstures:

Nax. tempersture of dome: 1,ooo° C Blast tempersture 600°

Nin. temperature of dome: 900° C Blast temperature 500°

When, within approximstely 3 hours, the first moltem irom
appears at the taphole, it must be plugged.

After the completely filled furnsos has recsived 20 more charges

within approximately 54 hours, the first tapping will be dome.
Take samples of iron and of slag.

During the first five days of dlowing-in foumdry pig irem with
twe peroent silioon is preduoed.

After this initial period burdening is gredually adjusted to
obtain the desired routine pig irom compositiom,

le XXII Bl Murnace o

Fumber Coarse Hemutite Quarts Nanganese Limestone
of charcoal Iron Ore Ore
Charges (+38 mm)
- K £ . 7 - Xz
10 2.2 - - - -
5 2.2 25 2 5 35
5 2,2 400 2 5 &0
5 2.2 500 2 5 20
5 2,2 600 15 5 ko]
10 2,2 700 10 5 3
Pollowing 2.2 900 10 5 &
Charges 14 id id id id
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(v) Roytine Operation.
Example: Two - 150 t/day West furmaces st Sadard Belge Nimeirs
preducing molten hot matal for O.K. furmaces
The furnaces operate comtimuously without shmt down on three eight
hour shifts.

Seguence of oharges:

Iron ore and fluxes are weighed on a cemtral soale with 2,300 kg
oapacity.

Charcoal is measured by volume.

Slast furmace I.; e buckets of 2.2 a° velum, Bech Wecket
carries one complete charge - “combinatiom charging” - comsisting of's
Iron Ore + Fluxes + Charooul.

Bzample: Charocoal: 2 cubic m.
Irem ore: 1,090 kg
Limeatone! 52 kg .
Quarts: 23 kg
Nanganese 079! 10 kg

Seguenoce of charcoal sises: Two bBuckets cosrse charcocal + 38 mm
Two buokets medium charcoal 20-38 sm
One buocket fine ocharccal 10— ==

Bast fursece II.: Uses separste charging of charccal and irom ore
fluxes.

Sequence of charges:

One bucket iron ore and fluxes

One bucket charcoal

Charocoal 1.8 cudic .
Iron ore: 1,138 kg
Limestone: 52 kg
Quarts: 23 kg

Nenganese oye: 10 kg




Sequence of charcoal sises: The same as for blast furmaoce I.

Tepping: Bvery 2 3/4 to 3 hours up to 20 tons of hot metal
tapped from each furnasoe.

Opening iron notoh, Drilling with pneumstic drill and finally
burning with oxygen lanos.

Closing iron notch. By pneumstic clay gun - one per furnaocs.

Routins work between tappings.

Cleaning up metal and slag and repeir of main punner
oooling cast iron pigs, removing pigs
Preparation of casting beds for next cast.

Copting hot metal in sand ocasting beds

When tap hole is open the hot metal runs down the main trough.
A skimmer separates any slag and diverts it to the slag ladle. The
iron runs to the casting beds, or into ladles for transport to the steel
plant.

At Sabaré the pigs are 850 - 1000 kg each, which are hoisted by orans.
Formerly 15 - 20 kg pigs were cast, mamually broken and handled.

The molds are made of special sand with 3 ¥ bentonite as binder.
Rumners and molds must be carefully dried with B.F. gas.

When casting in sand hot metal tempersture must be 1300° C, lower
temperatures result in skull formation. Consumption of runner and mold
sand, when casting 50 % of hot metal into molds, 50 kg/t.

1 the .

At every tapping a sample of iron and of slag is taken. The iron is
ocast into a small steel mold and broken. (See figure 13 aococording to
Brasilian Standard NB 57).) Care must be taken to obtain a sample which
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is representative of the whole cast. By visual observation of the grain
of the broken chilled surface and the slag oolour an experienced bdlast
furnace melter is able to make an accurate estimation of the hot metal
tempersture and silicon oontent. A sample of iron and slag of each
tapping is sent to the chemical laboratory. The following elements of
the iron are analysed: C, Si, Mn, P, S. It is sometimes unnecessary

to analyse the slag at every tapping and once or twice a day will be
sufficient.

The Monlevade plant of Belgo Nineira, Mannesmann and the Aoesita
plant use a vacuum spectrometer for chemical analyses. The sample is
taken in a oopper mold represented on fig. 13 acoording to Brasilian
standards. At Monlevade the sample is sent to the laboratory through
s pneumstic tube transportation system and the result sent back to the
blast furnace by telex. Total time: five mimutes against ome hour for chesmical
snalyses and transportation system.

Approximste cost of a Quantovac vaouum spectrometer US$ 100,000.

Acocording to the Brasilian Associstion of Technical Standards (BB B8j4)
the following standards have been established for charooal pig iron.

Table IXIII
A, _Pig iron for steslmpiciagibasic (B) and acid (A) prooess

Manganese % Phosphorws % Sulphur %

Class Min Class P Class 8
1 Ir I I II I 11
GB1 | 0.5 max. P41 | 0,81 0.071 0,011
GAB 2 | 0.5 %0 0,80 .40 to | to 0,07 to |0.010 | +¢
. BAX, max.
GAB 3 0.8t %0 1,20 .80 1.2 1 0.100 0,020
GAA 1.2% %0 1.70 0.40 %o 2,80 0.100 0,020




Table XXIV

B. Pig iron for foundry iron.
Type Silioon Manganese %

Class Mn

v

1,00 max

1,01 to 1,50

1,51 to 2,00

2,01 to 2,50

2,51 to 3,00

3,01 min,

08 Amslysis eotc.

In charooal blast furnace practice slag quantity is normally about

130 - 150 k¢/t pig iron with a basioity ratio -g;'-% = 0.7 to 0.9.
2

A typical slag analysis (no dolomite in the burden) is:

Ca0 = 30 - 35 %; 810, = 35 - 45 %; A1,0, = 10 - 18 &
HgO = 2.5 -3.57; M0 = 1 - 3 %; PO = 1 - 24,

A typical bdlast furnace ges composition is:

0, = 14 - 8% C0=24-27%; cn‘.z-ux..
E, (without oil injection) 4 - 6 %; with oil injeotiom 10 %.




Calorific value 900 - 1,100 koaJ./nt. With high sinter burdens
decreases to 850 - 900 Iu::a.l/run3 due to lower charcoal rate.

Top gas temperature 100 - 200°¢c
Top gas pressure 200 - 300 mm w.g.

Stove operation

Many exieting small to medium blast furnace plants oper~te --.th two

stoves per furnaoe.

To increase the blast temperature and to have a better temperature
regularity over the blast cycle, the general trend is towards three stoves
per furnace and several plants are therefore adding a third stove to eaoh

furnaoe. This much reduces blast temperature fluctuations.

The newer charcoal blast furnaoes all have three stoves. Another
arrangement which is sometimes found is to have five gtoves for two

blast furnaoes.

Most present stoves have manually operated valves which are sometimes
being mechanized by electric motors and the entire operation time is thue
reduced to a few minutes against 10 to 15 minutes for the manual changing.
Thie practice results in higher hot blast temperatures.

The stove heating is controlled through the dome temperature whioh is
measured by a pyrometer and reoorded on an indicator. The newer type stoves
are usually heated until the dome reaches 1,20000. This temperature must
not be exceededi. The resulting blast temperature will then be 900°C.

The stove temperature depends also on the quality and oondition of
the refraotory cheokerwork.

In recent years existing hot blast stoves have frequently been modified
and improved with the aim of increasing the blast temperatures. This trend
oontinues and the new large charcoal blast fur-iaoes will operate at bla.st
temperatures of 900 to1.050 C against the present maximum of 850 c.
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(¢) Purnace operation with injection of oil or oharcoal through tuyeres

With the development of higher hot blast temperatures it is possible
to inject hydrooarbon fuels or pulveriged charooal fines into the blast
furnsoe tuyeres to control the flame temperature and at the same time
replaoce some of the charcoal.

The 0il used at the Belgo Mineira Monlevade plant is of Bragilian
origin and at normal temperature has & low fluidity and must be heated
o0 110°C to obtain sufficient fluidity. After steam heating at the boiler
house the o0il arrives at the blast furnaces at 90 - 100°C with a pressure
of 11 kg/cm2 in steam heated insulated piping.

At the blast furnaoes it is filtered and distributed to each tuyers.

The o0il is injected into each furnaos through lanoces which pensetrate
into the tuyeres.

0il oonsumption 40 - 45 kg/ton hot metal
0il specification: CV = 10,200 koal/kg

specific gravity = 0.9

composition C = 85 %; Hy= 10.4 % S = 1.0% (max.)
Replacement ratio: One kg oil replaces 1.6 kg charcoal

One kg oil oosts US$ 0,06, Ons kg charcoal costs US$ 0,06, Thus one kg
oil (US$ 0.06) replaces US$ 0,10 charcoa] and the operation ie eoonomic
even at to days oil prioes. However, the most important effect is the
decrease in charocoal rate.

Acesita plans to injeot pulverised charcoal fines in its new 1,000 t/day
blast furnace. This technigque has been used for a number of years in
Australia. See Section 4.1. (D).
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(a) Oxygen enrichment of the blast.

When the blast air is enriched with oxygen, the flame temperature
increages and more oil nust be added to control the flame temperature at
approx. 2000°C. For every peroent of enrichment, a production rate in-
crease of 2 - 3 % is obtained. The higher the blast temperature the
smaller the gain in output.

At the Belgo Mineira blast furnaces the oxygen content of the blast
is increased 4 %.

The Monlevade plant has an exoeptionally favourable oondition as its
oxygen plant has an exoess capacity and therefore the oxygen used in the
enrichment of the blast has & very low cost. The resulting productivity
gain of the blast furnaces is therefore obiained at a small extra cost.

(¢) Hi ssure operation

In Seotion 3.1.(d) "inetios of gassous flow in the blast furnaoe"
it has been shown that one of the limiting factors in the blast furnaoes
operating at high wind pressures is the lifting effect that is caused by
the large volume of gases blowing upward through the burden.

Many coke blast furnaces have been equipped for years with special
valves in the top-gas grstem to increase the exit gas pressure whioh permits
s larger amount of air to be blown. With this increase in the quantity of
air blown per minute there is & corresponding inorease in production rate.

Charooal is much more sensitive than ooke to the lifting effect
caused by large volumes of blast and higher top pressure will therefore
have a more important effect on charcoal ihan on ooke blast furnsoes.

The following results are to be expected:
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Possibility of operating the furnaces at higher intensities than at

present without suffering the present frequent irregularities when working at
high intensities.

Increase in production rate.
Reduction in charcoal rate.

Obviously the blast furnace must be specially oconstructed to with-
stand increased blast znd top gas pressures.

Ne Brazilian charcoal blast furnace has ever besn operated on high
top pressure.
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T. SUPERVISION AND NANNINC REQUIREMENTS FOR BLAST FURNACES

The existing Bresilian charcoal blast furmsce plants are very
varied in the following respects:

(a) Purnsce sise and output.

(v) Degres of mechanimtion and modernisation of equipment and
operation.

(¢) Memfacturing programme - whether hot metal for steslmaking,
pig iron for sale or foundry use, hot metal for pipe casting
or & combination of thess programmes.

(d) The avility of the management.

In consequenocs the numbers and quality of supervisory staff and
labour foros varies from company to company and from plant o plant.
To estimate manning requirements correotly differemt ranges of plant
sise are considered ngtntoly.

(1) Seall to medium plants 50,000 to 150,000 t/yr - of curremt
design and operstion produoing pig irom for foundries,

(41) Large plants 400,000 - 600,000 t/yr producing exclusively
hot metal for steelmaking.

It ray be concluded that ihe largs and modern plants with a high
labour productivity require personnsl whioh must be technically well
sduoated, specialised and trained and therefore well remunsreted.

Small blast furnace plants of simple design and operation ocan
use less skilled personnel.

High technioal development of persommel is achieved gradually
in the course of years.
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Table: ion and £ ' Ll 1]
- Eight H Shifts P G , in Cast
E 8
po gt
Section Punction Fumber of Hlast Purnaoes and Irl .
*
Plant Supsrintendant . 1 1l 1
Supervision Prod. 1 1 1
Charcoal 8 . 'y !
Discharging, (
Storing and Crew {or labour) 14 Zi 28
Screeni Total 25 2
ng and ~Yoremen L 4 y
Operating the Scale operstors 7 12
BRast Purnaces Hoist drivers 15 24
Furnace opsrators 42
Assist. opsrators 42

18
4
4
8
14 2
14 28 2
Stove minders ‘
Total ' i 1%
Flower house k) 3
and mechanical Kower drivers 3 3 3
and electrical Repair men 17
sare e
o Foremen
refractory Masons 0 1
14 Total "'2 & 11
boratory Supervision 1 )
Coemists 2 g 6
Total j T
ing rew Supervision 1 1
terials in Crew (labour) 14 28 42
vl:zr:m-wrt.
P B ‘
shipping Total — 15 29 43
Offioe Offioe head l 1 1l
administration, Clerks [ 12 22
costs, salaries, ‘
shipping, daily Total 7 13 23
production, etc.
PLANT TOML 110 18% 296
Productivity - t/man/year = 500 tons
Productivity - man hours/t « 4.6 man hours

Pigures to be increased 10 £ for vacations, sickness and aocidents.

The work foroce oan be reduced approximstely 10% if the plant makes hot
metal for steslmaking.




Bupler

Supervigion and lavour for Plan
- + Hour

$

ifts Prohc:l.n! Bot Netal

for Their Own ting Shops

XXVII

Superintendant
Prod. lamger

Assist. operstors
0 tions mechanis Total
ng perinsendant
operating the Supervision
'blast furnaces
(semi-antomatic)

" Supervision
Foremen
Operators

Soale and hoist ops|
Purnace operstors
Assist. operstors
Stove ainders (3 st

per furnmace)

[
[N

Total

Blower houss,
boilers, fuel
injection
|mechanical and
slectrical repairs.

Supervision

0i1 injection
Blower driver
Boiler operstors
Naintenanoe crew

Repalr of
refractory
linings

Total
ﬁpﬂ'vhion
Foremen
Nasons

Total

INetallorgioal
and chemiocal
laboratory

'3{?» wwudhd »Tﬂ o B

of me urgist
Netallurgists
Chemists
Assistants

{
O~ O\ ON

Total

¥andTing rew
.mm" hot
metal and in plant

‘Supervision
Assist. supervision
Operators

y

L an Lo

S

os administ.
roonts, salaries,
shipping and
transport, daily
production

Total
Tead of office

| Clexrks

Oy \n =4 (SN o

I
‘ Total

- PLANT TOML

3
o

B o uo—aio*go-u‘"o&..mmuhﬁgs Hg‘ﬁsdsd#

Proﬁctivhy: % /san /year

Produnotivity:

man hours/+

1,300 ¢
1.8

1,600 ¢
1.55

Pigures to be increased 10 £ for vacations, sickmess and accidents.
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8. CHARCOAL BLAST FURMACE PLANT DESION

(s) Plast furnace lines

As a oonsequence of the physical obaracteristics of charooal ,
the height of charcoal furnaces is kept low oompared with ooke
blast furnaces.

Figure 14 shows design changes of the primcipal Brasilian
charcoal blast furnaoces during the last 40 years. It can be seem
that the working heights have been maintained practioally constant
and are nov between 12 and 15 m, with exoeption of the Acesita furmace
built in 1949 whioh had 16 m working height. This furnace had originally
boen designed to use charcoal and/or coke. Todays lines are the result
of a gradual evolution process which has been going on for many years
derived fros furnace campaign experience and a ocontimuous emdeavour for
isprovesent.

The hearth diameters have oconstantly increased from approx. 2,% a
10 6 » for the latest for the Belgo Mineirs furnmoce and 6.50 m for the
Aoesita blast furnace now under construction.

Angles of lines:
Dosh angle: 80 to 84°
Stack angle: 84 to 86°

The lines of the three largest Belgo Mineire blast furnaces with a
hearth diameter of 4,554mmresulted from changes made in 1956 at three
smller existing blast furmaces. (Ses Pig, 14) These furnaces have a 90°
bosh angle and no separate bosh and belt lines, following the Swedish
design of a similar blast furnace. This special design was the result of
& oompromise between the desire to increase the furnace wolume and output
apd the impossibility to increase the height of the furnace due to existing
looal hoist oonditions. Although these furmsoces work sstisfactorily at
high outputs and intensity of operstion, their umique bosh and belt design
has not been adopted in the new Belgo Mineire furnace of six = hearth
diameter,
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(b) Tuyeres

Tuyeres are made of copper oasting. Many plants cast their owm
tuyeres.

The welded tuyeres made of oopper sheet and a forged copper nose
are not used in Bragilian charcoal furnaoce practios.

Fumber and tuyere diameters: and nogzsle diameters: generally used are:

Small furnaces, hearth diameter 2,50m - m : 4 to 6 tuyeres, 90 mm dianm,
Nedium furnaces, hearth diameter 3,.50m - 4m : 8 tuyeres, 30 mm - 110 diam.
Large furnaces, hearth diameter 4.50m - 5@ :12 " id id

New furnaces, hearth diameter ém 16 n not disclosed

The trend in recent years has been toward increasing the number of
tuyeres to obtain a more regular blast distribution over the whole furnace
cross seotion and the results have been good,

A good measure consists in inclining the tuyere nossle 10° toward
the hearth bottom.

(c) Biagt furnace top
A good top oonstruction must serve the following funotions:

(1) Provide perfectly uniform distribution of the stoock entering
the furnaoce stock

(1i) Prevent the escape of large quantities of gus

(iii)Reduoce to a minumum the amount of dust and ooarse particles
ocarried out with the gus

(iv) Offer a tight seal against gas leaks

{ The following types of tops are used on Brezilian charoocal blast
furnaces.

a. Single bell tops. Mostly to be found on smaller furnaces, but
there are exceptions. The MNonlevade furnaces have single bell
tops because, after the transformation of former smaller furnaoes
in the present large blast furmaces, it was not possible, due to
looal oonditions, to increase the height in order to add a
seoond bell, The principal disadvantage of the single bell
design is the escape of blast furnace gas at each bell ocharging.
The charge buckets, however, have covers.




%, Double bell t0p. Nostly used on mediwm 4o large blast
fursaces. Satisfactory distritution of ‘urdem.Tight
olosing of top. Very little gas escape.

c. Delless top. Ome of the projected large oharcoal blast .
furmaces will be built with this top mystem of Paul Wurth
design which permits contimmous charging of the blast -
furnsce through a rotating and falling angle adjustable
shute which guarantees an excellemt distritution of the
tarden and permits high top pressure with very little
gas leakage.

(4) Gharging devices:
(1) mameal and semi-mamual bucket charging over horisomial ohargiag
muoumnwon.tuorw—nmbmm. These

mmtdouudo”mmmlmmm&hummlmm
at blast furmaoe top lewel.

(41) Inclined bucket hoist is very popular - see figure 15
(111) Vertioal bucket hoist at Nonlevads blast furmces.

Pig.15 Imclimed tmoket hoist. Stashler—Demag Design.
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With tuoket hoists, Yoth inclined and vertical, the bucket is
suspended from a carriage and drops the charge smoothly into the space
above the blast furnace bell, or bells, througk a bottom opening provided
with a small bell. The uoket is placed on a revolving cone while it is
being filled with charge. The prectice gives a radially uniform charge
digtribution in the bucket and, consequently, into the furnace stack.

Inclined hoists are prefersable to vertical ones as they allow
shorter sequence of charging; ons movement against two,but they require
more space for the charging dridgs.

(iv) Inclined skip hoist. The two largest Brazilian charcoal blast
furnaoes, at Acesita and Nannesmenn, use skip hoists which are open ended
charging steel cars which tip the charge into the hopper above the bell.
These furnaces had originally been designed to use coke or oharcoal (Acesita)
or only ooke (Mannessazn) and their charging mechanism had besn adopted

from coke blast furnace design. The open ended skip, through its tilting
action, is more harmful to oharcoal sise degradation than the smooth and
greadual action of the bottom dropping bucket.

The great Advantage of the akip charging is its speed and it is
thersfore being oonsidered for large charcoal blast furnaces, notwithstanding
the barmful effeot on charcoal sise degreadation.

(v) Conveyor belts. Some of the newer 200 t/day Bragilian charcoal blast
furnaces use this type of charging in oombination with a rotating stook

distribution hopper which gives good burden distribution ingide the furmnace.
Belt conveyors ars contimuous and fast but suffioient space must be allowed
40 develop the inclined path of the conveyor to the blast furnace top. 1

Struoture! i

Prasilian charocoal bdlast furnaces follow one of three designs;
the classio Amerioan design, the classic Buropean design or wariations
of these two.

(i) ‘e American design, as exampled bty Acesita 4.70 s hearth diameter
furnace, has no separats outside steel structure.




Several steel columns, covered with caps, support the furnaoe
mantle on whioh rests the load of the blast furnace stack from the
bosh upwards, inclusive the furnace shell, the lining, the top
appliances and the charging bridge, the vertical gas uptake pipes, the
steel platforms at the different furnace levels, with their stairs.

Blast furnace hearth and bosh are independent from this structure
and their lining can be removed without disturbing the inwall brickwork.
Advantage of this design: simplicity and savings of steel work.
Dissdvantages: the supporting steel columns are located beiween the
tuyeres, very close to the blast furnace, so that operation and
maintenance work is somewhat hindered.

(ii) The Buropean design, as exampled by two Belgo-Mineira furnaces at
Sabara, uses a self-supporting structure erected around the furnace.

This structure is independent from the furnace shell and its foundations
and is supported by four columns made of steel structure. The structure
carries the platforms and stairs at the different levels, the furmace

top appliances, the charging bridge, inclined or horigontal, and the gas
uptake pipes. The blast furnaoe stack rests on a steel mantle suspended
by oonsoles attached to the four mentioned columns.

As in the American design hearth and bosh of the furnace are
independent from this structure and their lining can be removed without
disturbing the inwall brickwork.

Advantages are that the four steel structure columns are located at
a good distanoe from the hearth and tuyere areas and permit easy acoess
for operation and maintenance.

Disadvantage is the heavy and expensive steel structure around the
furnace .

(iii) Variation to the American design, as exampled by 200 t/day Cimetal
furnaces, has no supporting columns for the mantle. The furnace shell
supports the tcp gear, the inclined hoisting bridge, the uptake gas pipes,
the platforms and their stairs.

The circular refractory lined pipe for the hot blast, called the
"pustle pipe" is supported by several independent steel consoles fixed
to steel columns encircling the hearth jacket plate. Advantage over the

American classic design is the absence of columns.
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(iv) Variation to the Buropean design, as exaapled by Belgo-Mineirs
Monlevede furnaces of 400 t/day, maintains the use of indepenient steel
structure. The blast furnaoe shell is in one pieoce and the whole furnace
is sel f-supporting and no mantle is needed to support the stack. Advantage
over the classic European design ie more simplicity.

(f) Blast furnsoe shell:

The shell of charcoal blast furnaces is an all welded self-supporting
struoture made of butt welded plates to present contimtous, smooth, outside
and ingide surfaces.

Thickness of plates of stack shell:
Small furnaoces: 12 mm

Medium furnaces: 12 mm to 16 mm
Large furnaces: 19 mm (Monlewvade).

The shell encircling -the hearth, called hearth jacketplate, must
withstand the busting forces from inside the furnace and must therefore
be made of thicker plate, partiocularly in the oolumniess or totally self-
supporting furnaces.

Examples of plate thickness in hearth jacket:
Purnaoces with supporting ocolusns: 19 mm
large self-supporting furnacss, Belgo Ninsira,

Nonlevade (design 4¢)32 mm

Thickness of tuyere jacket in large furnaces:Monlewads 38 mm.

The hearth jackst may be welded to the stack shell or may be
indspendent from it, following one or the other of the designs l, 2, 3 or
4 of the steel struoture.

(g) Bast furnaoe lining:
The Bregilian charooal blast furnaces use exclusively high duty

firebricks which are mamufactured in the oountry, Carbon brioks are
not used as they are not yet manufactured in Bresil.




Table XXVIII
Specifications of firebricks

Characteristics For hearth and bosh. For stack in wall

Super dutly. High 112()3 Low 11203

A0, > 40% > 35%
3102 53% 52%
Pe,0, < 1.6% < 2.0%

Alkalis < 1% < 1%
Refraotorness under load 1550°¢ 1420°C
Cold orushing strength 700 kgs /om’ 500 kg/om’
Apparent density 2.3 s/OI3 2.24 g/oa3
Apparent porosity 12.5% 15%

Permanent dimensional ochange
after re-burning at 1600°C 0.3% = 0.4%

For hearth and bosh the bricks must resist high temperature and
the aotion of fluxes; in the stack in wall the bricks sust resist
abrasion at ocomparatively low temperstures. They must also resgist
impaot and abrasion of the charges as they are dropped into the furnace.
In this area some Brazilian furnaces have used special cast iron rings
with high surface hardness to protect the refractory lining.

For simplification and standardization some plants prefer to use
super duty high alumina bricks for the whole furnace lining. The prioe
«.fference between the two qualities is small.

Firebricks are inspected carefully before being put in place in
the furnaoce and all inequalities of the bricks are eliminated Yy machine
grinding them. Some plants prefer to grind all the bricks independently
of the individual variations. The bricks are laid in a thin slurry of
refractory mortar which compensates for irregularities. A minimum of
slurry must be used and all exoess slurry smust e squeesed out.




Thickness of slurry joint 1l mm

Composition of refractory slurry 11203 70%
810, 24%
Fe 0, < 2.5%
Alkalis <%

Between blast furnaoe shell and the refractory lining a fireclay
refractory ooncrete is sometimes cast but it is preferrsble to use thin
refractory bricks or broken pieoes of bricks. This avoids the presenoce
of large amcunts of moisture. An excellent practice oonsists in
preassemdbling at a separste place the dricks for the complete bottom and
hearth lining. This operation permiis the bricks to be selected and to
do the necessary grinding with much care and without hurry. All the
btricks are marked before disassembling them. This practioe has proved
very useful resulting in a savings of ereotion time, an exoellent quality
of the executed work and oonsequently a longer lining life. The training,
preparation and organigation of the blast furnace lining labour foroe is
very important for the good and fast execution of the refractory work.

By careful preparstion of the relining it was possidble to red:use
bricking time of a large Brazilian blast furnace from 40 days to 10 days.




Linig life:

Figure 16 below shows the refractory lining of a 400 t/day

blast furnace at Belgo Mineirs, Monlevads,as built and after four Years
of operation.

Pigure 16

Blast Furnace

After 4 years opersation

Protective armor
made of snaciz
casi iroa rings.

(mechanite)




- 167 =

Charcoal ash has a very high alkali content - 10 to 15% (soda
and potash). It is & well known fact that alkalis, even in mmall
quantities, flux the furnace lining and therefore have s pronounced
barmful effect on the refractory properties. It is for this reason
that the manufacturers' specifications as to maximum alkalis oontent in
high duty firebricks are wvery striot.

In the middle and lower parts of the stack the reaction between the
8102 of the firebrioks and the alkalis of the charcoal leads to an
sutectoid composition with a low melting point. As a result of the
softening of the lining, the blast furnace burden tends to adhers to the
encircling wall impeding the smooth descent of the stock and dameging
the lining.

The alkalis aleo partly wolatilise, escaping with the gunses and
ocondensing to form troublesome scaffolds on the furmace lining. These
two effects, combined, are responsible for the short refractory life of
charcoal blast furnace linings in the middle stack area.

The 1ife of the blast furnace lining, called campaign life, depends
in & large measure upon:

(1) Te oooling oconditions of the furmace.
Experience has shown that intensively ocooclad charcoal blast
furnaces have a longer 1ife of lining than furnaces with
& less intensive cooling systeam.

(11) ™he regularity of the furnsce operstion,
A"chilled™ hearth must be avoided which means that due
to operational trouble, the furnace besoomes steadily colder.

(111) The quality of the bricks and the care with which the lining
has been executed.

Campaign life of blast furmaoe produoing hot metal for steel making
varies between three to six years depending on sise, oocoling system and
oonditions of operation.

The ocost of lining is an important item in direot iron making costs
a3 shown under the following table:
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Table XXIX Cost of Blast Furnace Lininga

Daily ocapacity cf blast furnaoe 1503'1‘6. 400 Tons
Type of iron produced Low =~ 8i low - 81
Hearth dismeter 2,80 m 4.60 m
Working height 12 m, l4»
Total wsight of lining 250 tons 470 tons
Cost of lining (1977) Us $ 50,000 US $90,000
Cost per kg. Us § 0.20 us $ 0. 20
Life of lining 3 years 3.5 years
Production of pig iron during lining

lifs 150,000 %. 450,000 %.
Consumption of refractory/t pig iron 1.6 kg 1 kg.
Cost of refractory/t pig iron Us $ 0.32 Us $ 0.20.
Cooling water:

Charcoal blast furnaces require less cooling water than ocke blast
furnaces becauss they are smaller and operats at lower temperatures.

In most cases furnace cooling is done by spray cooling of ths shell

in the lower stack, bosh areas and around the hearth. A trough
is fixed to ths blast furnace shsll enoircling the bosh and constantly

supplied with streams of water. Ths trough ensures & olose contaot between
the cooling water and ths outsids shell cf the bosh and provides a visibls
means of determining that water is circulating through the oooling system.
Usually no imwall ocooling boxes are used, but there are existing at least
two excsptions. These two large furnaces had originally been designed for
ooks and/or charcoal. The practical results of the imwmll cooling boxes
on these two furnaoces are reported to be satisfaotorily and their
refractory linings last longer than on furnaces without oooling dboxes.

When comparing speoific watsr oconsumptions of charcoal blast furnaoces,
s differsnce must be cbserved between the following several types of
furnacss.

(1) Those using metallic recuperstors with & dry gas clening
gystes Nstallic recuperstors bave no water coolsd valves and ‘he dry gas
cleaning does not require water.
Specific water consumptiont 5 to 10 cubic m/t of pig iron (with recirculation)
Rourly wvater consumpticn for a 200 t/day bvlast furnace?
R = 5 %0 10 = 40 to 80 w Ar.
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(14) Medium eised, 150 to 200 t/day blast furmaces, using two stovee,
wet gas cleaning, spray oooling and operating at a moderate intensity
of productiont

Specific water consumption 15 ¢o0 25 -3/t of pig iron
Hourly water consumption for a 200 t/day furnace:

%‘1’9-3(15-25) = 125 to 200 m /hr.

(1i1) Blast furnacee using thres etoves, wet gas cleaning with
dieintegrators and operating at high intensity of production. Sprey
and inwall oooling boxes or only epray oooling.

Specific water consumption 50 to 60 -3/t of pig irom.
Hourly water oconsumption of a 400 t/day furmace:

5%2- (50 to 60) = 800 to 1000 m°/hour.
(USA coks blast furnacee require 100 -3/t of pig irom).

It is apparent from these figuree that the larger and more slaborate
the furnsces are, the greater the necessary water quantitiee. Reciroulation
prectioe, ocombined With cooling of the water, must therefors be oconsidered
for mediur %> large modern blast furnace plants to reduoce ths grest water
oconsumption and oonsequently ths oost of oooling.

Weter recirculation, ocombined with cooling, can reduce the indicated
figures by 80%, the neceesary fresh water make-up being 20% of ths figures.
This prectioe is especially important in ocases of water soarcity
and when the wvater requires some kind of treatment, for exampls filtering
in order to remove suspended matter, or hardnees reduction (softening) %o
remove & oertain portion of calcium and magneeium ocardonmate.

Good water quality, chemiocal anl physiocal, hae & direot influence on
ths 1ifs span of all intermally water ocooled blast furnace appliances suock
as: tuyeres and their holdsrs, immll ocoling boxes, elag notches, etove
valvee. These 000ling members are very expeneive,

Water pressure: 2 to 2.5 atmospheres = 20 to 25 meters water columm.

Sources of supply: wells, brooks and rivers.

Water from deep ground wells is generally free from suspended matter.
In osloarecus regions it is always hard and must be softened through a
chemiocal treatment. Thie is the omse for the region of Sete Lagoss, Itaums,
Divinopolis, North Wept from Belo Borisonte, where many small and medium
eised blast furnace plants are situated.
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Nater from brooks and rivers is alwmys roiled during the reiwy
season by suspended matter which must be removed by settling followed

b’ ﬁltorinc.

Large stesl or concrete water reservoirs sust be provided.
Wherever possibls they should be loocated at & suffioient height
that, in oase of an acoidental failure of the electrical pumps, ths
blast furnacs oooling system can be supplied by gravity during a oertain
time, for instanoe one hour, allowing the blast furnace operator to take
the necessary measures for the protection of the intermally blast furamace
cooling plates. Disssl or gasolins powered stand-ty pumps may also be
used for the sams purpose.

(1) Hot blast
The blast is prehested by metallio recuperstore or hot blast stoves.

(1)  Metallic recuperstors.

Two types of metallic recuperstors are commonly used: G(lendons
and Liessens. .

Glendons:

Thess recuperstors oconsist of a serpentine, normally mads in ocast
iron seotions, called "bottles™, surrounded ty a refrectory chamber in
which blast furnmacs gas is burned, thus heating the air which moves through
the serpentine. The temperature in the combustion ohamber must not
exceed 900°C which is the maximum tempersture to which the oast irom
serpentines msy be exposed wi’hout suffering damage. The resulting
maximum blast tempersturs is 600°c.

The equipment works contimuously avoiding the periodio reversals and
the expensivs watsr coolsd hot air valves necessary in stoves.

The gas ussd in ths Glendon recuperstore is sutmitted to a primary
dry cleaning through the effeot of expansion in a simple iust catcher.
The cast iron pipes become very dirty as s result of gas dust deposit
and must be oleansd at six-monthly intervals. This takes four to six days.
The 1088 of blast pressure is greater than in stoves and requires more
work from the blowers. The loss of pressure of well dimensionsd (Glemdon

beaters is only 10 %,
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The thermal effioiency of the metallic heaters is low, 0%,
against 80% for the stoves.

The principal advantage of these blast furnace hesters oconsists
in the low investment cost and for that reason they are gemerally used
in small and middle sised charcoal blast furmaos plants producing pig
iron.

Example: 150 t/day blast furnace.
Cost of 4 Glendon recupsrators with 96 "bottles" each US $250,000
Cost of 2 stoves Us $750,000
Cost of 3 stoves Us 81,000,000
The highsr cost for the more slaborate gas oleaning systeam must

also be congidersd.

Liespens
These are metallic recuperstors of a mors advanced design. One

company, Ferro Brasileiro, used these blast heaters during many years
but has changed them for stoves, in order to increase the bdlast
temperaturse.

(i1) Hot blast gtoves (usually called Cowpers)

Normally three stoves are used for sach blast furnace. Another
arrengement oonsists in having five stoves for two blast furnaces. The
noreal operational oycle is for two stoves to be heated up and one steve
to be on blast. Stoves preheat the blast at higher temperatures than the
befors mentioned metallic recuperstors, the result of the higher
tempersture being:

8¢ A reduction of charcoal rate.

Acoording to Stahl und Bisen 83 (1963), the fuel savings will be
between 5% and 3% for every incresse of 100°C of Blast Semperature betwess
500°C und 1,000°C. The higher the blast tespereture, the less promousced
4he fuel savings.
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b. Increass of blast furmace output.
According to same source: A 7 to 5% increase of output for
every 100°C increase in blast temperature between 500°C and 1,000%,
hcmmtmmmlcl-mdmmofmutmt.

0. Possibility of injecting additional solid, liquid or gaseous
fusls into the furnace which will reduce still more the charococal rate.
Porihoundmw.mnuslludintohmhulmw
iron and steel plants hawe adopted stoves for the prebeating of the blast.
These stoves are all of the side ocombustion chamber type.

Dae to the high investment oosts of stoves, and also because some years
ago it was a general opinion that charcosl blast furnaocss should not
operate at high blast temperatures, most plants started blast furmace
opsration with two stoves and later added s thimd one, The present trend
is toward high blast temperstures. A deiailed description of the
ocomstruction and operstion of these furnmace auriliaries in the presemt
Paper is unnecessary as charcoal and coks blast furnaces stoves have the
same characteristios. The specialised technical 1litersture oontaing all
Recessary information on this subject.

Usual blast temperetures in Brasilian charoceal furnace stoves are:

Two stoves 550°c - 6%50°C.
T™hree stoves 700°C to 900°C, exoeptionally 950°C.
Naximum dome tempersture 1,100%

It is essential that the blast furnace s used in stove heating
be cleaned after the dust ocatocher in two stages, usually by wet washing,
%0 reduce %o a minimus the oontent of flue dust. It is well known that
charocal blast furnaoe flue dust severely attacks the fireolay brioks of ths
checkerwork, destroying thea, almost oertainly by the fluring effect of the
alkalis in the charoeal ash.

Required degree of cleanness of stove heating gas: Max 0.10 gm dust/nm
Stoves require large amounts of high and super duty refrectories.

Rxampls: 150 t/day blast frrnace with two stoves.

Heating surface of each stove: 4,700 sq. =.

Beight of refractory work: 14 »

Total weight of refrectory bricks of two stoves: 840 toms

Cost of bricks, inclusive ereotion of masonry: US $350,000,

T™he briok lining of s stove usually lasts 15 years.



(§) Gas clesning plante

Small and medium sised pig iron producing plants with (lemdon
blast heaters, use primary stage dry cleaning of the gas in dust
catchers and/cr one or two centrifugal cleaners, cyclones, installed
in series. All these plants have a gas exoess which they burn in
torches.

The iron and steel plants with stoves use primary, dry and wet,
and secondary wet stage gas cleaning. The following table shows the
result of s typical gas cleaning installation (Belgo Mineira).

Table XXX Dust conoentrations in blast furnace gas cleaning installgtiomp

Stage of cleaning Dust conoentration 3 \
___m?u -
Primary stage dry dust ocatcher 26.0 6.0
Primary wet washer : stationary
spray tower 6.0 0.5
Seocondary wet washer: Theisen .
disintegrator ¢ 0.5 0.3
Noisture eliminator 0.3 0.02%
ocned te e s us or s city o

operation and maintainance.
The integrated steel plants and blast furnace plants having own

foundries generally make passably good use of their blast furnaoe gas,
but some plants loee a great quantity.

Iron and stesl plants should make a maximum use of their blast
furnace gas. Stoves or metallic recuperators use about 25 % of the
gas produced.

Other uses are: -

Drying of hot metal runners and sand casting beds.
Drying and preheating of hot metal ladles, both for hot metal and
for liquid steel.

Heating of hot metal mixers.
Rolling mill scaking pits and reheating furnaces.
Drying and preheating of open hearth furnaces after repairs.



Poundries: IDrying of molds, heating of drying furmaces for cores.
Beat treatment furmaces: Por wire, sheet, strip.
Restricted uses: DNoilers.

FPormerly, the gas was also used in intermal combustion engines
ocoupled 10 gemeretors of electrio power and for direct operation of air
Wowers for the furnaces. Blast furnace gas we also formerly used for
heating open hearth steel furnaces.

Two plants, Nannmeemann and Acesita, have blast furmace gas oollectioa
and storage vessels (gasometers) of approximately 30,000 cubic m. volume
whick have proved very useful for storing large amounts of gas and
oqualising its pressure at approximately 300 mm water ocolusm pressure.

This preciice is very recommendable though 1ittle used.

(k) Air blowers:
mumormmummaau.uywunMo
Powered furbdo blowers. The blast pressure required depesds om the
furnace working height and the permeadility of the burdea. Generelly
mwm.tmmunlo-mmuﬁm
blast furnaces.

Usual air blast pressures at exit of blowers ares

Small %0 medium blast furnaces (50 - 100 t/day): 3 to 5 meters w.g.
Nedium blast furnaces (100 to 200 t/day): S%7 " "
large blast furnaces (400 to 800 t/day): 6%9 ™ "
Air rates are also lower than for ocoke blast furmsces. Air reate for
charcoal blown hot metalt 1,400 %o 1,600 ma’/t of pig irem.

Coke blast furnaces require 1,50 to 1,800 m3/t of pig irom.

It is necessary to add 10% 40 each figure to cover losses.

Iahle XXXI Blowery installed on charcoal blagt furnsces
ity of of Volume Pregsure Notor Bemerksy
a.v.g. Iy

aW e
—

80 t/day Radial 6000 sxl.1 5245 5 Sexries Mlowers
200 t/day Madial 14,000 5x1.4 52112 5 = "

250 t/day 21,000 5 320

400 t/day

30,000




- 175 -

(1) Pig casting machines

Sand casting of the iron in most plants gradually bas been replaced
by machine casting. When machine casting, the molten iron is usually first
poured into a ladle which may be heated and from this tilted into the
pig machine.

Two types of pig machines are used in Brasil:

(i) The standard endless chain type mschine. Its description here is
unneocessary as all the interesting details will be found in the technical
literature.

(1i) The circular casting machine. Tis machine is a simple and very
effioient device. The casting wheel, already used in the beginning of the
oentury, oonsists of a oirocular structure made of two oonoentric rings
forming a horisontal plane and joined by radial members to a centre of
rotation. These rings carry the molds supported by wheels ooupled on fixed
and independent axles. A simple transmission makes the machine rotate as
the molds fill with the liquid iron. An cperator tilts the molds which
rotate about their longitudinal axis. This tilting action is effected Yy
means of an appropriate cam which causes the disengagement of the pigs
which fall into & pit and are removed from there by & truck. The empty
molds are sprayed with a lime or graphite wash to prevent sticking of the
iron to the molds.

The travelling and casting speed of the machine is synochronised with
the metal flow from the ladle by the machine operator so that a full sised
pig is formed in each mold.

(m) Contimious blast furnaoce taggi_n‘

A Bragzilian company, Sidsrurgica Itatiaia, oity of Itauns, Minas
Gerais, has developed and patented a contimuous blast furnace tapping
method which has been adopted by 30 small and medium sise charcoal blast
furnaces and is reported to work satisfactorily.

A fixed refractory lined rectangular vessel is added to the outside
of the blast furnace hearth. MNclten iron flows contimously from the hearth
of the blast furnaoce through a chamnsl -connected with the hearth of
the rsctangular vessel and from this tc the pig machine or iron heated ladle
or mixer. The latter can be mounted on a special truck for transport of
liquid iron to the nearby steel plant. One plant receives by this method
12 tons of liquid iron every three hours.
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It is reported that this oontirmmous tapping method offers nany
operational advantages for small and medium sised furnaces. .

wmma’

FMigure 17. Continous Blast Furnaoce Ta .

(1) Iap hole olay gun
Closing the hot metal hole is done on all charcoal blast furnaces
by means of a pneumatic clay gun of the swinging type mounted on a
pedestal in the cast house or on one of the furnaoce columns.

(41) Disposal of iron

Open refractory lined ladles are mostly used; capaocities range
from 10 to 60 tons depending on blast furnace sise.

The larger iron and steel oompanies use ladles mounted on a rail
carriage which transports the hot metal to the steel plant.

The pig iron producing plants have rarely a railway transportation
system and use fixed ladles which are moved to the pig .maohine by overhead
hoists whioh do also the tipping of the ladles over the casting maohines.
These pouring ladles are sometimes heated, whioh is an advantage. A few
Plants have started truck transportation of the hot metal to steel plants.
One steel plant uses cigar-shaped (torpedo) hot metal transfer cars to
its own steel shop. This ladle also functions as a metal mixer and the
regular fixed mixer is eliminated.
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(n) Channel type induotion heated furnaces for iron

Some charcoal blast furnace plants with iron foundries use channel
type induction heated furnaces (Ajax) which receive the molten iron
from the blast furnaces. These furnaces increase and maintain the hot
metal temperature at the desired level for casting and also make the
necessary adjustments of chemical ocomposition by additives.

This is particularly important for silioon content because if the
blast furnace does not have to produoe high silioon iron it can operate
at a lower ooke rate.

Power oonsumption of the electric heating: 200 to 250 kWn/t.
The results of these furnaoces are exoellent.
Some American steel experts are presently developing & new application
of this method for hot metal use in basic oxygen steelmaking through an
increase of the hot metal temperature by up to 260°%C which would allow
to melt higher proportions of scrap, oold metal or sponge iron, Ko
results are yet reported. This method might prove especially useful for
ocharcoal blown hot metal beoause of its lower temperature.

Similar res:lts are obtained by preheating scrap (Mannesmann) ,

(o) Slag disposal

Blast furnace slag usually flows into cinder ladles which are unlined
oast iron pots mounted on railway oars which take the cinder pots to the

slag dumping pits.

Where no railway transportation system is awailable, the flow of
molten slag may be direoted into a specially prepared dump from whioh it
is removed after cooling. The molten slag may also be directed into fixed
cinder pots which are later removed Yy truocks. Sometimes, the molten
slag is granulated by striking it with a jet of water as it falls from
the lip of the runner into a water basin. The gramulated slag must be
removed from the basin by a grab bucket. The gramulated slag is a good
ingredient of the self-fluxing sinter mix as it lends the sinter an
excellent porosity and takes the place of an equal amount of necessary
additon of sand and limestone, Addition is limited to about 2% of the
wet sinter mix, -




Charccal blast furnace slag may bde transformed into an exoellent
lightweight insulating material by blowing high pressure air into
ths stream of molten slag at its exit from the slag notoh. However,
this operation is very disagreeable for the operators due to the flakss
of insulating light material which blow around like snow.

Other possible applications of oharcoal blast furnace acid slag
are: As a substitute for stone in the building of highways, roads,
railways, in oement making, used in-gramulated form, up to 10 % of the
clinker, amd in the manufacture of special bricks.

Breslian charcoal blast furnace plants do not usually make slag
disposal a profitable operation because the quantities of slag are small
and for that reason, interest in slag disposal is limited. However, most
plants recover metallic iron from the slag aftsr dumping.

Ingtrumentation and control

The blast furnace operator is aidsd and guided in establishing and
maintaining the best possible balance betweern ths many variable factors
affecting furnace operation by some automatic devioes whioh indicate or
reoord conditions st various points in the firnace system. The principal
rscording and indicating instruments are located on a panel in a control

room.

In blast furnaoe plants with metallic recuperators the usual
instruments are:

(i) Blast volume, pressure and temperature indicators and reoorders.
Measured in bustle pipe.

(i1) Metallic recuperator combustion tempersture indicator and recorder -
measured inside oombustion chamber. Range O - 1,000°£'

(iii) Blast furnaoce top temperature (0 - 800°C) and pressure indicators
and reoorders.

(iv) Manually operated visual stockline indicator.
(v) Stock line recorder.

(vi) Blast furnace top gas analyser and recorder.




In blast furnace plants with secondary gas cleaning and stoves
for blast heating the usual instruments are:

(1) Hast volume, pressure and temperature indicators and recorders -
seagured in bustle pipe.

(11) Oas pressure indicator and recorder after secondary cleaning.

(:l:li) Combustion and air tempersture recorder and indicator in esch
stove - geparately in doms and stack.

(iv) Blast furnace gas volume recorder and indicator for each stove.
(v) Stock line renorder and indiocator.

(vi) Flast furnaces gas analyser and recorder.

(vii) Analyser of combustion gases at stove and exit to stack.

(viii) Oxygen oontent amslyser of combustion gases at stove exit to
stack .,

(1x) Cooling water pressure indicator.

In blast furnmace plants with oil injection and oxygen enrichment of
blast additional instruments are:

(i) 01l pressure, tempersture and volume indicators.

(ii) Oxygen ocontent anslyser of emriched blast.

(4i41) Automatic oxygen volume controller and recorder.




9. SPECIAL QUALITY FEATURES OF IRON AND STEEL PRODUCTS MADE FROX

CHARCOAL BLOWN IRON

The good qualities of charcoal blown pig iron, particularly Bragilian
charcoal pig iron are due to the following factors:

(a) The absenoe of sulphur in the charcoal.

(b), The low temperature in the blast furnace and of the molten
4

iron.

Bragilian charcoal pig iron has the further advantage that it is

made from hematite, low phosphorus, iron ores of high purity which

are practically free from harmful ingredients.

The Bragzilian standards

for coke and charcoal blown pig irons are given in the following table:

Table XXXII Brazilian Standards for Coke and Charcoal blown pig iron.

Brazilian Standard

Phos

horus

Sulphur

Class 1

Class 11

Class 1

Class 11

Coke blown pig iron

0.15 max

0.16
to
0.30

0.025 max

0.026
to

0.050

Charcoal blown pig iron

0 0070
to
0.100

0.011
to
0.020

In most Brazilian plants no bought scrap is used, which is frequently

contaminated with tramp elemenis, "home" scrap is used,

Charcoal blown pig iron has a fine graphite grain structure which does

not deteriorate after remelting, in contrast to coke blown pig iron, The

mechanical qualities of charcoal pig iron are also superior to those of

coke pig iron. Due to the lower blast furnace termperature, the contents

of oxygen, hydrogen, nitrogen, as well as iramp elements are much lower

than in coke pig iron,

All these qualities make charcoal pig iron an excellent natural raw

material for foundry iron, principally for nodular cast iron. One

recent

example of this excellent quality are the Cerman and Swedish nodular iron

rolls made from charcoal iron.




The superior quality of oharcoal foundry iron over ooke blown
iron has been specifically proven in the following applioations:

(a) Ingot moulds.
The oconsumption per ton of crude steel is at least 2 kg less than
for moulds made from coke blown iron,

(b) Intermal combustion engines.

The Bragilian automobile memufacturers, who use exclusively charooal
blown iron in their foundries, have all attested the superior quality of
the charcoal iron.

The inherent qualities of the charcoal pig iron also make it an
exoellent raw material for steel manufacturing, partioularly for the
carbon and special quality grades. The high purity of charcoal blown
steel gives it good hot and especially oold, plastioity. The elongation
value of oharcoul blown steel is at least 2 £ better than that of ooke
blown steel having the same yield strength. This quality has proven
very useful in the manufacture and the performance of two products:

= Ris sections for automobile and truck wheels requiring a high
fatigue resistance. '

Chassis sections for automobile and trucks requiring the same
charaoteristios.

The outstanding qualities of charocal blown steel have proven
especially useful in the manufacture of steel wires, principally the
very fine high ocarbon ones permitting high drawing speeds at reduotions,
from the rod diameter, of up to 94% without breakage of the wires.

It is a well known factor that the ma: 1faoture of wires with the high
Plastic deformation of the original seotion is frequently aocompanied
by quality problems and it is in this respeot that charooal blown steel
has proven very useful ,

Bragilian and foreign manufacturers of steel ropes, special springs,
bead and cord wires for tires, who use wire rod made from charcoal blown
stesl as rav material, bave all expressed their favourable opinion as to
the superior quality of the raw steel and the finished produots.




Although good steels can and are gemerally mads frea ocoke blowm
mmmotmutum-mmmm
process easier and ~heaper, awiding some of the usually expensive
aad diffiocult treat. .ats which are required in coke based stesl prectice.
It would oertainly bde useful and profitable for the Brasilian oharocal
based iron and steel industry %0 establish with more preoision, shrough
sstallurgical research and development work, the influence of the
charsoteristios of charcoal blown iron on the oustanding quality of many
foundry and steel products derived from that material.




SECTION 4.

mcz Il OTHER m, AMTI" mloou. TECHNOLOGIES AID

g 2 (libliomhy references 3, 20, 21, 28, 29, 30, 31)
Sweden wat the dominant iron producer in Burcpe from the latter

part of the XVII Century to ths end of the XVIII Century. The only

type of fuel whioh could be used in ironmaking was charcoal which

was produced in large quantities from wood out of vast forests.

Until the end of the last War pig iron production in charcoal blast

furnaces was the most important method of iron ors reduct ion. 1In 1917

the Swedish charcoal pig iron production reached its peak which was

nearly re-attained in 1944. The last charcoal blast furnace was closed

down in 1966.

Takle XXXIII Sxadisl Charaoal mF Aren nroduciien,
Blast furnaces Electric furnaces Total ]
i

Year Mumber Yearly output umber Yearly output| product
cperation tons operation tons tons

1750 |[about 400 61, 000 - 61,000
1843 208 119,000 - 119,000
1900 133 504,000 - 504,000
1910 103 541, 000 ' 542,000
1917 109 661,000 ’ 719,000
1920 82 379,000 ’ 440,000
1930 47 274,000 000 308,000
1940 37 354,000 ’ 402,000
1944 650, 000 ’ 690,000
1950 24 173,000 ’ 211, 000
1960 3 23,000 ' 56,000
1966 1 10, 000 - - 10, 000
1967 - - ' - - -

Swsdish oharcoal is an exoellent reducing agent as it contains only small
amounts of sulphur, phosphorus and ash. Its reactivity is much higher
than that of metallurgical ocoke.




The charcoal pig iron which generally contained less than 0.015€ 8

and 0,025 Py was an ideal raw material for the making- of high quality

" steels,

The charcoal blast furnaces wers small production units. In 1947

the average hearth diameter was 2.3 m, total height 16,7 m with a working
volume of 81 cubio m. The sverage production was 40 t/day per furnsce.
The largest oharccal blast furnace ever to 0 be built in Sweden was

the furnace Nr. 1 at SKP, Hofors, olosed down in 1953, whereupon

the works changed over to use refined ooke Pig iron and sponge iron

for the production of acid open hearth steel.

TeMle XXXIV  Operstional date op ¥o.! blagh furasce st Hofors

Total blast furnace volume, ) 112
Pig irom-% of turden (100 % sinter) 63.9

Blast temperuture (directly heated metallic
recuperator) 620° ¢

Consumption of dried charcoal m’/t 4.4
Daily output, tons 115
Total production 1947, tons 32,245

et

Ureat progress was made between 1910 and 1940 in reducing the oharcoal
oonsuaption as may be seen in the following table.

Table XXXV

Year Charcoal produ
T Sk 1T fra

Forest piles | Furnaces

91.8 8.2
95,3 4.7
90.0 10.0
84.8 15.2
80.2 19.8
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Pigure 18. Jo.1 Blast furnace SKF Hofors.
The largest furnace ever built in Sweden; shut down 1953.
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Por oomparison of charcoal consumption with Brasilian
practice it should be remesbered that Swedish oharcosl has a lower
tulk density.

The first sintering plant, using the Greenawalt system, was built

in 1915. Sweden became a pioneer in the use of einter in the blast
furnace turden. Since 1930 all lump ore was replaced Yty sinter at
Hofors with the result that the oharcosl oonsumption fell considerably.
In sddition to the eaving of fuel, the use of sinter aleo had the
important advantage of leading to increased production. For many
years it was ocamon practice to use burdens consisting mainly of
sinter. Conoentration of iron ores introduced riocher burdens and
1ed to oonsiderably reduced slag volumes, about 250 kg per ton of pig
iron and even less in oertain cases.

Among other methods adopted to reduce oharcoal oonsumption was the
sddition of the necessary limestone or, even better, lime, to the
mixture for sintering and the use of increased blast temperature.

The charcoal oonsumption per ton of pig iron, a figure of decisive
importance to the economy of the process, amounted to 850 kg on an
average in 1913. In 1947 the figure had been reduced to 630 kg.

Coke bdlast furnaces

Coke was first used as a reducing agent in Swedish blast furnaces at
the end of the XIX'® oentury, at first mixed with oharcoal and later
alone. For a considersble time the quantity of ooke pig iron produced
was only moderate, but after the eccnomio depression in the 1930's

the production began to increase oonsideradly. The years following
the last War show a very marked rise from about 220, 000 tons in 1946
to 750,000 tans in 1953.

The main reason for this WaS the incrsase of the price of wood
due to the high demand of timber for woodpulp.
Also, as oharooal-making requires guch manual labour and as labour
costs have increased very much, the charcoal prioe has consequently
also risen and became so expensive that the charcoal blast furnace
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lost ground in oompetition with the ooke blast furnace.

Most of the Swedish ooke pig irom is oonsumed in the product ion

of commercial steels. At some works, where the ooke pig iron is
used as rav material also for quality eteels, the pig irom ie
desulphurised outside the blast furnace with finely ground powder of
burnt lime.

(14) Beotric pig iron furnaces

The first method of producing pig irem electrioally was
developed in Sweden. In 1910 "Jernkomtoret" built a pilot-plant
furnace of the "Elektrometal™ type and during the next ten years
several furnaces of thie type wers erected at different works.

Ths upper part of the furnace is similar to that of a blast furnace
and the lower part oomsiste of a wide melting ohamber with four to
eight electrodes on the circumference of the roof. Charcoal is
used as principal reducing agent but, as the heat necessary for the
Procees is supplied Yy electric emergy, the oharcoal consumption is
such lower than of the oharcoal blast furnace.

This type of furnace, which msy be called the electric high
shaft furnace, oamnot work with coke alome as a reducing agent at
least 60{ charcoal must be used. Therefors, only a few unite are
Dov in use and no nev ones have been installed. The units are small
and produce, depending on furnace eise, 50 to 70 tons of pig iron
per day. The enesgy oonsumption is 2,000 kWh/tom.

The electrio low shaft furnace of the Tysland Hols type, whioh was
developed in Norway, is used in ecme works in Sweden. This furnace
oan use either oharcoal or a mirture of ooke and coke bresee as a
reducing agent.

The largest units built in Sweden have a power input of 10,000 Xw,
Produce 100 tons a day and 30,000 t a Year, of pig iron. Coke
oonsumption (for a 59 Me ore) ie 380 kg per t of pig irom.

Brasil has larger electrio furnaces. One unit of 33,000 XVA and 200 t/dgy
capacity is presently bdeing projected.

The reason why the electrio processes have not become more important
is their high power consumption - 2,000 to 2,500 kMh/ton of pig irem,
which means that they require acoses to very oheap power.




(i11)

This situation has of oourse ohanged since 1973 and oountries like
Brasil show a new intersst toward electric reduction furnaces.

The following table ehows Swedish fuel and power oonsumption figures,
until 1954, for different methods of iron making.

Table XXXV Swedish fyel and power consusption for iron—making

Process Charcoal COKE COKE POWER
kg/ton iron | (Blast furnace)] (Breese) kwh/t
kg/t iron kg/t iron

1 630 - - 80
e

t Furnace - 650 - 110
nggtr;o Fig Iron:
High Shaft Furnace: 310 - - 2000
Low Shaft Fummaces - 200 200 2300
C facture

Charcoal manufacturing was mostly integrated with a lumbering operation.
Waste wood, branches and sawmill slabs were used. The oc vation of
ocarbonisation of wood had reached in Sweden a high degree or perfectionm.

Carbonisation was by forest piles and oharcoal ocarbonization furnaces.
During the last war a total of 5,000 units of these two types were

in operstion, producing charcoal for iron and steel plants (30%) and
for automobile gas generators (70%), as all motor vehicles in Sweden
wers oonverted to use gas generated from oharcoal.

During the years 1939 to 1949, due to the fuel shortage, eeveral large
oharcoal production plants with recovery of by-products were tuilt

for Swedish Government owned enterprises. The largest amourt of the
oharcoal produced in these plante was used in automobdile gas generators.

a. Preparation and transportation of the wood for forest charcoal piles
The slender round logs of ooniferous trees and the thick branches of

big trees are out in pieces of 1,5 to )} meters length. The length of
"9 Wood pieces depends on the type of wood. To obtain a tight packing
of the wood inside the pile or the furnace, the very straight pieces
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of wood are out into three meters lengthe, the tortuous pieces into

1,5 meter lengths. One fifth to one quarter of the wood surface is
barked to hasten the drying process. The wood is then piled and
measured for the purpose of psying the labour which workes mostly on
oontract per volume of wood. The trees are cut during spring and
early summer and the woodpiles allowed to dry for approximately three
monthe, when their moisture content will have attained a minimum of
206. In Sweden, the relative humidity of air is lowest in early
summer, with 66, and highest in winter, with 90% humidity. Therefore
the trees are cut in spring and early summer, the wood dried during
summer and the carbonigation is done in fall and winter. Years ago
wood transportation was frequently done in winter time Yty sledges,
which were frequently drawn Yy horses. VWhere watercourses are available,
they supply simple and cheap transportation for floating of large quan-
tities of wood pieces to or close to the charcoal furnaces, where the
unloading fram the water is done by cranes. |

b, Forest piles or earth kilns

They represent the oldest and simplest method for manufucturing
oharcoal. They were located in the forests to reduce the transportation
costs of the wood as the charcoal made of coniferous wood and by the
Swedish method has a bulk density of only 130 to 150 kg/m3 and the

ratio weight of wood
weiﬁt oT charcoal” *PPToximately 7:1

Charcoal made from tropical ' ods and Brazilian charcoal practioe

on the other hand, has lower oarbon and higher volatile matter, with
tulk density around 250 kg/m> and a weight ratio of wood to charcoal
of between 4:1 and 5:1.

The forest pile was, until 1950, very popular in Sweden for blast
furnace charcoal mamufacturing and a high degree of perfection had
been obtained, both in its construction and its operatiom.

The most important improvement in the forest kiln was the bottom flue
and the outside stack.




In 1940, 80% of all Swedieh charcoal was produced in forest piles and
the remainder ty other methods by 1944 the forest piles produced only

404 of the total charcoal. This inversion of trend was caused by .
the War and its effects on the fuel economy of the country which
required the Yy - producte of wood distillation. »

The modern type Swedish circular forest pile, as described hy Bergstrom,
is shown in Pigure 19,
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It is built in the following manner:

The bottom of the base is covered with wood logs forming a grate

on which the wood is piled vertically. The grate forms & free

space beiween the bottom and the woodcharge through which passes

the air necessary for the carbonization process.

The pile has an outside stack, made of steel drums, which is connected
to the pile through a flue cut into the ground and running under the
pile and covered with round logs. The pile has a certain number of
air vents located around the circular base.

The carbonization process is started by introducing a torch into

“he flue. This type of pile is reported to be easy to operate, to
produce good charcoal quality with a yield of 55 oharooal to wood
volume. This is exoellent. The pile’s volume varies from 100 to 250 m3
of wood. The whole cycle takes 24 days; four days for charging, six aays
for carbonization, 10 days for cooling and four days for dischargs.
Due to the high carbonization temperature, approximately 550°C, and
the slow process, the charcoal produced in Swedish earth kilns has a
high proportion of fixed carbon, low volatile matter and consequently
& low bulk density, 130 to 160 kg/m3 for charcosl made from coniferous
trees. It has a very low tendency to self ignition, in contrast to
charcoal made in furnaces. However, the use of earth kilns should not
be considered any more for the following reasons:

The kiln must be completely rebuilt after each cycle. The production
cycle of 24 days is too long. The kiln operation, although basically
simple, requires considerable skill, experience and even a certain
degree of artistiry. Wherever rusticity of construction and operation,
flexibility and mobility are desired, the simple brick built, beekive
kilns give good results, good yields with much operational simplicity,
case and speed of operation.

C. Carbonization Furnaces with or without recovery of hy-products
During World War II the charcoal mamufacture in furmaces
Ancreased considerably for the reasons given befors.

In Sweden three types of carbonization furnaces or ovens exist:




i, -~ Retorts which use the rehsated recirculated gases, produoed during
the distillation proocess and whioh are totally or partially foroed
by fans through the wood being carbonised.

These installations are very sxpensive and their operation is only
sconomioal in large installations., Contimuous and non-oont’i.mous
carbonisation retorts of this type exist.

One process largsly used during ths last War with recovery of the
distillation by-products, was ths INKAPERSTORP carbomisation process.
Carbonisation takss place in vertioal retorts at temperstures of 500 -
600°C. Ths hot gas enters at ths top of ths retorts, lsaves at the bottom
at a reduced temperature and passes through a system of scrubbers and
condensers whsre tar is removed and other by products are recovered.

During ths War years, from 1939 - 1943, seversal INKA process charcoal
Planis were operated by Swedish Government snterprises. The largest one
was the plant at Pitea which produced 120,000 m> of charcoal per year
and vas (maybe still is) the largest carbonisation plant in Sweden
snd probably in Burope.

The necessity for these large plants was dictated by the scarcity of
oil and gasoline for motor vehicles which were converted to use gas
gonerated from charcoal. A oonsidersbls part of this charcoal was supplied
by ths above mentioned plants.

One small INKA plant was sreoted at a blast furmace. It had three
retorts in which crosscut wood, split and dried round wood was heated
to carbonising temperatures with oiroulating gas mixsd with ths flue
gss from an oven heated with blast furnace gas. This plant operated
only two years. The reasomns for this short period are not knowm.

The omtirmous carbonisation retorts are most smitabls for use with
waste wood of small dimsmsions and the charoocal produced is suitabls
for a varisty of purposes. The tespersture in the carbomising some
is higher than in the semi-oontimmous retorts amd consequently the
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charcoal is very low in volatile matter. The oomtimuous oarbonization
retorts are claimed to be cheaper in first oost, have lower opereting
costs and save labor.
ii, - Furnaces which use for the carbonisation process the heat
generated hy the partial combustion of the wood being
carbonized.
These furnaces are of simple design easy to operaie, and therefore
oheap; many of them were built in Sweden during the last war.
The most important installaticns consist of horirontal tunnels with
rails, which hold four to five wheel oarriages of 10 m> volume each,
vwhich pass sucoessively through a drying chamber, a carbomization chamber
and finally through a cooling chamber.
iii. =~ Furnaces using an ocutside source of heat for the wood

drying and carbonising process.

Some of these furnaces use the heat produced Yy the combustion of
wood or charcoal fines, in a separate combustion ohamber, for wood
drying and the carbonisation process, incressing thus the yield wood
to0 oharcoal. A very simple and efficient design is the SCHWARTZ furtace
which burns small wood in an outgide cvmbugtion chamber, A detailed
description of this furnace and its operstion is given in the section
about Argentina.

4. Kilne

These are direct heated, which means that they use for the

carbonisation process the heat generated Yy the partial oombustion
of the wood being carbonised. They are Muilt of brioks, with a lime
mortar, and mostly arc circular with a dome shaped ceiling.
They ars very large, have a diameter of six to nine meters and an
overall height varying from four to seven meters and a wall thioknees
of 0.3 m. Their capacity of wood ranges from 200 to 350 m3.
As they are very large, they allow mechanisation of the operations of
wood charging and ooal unloading.

They hive once been very popular in the USA, where soms furnaces
of this type were hxil:t as late as 1959. The mechanical charging of
the wood is done through a oentral opering in the dome or through a
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large side door which is also used for coal discharge. In general,

such kilns are built, in batteries of three to five, along the bause of a
hill or bank, so that they can be conveniently charged through the top.
Wood charged in carriages run along and at the height of the kiln

oeiling and can feed two rows of kilns. A complete cycle takes approx.

25 days: four days for charging, seven days for heating and oarbonisation,
12 days for cooling and four days for discharge. Iue to the lomg cycle,
production of these large kilns is very low. A battery of five kilrs
produces about 500 m3 cha.moal/month. Each kiln costs about US$10,000

and this fac'or, combined with their low productivity, makes them

uneconomic so they cammot be recommended.

(iv)Protection, transportation and measurement of charcoal

Swedish charcoal with 20§ or more moisture was not charged into
the blast furnaces because it was found to decrease irom output 20K
and increase charcosl comsumption by a similar anount. Wet charcoal
was dried on special metallic conveyors at temperatures of 100°C to
120°C. Special care was taken against risks of fire.

After careful drying charcoal recovers its original mechanical strength.
To protect charcoal from rain and snow, it was stored in wooden tuildings
covered with tar-paper.

It was important that the different kinds of coal were stored separately.
This on account of fire as far as the charcoal produced in furnaces was
ooncerned. In the coal houses the charcosl was screensdi and the

coal fines were taken to the sintering plant. Different kinds of
churcoal wers mixed in given proportions.

Wbhen truck transport was used, because of fire danger, the insurance
companies did not allow the trucks to emter the charcoal houses of the
steel companies and the charcoal was therefore unloaded outside the
depots, onto belt conveyors.

For railway transportation, special care was taken to avoid flying
embers from the wood fired locomotives whioh could ignite the charcoal.
The oars were covered with well tied tarpaulins. It has been reported
that even sparks from electric locomotives have ignited charcoal.



(v)

(vi)

For railway transport, the tariff was fixed on the charcoel volume

when leaving the railway station because, during transportation, a

reduction of volume of 2 to 5% takes place due to the settling of the

coal.

Official charcoal measurement after production, measured in a 2 m3

T T T T R F R R 1.00 n3

Volume measured in the charcoal shelter, situated in

£he TOTOBt +uvveneeeennnesonnssrnns e eeeereeerereenenensesss0.94 @

VYolume measured when leaving the shelter:.......... P B ¢ X n3
" n at railway car loading station: R « M 1 S 2’
" " at " n stesl plapt arrival station.....0.93 m3

(In Bragil the tariff is caloulated on a fixed specific weight of

300 kg/n3).

Trainin; of people for charcoal manufacture

nJernkontorst” used to hold yearly three technioal courses for the
future operators of kilns and furnaces. The courses give theoretiocal
and practical knowledges and had the duration of 12 months. The
following disciplines were taught:

Cutting of the trees and their treatment after having been felled,
neasurement, transport, prepsration of the kiln, oarbonisation,
discharging of kiln, storing and transport of charcoal, salaries,
accountancy of charcoal operationm, knowledgs of forestry. After
oompletion of the course, the studenis used to contimie their studies
at the Aoademy of Forestry and in the School of Forast Inspectors.
The "Jernkontoret" oourse was reserved for Swedish citisens and was
fres, with exception of living expenses.

£ .
Although Swedish tree species used for charcoal are quite differemt

from those of warm or tropical regioms, same of the factors which
have an influemce on the quality of charcosl are common to all regioms
of the Earth.

a. Bumidity. It should not exceed 207 for blast furnace charcoal
and 121 for ges producer charccal. The latter must be free
from tar.



be Bulk density of dry charcoal. It is a very important factor for
the correct estimation of charcoal quality. The bulk density
of dry charcoal depends on:
i, The density of the wood.
General speaking, dense wood will yield dense charcoal and light
wood light charcoal. The density of wood depends, beside the tree
species, cn the oonditions under which the trees have grown.
The same tree species can produce charccal of bulk densities varying
upto 407, depending on the age of the trees and their conditions of
growth, whether slow or fast. Trees which have grown slowly give
charcoal with a higher bulk density than that of fast growing trees.
Swedish example for the same species of trees:

Bulk density kg/m3

¥Wood Charcoal
Slowly grown 460 320
Fast n 3% 230

For artificially planted forests it is very important to determine
the optimum age at which the trees should be harvested to combine

a fair yield of wood per hectare and a good charcoal quality.
Depending on the species of trees and the regioms, only experience cam
determine that age.

Rotten wood will give charcoal of bulk density half that of healthy
wood and with a low mechanioal strength.

Charcoal produced from the bark of the wood has omly 2/3 of the bmlk
dmeity of that made with the trunk of the tres. It also produces
aore ash and more charcoal fines.

iis The charcoal sise: Example:

Coarse charcoal, average sise 9 to 15 om ..........121 k¢/l3

Pine charcosl, average sise 2 to 4 o@ .............152 kg/md

As mentioned before, charoccal made of comifercus woods and ty the
Svedish practice, is much lighter than charcoal msde from tropical
hardwoods and Yy Brasilian practice.
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- How the kiln or furnace is operated: High or low temperature,
fast or slow, good or bad supervision.

¢ XXXVII _ Swedish

Analysis Fine and spruce wood
Charcoal from Charcoal from
Porest Piles Furnaoes
c 89.0-92.5 % 79.0-88.0 %
By 3.2 - 2.3 % 5.1- 3.2 %
0, 6.6- 4.5 < 15.0- 7.0 %
Ash 0.7- 1.2 3 0.7- 1.2 %
P 0. 02-0. 03 3 0.02-0.03 %
Calorific Value | 8,000 Koal/kg 7,900 Koal/kg
' Bulk Density about 150 kg/m> _ about 120 kg/n>)

rornt‘pilc charcoal is produced at higher temperatures than furnace
charcoal. It was alwsys preferred by the blast furnace operatcrs.

The risk of self-ignition is oonsiderably greater with furnace charcosal.
It must be underlined hers that there exists s difference between
Swedish and Brasilian charcoal as to quality, both chemioal and physical.
The Swedish charcoal has a higher fixed Carbon content, lower volatile
matter, lower bulk density, lower tendency to self-ignition than
charcoel made in Bragilian practice. However, the average Brasilian
charcoal has s good mechsnical strength and has given good results

from all puints of view, in large blast furnaces, upto 700 t/day and,

in the near future, 900 to 1,000 t/dsxy.

¢. Phosphorus oontent

The ;mle is: The lower the better. Leal trees have 4 times
more phosphorus than coniferocus woods. The bark and the small branches
contain more than the tree—trunk. Fhosphorus content also varies with
the soil compositionm.




(vii)Conclusions from Swedish experience

Although the last Swedish charcoal blast furnace was closed
down in 1966, and for that reason the manufacture of charcoal pig
iron in Sweden must be considered as history, their experience still
contains much valuable information for countries or regione wishing
to introduce charcoal based iron and steel making technology.

Specific pointe to be considered are:

Forestry: Careful harvesting of the forestes.
Handatory replacement of felled forest areas.
Substantial use, for charcoal, of escondary wood, like
waste wood, branches, slender trees.
Preparation of the wood, barking, drying, cutting.
Charvoal manufacture: Careful preparation of the piles.
Good stacking of the wood.
Careful operation.
Charcoal transportation and etoring: Protection against water.
" against fire risks.
Screening before storing
to eeparate the fines.

Charcoal quality: Special attention as to composition. High fixed
carbon. Laboratory methods for testing the
chemical properties

Work force: Thsoretical and practioal training in all operstions.

Blast furnace operstion: (ood burden prepucation.

Intensive use of eintered iron ores.

Wood and charcoal as industrial fuels: Experience during the last
War and possibility to use that experiemnce
in countries with large forest reserves.



(11)

(iii)
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(b) AUSTRALIA ©itlioeraphv references 20, 34 )
(i) Introduction

Australia has one small charcoal based iron and steel plant
the Wundowie Iron and Steel Co. VWestern Australia producing 60,000
t/yr of pig ironm.

Charcoal Mamufacture

The Wundowie plant is characterized hy the unique fact thrt
the charcoal is mamufactured right at the iron plant site and not,
as usual, in the forests.

Forest Operation

The wood used for carbonisation comes from natural eucalyptus
forests which are located in the vicinity of the plant. Much of the
land is privately owned and has been cleared for farming purposes
under arrangements with the owners which resulted in the wood being
reserved to the iron plant. The owner was compensated Wy having his
bulldoging carried out at half cost.

Over the past 100 years, the sawmmilling and allied industries have
been steadily cutting these forests, removing the best loge and leaving
the worst. These trees which are not good for sawmilling have tended
to remain standing in the forest bsosuse their removal is costly and
uneconomic.

The form of the natural old eucalyptus tree, with its spreading crown,
necessarily jroduoes large quantities of branchwood even in good type
forests. Adding to this the poor type trees, the demd and useless
species, it is evident that up to 70”7 of the wood produced ty a natural
old encalyptus forest is only waste wood.

Eucalyptus waste wood will last for many years when lying on the ground
and there is a great need for industries to use the vast amounts of
waste wood and remove the forest debris which, otherwise, ocan only

be destroyed ty periodic bush fires.



A good forest operation resultt in a forest floor clear of fallen
and dead trees, traversed by tracks and roads.

The cost of wood is a very important factor as it takes approximately
3.5 tu 4 T of wood with 25£ moisture to produce one tor of charcoal.
Under the conditions in Wundow:e wood represents 75% of the total
cost of the charcoal and is therefore ziven a great deal of attention.
An important consideration is the gathering and hauling operation

in the forest. Care is taken to see that properly made tracks and
roads are constructed so that the heaviest permissible loads are
drawn from the forests. The loading operation is fully mechanical
using tractor type logging equipment and the operation is planned

80 that winter (Austrelia) cutting is confined to the high and dry

areas.

(iv) Wood preparation

Wood preparation is arranged to suit the particular situstion
at Wundowie whers two different types of carboniging plant are used
each requiring a feed =tock of a different size of wood.

The Wundowie plant has developed a unique mill operation for this
purpose. Dry logs, up to two m in diameter and up to 6.5 m long are
cut across the graoin into "cheeses" 250 mm thick. The "cheeses"are
then passed under a splitting machine which reduces them to slabs
about 100 mm thick. The mill has a capacity of 100 t per eight hour
shift.

Wood drying
Freshly felled eucalyptus trees contain from 40 tc €0k free

moisture. Drying experiments with wood cut into 25 cm blocks gave
the following free moisture content:
1 week 6 months 12 months 18 monihs

54..4% 31.68 21,66 15.9%

The initial free moisture content of the wood charged to the carbonisation
unite has a great influence on fuel consumption and carbtonisation time.




The process of drying wood is slow. Short cutg of wood across the
grain dry at a faster rate btut shorter cuts mean more frequent sav
cuts, requiring more milling time and increasing sawdust losses.
Consequently a compromise has to be reached.

Tt is important to airdry the wcod as far as poseible in the forest
before gathering and hauling. This avoids the cost of transporting
large quantities of moisture and the expenditure of much heat for
subsequent drying in the oarbonigation units.

Charcoal manufacturing plant.

The Wundowie plant uses two different charcoal carboniging
methods.
a. Batch type of retorts, derived from the Fernnsylvania type
retorts, popular in the USA until the late 1950's.
Air dried wood ¢t in 1.20 m lengths is piled intu lattice type
steel containers mounted on buggies. Four buggies, each containing

4.5 t of airdried wood are connected together and are pushed into a

retort 16 m dong. The retort is & closed steel vessel three m high by

two m wide with flat sides and bottom and an arched roof. It ie hung
in & brickwork setting. It bas two off-takes leading io condensers
and it is heated externally ty flue gae from five combustion chambers
located under the retort length. After the buggies having been pushed
into the retort, it is closed and firing commences, using blast furnece
gas or non condensable wood gas. During the first few hours the
heating is rapid, %o reach the distillation temperature. When the
exothermic reaction takes place, the external heat musi be decreased.
The whole operation takes between 12 to 24 h, depending on the moisture
content and size of the wood charged. When the distillation is over
all burners are turned off.

The buggies are withdrawn hot and trangferred to an air-tight cooling
chamber for two days with a quenching spray of water efter the first
day. The charge shrinks oonsiderably during the distillation. The
charcoal consists of rather large pieces with very little dust.
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Duration of total cycle, including cooling: .............three days
The plant consists of seven retorts of this type.

Daily production capacity: 40 t of charcoal

Yearly " " 12,000 t.

The system requires frequent repairs and replacements of the steel
retort shells, so a further development of the horizontal retort has
been made. The vessel is cylindrical and does not require a brickwork
setting but is heated bty hot gases blown around a circumferential
gteel annalus. The hot gas is recycled through an external reheating
furnace which maintains tenperatures at the desired level of 450°C.
This retort has eliminated many of the disadvantages o” the previous type,
but still suffers from the limitation of temperatures to which mild
steel can be subjected.

Yield in weight of charcoal: ............ ..40% of the wood charged.
This yield is high and is due to the low carbonizing temperature,
resulting a charcoal with high volatile matter similar to charcoal

made in Brazilian practice.

b, Continuous circulating gas retorts using the Lambiotte or SIFIC
Belgian process.

The disadvantages of carbonizing of wood by the external heating
of a retort containing the wood were overcome by the SIFIC process.
The principle of design and operation of these retorts is to utilize
the hot gases as a medium for both drying and carbonizing the wood as
well a8 for cooling the charcoal. The gases are circulated counter-
current to the wood and heated by partiel internal combustion. The
wood is fed continuously and charcoal removed continuously. (See
figure 20).Each retort consists of a vertical steel unlined cylinder
approx. 30 m high and 3.3 m in diameter with a flap type valve at
the top to admit the wood and specially designed valves at the bottom
to permit periodic withdrawal of the charcoal. The steel used consists
of mild steel at the bottom, creep resistant steel at the high
temperature middle section and stainless steel in the upper section.
The wood pieces, 20 to 25% moisture, diameter 8 to 20 cm and length
of 30 cm are skip fed to the retort. The wood is dried by ascending
gases in the top section, carbonized by recirculating rinsing gas in
the middle section and the chascoal is cooled before withdrawal in
the bottom section.
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(The newer SIFIC installations use separate wood pre-driers heated
by the hot gases produee’ in the carbonizing retort. The wood is
dried to 10f moigture. This svetem is preferable).

The cooling gas is blast furnace gas which is admitted at the bottom
of the retort and passes through it without change. The rinsing gas
is the retort's own atmosphere which is recycled through a rehexting
external combustion chambver fired with gas drawn from the top of the
retort. The gas which dries the wood is therefore a mixture of
blast furnace gas, flue gas from the external combustion chamber and
the products of wood distillation. Th: mixture leaves the retort at
approximztely 120° C and, after scrubbing for tar is piped to the
boilers for use as fuel in steam production.

The calorific value of the mixture of gasee is similar to blast
furnace gas at about 980 kcal/kg. No other source of heat beside
the gas produced is necessary with wood of 29 moisture. Iuration of
procese, from entering the retort to the exit of the cooled charcoal,
is approximately 12 hours.

The product quality is well controlled bty the gas temperature and
can be maintained at 90f fixed carbon at will. The withdrawal of the
charcoal results in s~me sige degradation caused by the valves but the
material is otherwise of excellent quality for blast furnace use. Yield
in weight of charcoal: 25 to 30% of the charged wood with 25% moisture.
The SIFIC units are very expensive to install and require large saw-
mills to cut large guantities of wood into small pieces. They are
economical in labor and maintenance, are thermally very efficient and
economical to operate. There is practically no interruption of the
operation once the retorts are in order. If any repair or alteration
is needed, it is only necessary to put the retorts on slow burning for
a few hours or a few days.

The SIFIC process is especially appropriate in countries where wood
and labour costs are high., This is the case for highly industrialized
countries.

Daily production of two retorts at Wundowie 70 t/day

Yearly production 20,000 t.




- 204 -

CIRCULATING GAS RETORT
FOR CONTINUOUSCHARCOALPRODUCTION
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Figure 20. Diagram of circulating gas retort for ocontinuous
charocoal production, SIFIC process.
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A pilot plant portable retort has been devsloped at Wundowie with
a capacity of one tom per day,.

It consists of a jacketed steel cylinder located above a firebax
burning wood waste. The flue gas is directed over the whole outside
surface and through a central chimney of the irmer vessel holding
the oharge. Downpipes from the inner vessel direct the pyroligneous
vapore into the firebax, therely saving fuel and eliminating
pecllution.

Yield by weight of charcoal = 20 % of the charged wood, (This low
yield is probabdbly due to a high carbonising temperature resulting a
charcoal with high fixed oarbon and low volatile matter).

Duration of complete oycle, including oooling: two days
Disadvantage of the system: The wood must be cut in ssall pieces
and the operation is labour intensive.

(vii)plast Purnace Plant

The Wundowie plant has two blast Turnaces esch 2.44 m hearth
dismeter with working volumes of 84 and 67 =3.

Total output is 200 t/dey and productivity is 1.32 t/m3 of
working volume or 20 t/m2 of hearth ares. Output is limited ty
available fuel. For comparison the Nomlevads furnaces in Bragil
have maximm productivity of 28 t/m°.
8ix tuyeres are used of 76 and 89 s dismeter. Blast furmecs lining:
ceramic bricks in throat, stack and bosh with carbon brioks in
tuyere jacket and hearth walls.

Purnaces have double bells, charged ty skip and distrituted
y NoKee rotary hopper.

Gas cleaning is Yy primary dust oatcher and Vemturi scrubber.
Furnace cooling is Yy splash cooling of bosh, tuyere jacket and
hearth. 8Stank oooling boxes were orgimally installed tut their
cooling effect was too severe on such small furnsces so they are

no longer used.
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(viii)Pyraace operstion

The screened rav materials are stored in bunkers located above
a soale car tuanel. Burden is mixed and not separsted which means
that all rev materials composing one charge are dumped together into .
the skip. Nixed, layer and spiral charging have been tried without
noticeable difference in furmace operation. (Probable rer>on is the
very small furnace diameter).

Iron ore mine is situated at 320 km by rail transport.

The ore is mixed hematite and limonite with average Pe content
61 <. Mn, P and tremp elements are low.

The charcoal has bulk demsity of 290 kg/m> fixed oarbom of 70-80 %
and 15-25 € volatile matter. All charcoal +4 mm is charged to the
fuinece. ~4 mm fines are about 12 £ of total charcoal.

The smll sise of charcoal is possible becamse of small furnsce
volume.

Screening at 12 mm has a favourable effect oa the permeadbility of
the furnace burden and ca the charcoal rete per t of pig irom which
docreases 10 £. However, this level of screeaing would reject about
23 € of the charcoal produced and may excesd the maximmm possibdble to
be injected through the tuyeres. Comclusions on this matter are
reserved until trials have deen carried out.

As the charcoal is prodmoed at the irom and steel plant it suffers
s minimwm of tramsportation. This explains the very small amount of 1
f fines under four mm. In Dresilisn prectios -4 mm fines average 18- %,

(1x) Ipjection of charees] fipes throwgh the tyyerss

The screenings wnder four mm are pulverised in a hammermill to
nizms two mm and are injected througk the tuyeres of the furmaces.
The pulverised fimes are tramsported Yy air and separated cut Wy
ayclomes into a pressure vessel at eack furnace. It is discharged
periodically imto a second yressure vessel sitwated directly below
it fitted at the bottom with venturi mossles. Compreseed air at
about two atmospheres is used 10 pick wp the fimes amd tremsport thea
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Yy heavy walled rubber hose to lances ingperted through the
eyepieces of the tuyeres. Usually two lances per furnace are
employed and these are periodically rotated from tuyere to tuyers.
Charcoal consumption per ton pig iron, including fuel injected
through tuyeres.
When screening at + 4 mm: ..........700 kg = 2,4 cubic m.
" " at +12 mm: ..........630 kg = 2,2 cubic m.

It is believed that the furnaces at Wundowie can be made much more
productive by the use of sinter or pellets, higher blast temperatures
and better sizing of the fuel.

An overall fuel ratio of less than two cubic m/t of pig iron may
thus be possible. If this ocan be achieved, the operetion will
compare favourably with large coke fueled blast furnaces.

Research work is being done on the briquetting of charcosl fines.
(One drawbeck is that charcoal fines, due to their high porosity,
require large amounts of binder and that sscondary carbonisation
must be carried out before the necessary strength is developed for
blast furnace use.)

(x) Secondary processing of the pig irom
The hot metal direct from the dlast furnaces is transferred to
high frequency induction furnaces for allgying and superheating.
(See also similar trends in Brazil). All type of cast iron have
been produced, including grey irom of all grades, ductile iron,
ni-hard, high chrome alloys and chrome-molybdemum irons. Recently,
steels have boen made in a shaking ladle and held in the indunction
furnaces prior to oasting.
(i) Conclusions
The Australian operstion at the Wundowie plant has unique
conditions in the charcoal iron and steel industry. The aspects
described are typioal of conditions existing in highly developed
oountries like Australia with a strong emphasis on low labour and high
capital intensity.
The following points are worth comsidering:




8 4
The forests which supply the wood consist of natural nld
eucalyptus trees. The forest and sawmill operations are highly
orgmnised and mechanised. Good use is made of waste wood for the
charcoal manufacture. Great care is taken to properly airdry
the wood to reduce the transportation costs cf the wood to the -
distillation plant.
be Charcoal manmufacture
The oharcoal is produced in a oentral carbomising plant
located right at the iron plant. The equipment consist of two
different systems of retorts which use the combustion gases produced
during the distillation process, besides some available blast furnace
ges. The thermal efficiency of the carbonising process and the
Yields oharcoal to wood are high and air pollution by the pyroligneous
vapors is avoided. All operations are mechanised. Charcoal quality
is reported to be good. Maximum fixed carbon content is aimed at.
The following serious drawbacks must be remembered.
i. Fecessity to transport four ton of wood for each ton of prodwoed
charcoal,
ii. High capital intemmity of the equipment.
iii, Unsufficient charcoal production for the blast furnace
needs,
Cost figures are not revealed and thersfore in this respect no
oomparigson oan be made with conditions and methods in other oountries,
principally Brasil. |
c. Blast furnace plant |
It oonsists of two small well designed and operated dlast |
furmaces. Specific charcoal rates and furnace productivities are
§o0d and are being improved through advanced operational techniques.
Of specizl interest is the technique of injection of charcoal fines
into the furnaces through the tuyeres.
Secondary processing of the pig irom takes good advantage of the
inherent good qualities of charcoal blown irom for the mamufacture
of quality foundry products.




(¢) ARGENTINA (Bidliogrephy referemeces: 33, 34, 35, 36, 37)

(1) Introdmction

Sinoe 1944 Argemtine hes ome integrated charocal based iren amd steel
works 'thollcm-wh'omdlvﬁom-dmtdwu
department of the Defense Ninistry. This was the first integrated plant
in Argentins followed lnter by ooke based plamts,

The plant, situsted 12 kns fros Sem Salvador de Jzjuy 1356 kms
north of Duenos Aires, produces 275,000 t/yr ef pis iren. It uses as
principal fuel charcosl as well as sows mmall smounts of petrolewm ovke
and metallurgical ooke.

(ii) Charceel Nemmfacture

90 € of all the charcoal used is preiwced frem "Quebracho” wood by
mt-uzm”ut-mmmnm-m-
mwrmbhdmmlqnmuhpm.

The GRAY CEACO covers am ares of 725,000 sq. km of thres oountiries
Argemtina, Dolivia, Pareguay. Nalf of the region is siteated iz Argemtise
end most is covered by "Quelwacho” ush forests. "Quehrecho” is a tree
of the ABACARDIACEAD femily, genius SCHINCOPSIS, It appears mostly in
the form of bush, Itiluhulwdauriommlofn‘hkhuiv
(abowt 3% kg/s’) snd high mechanical stremgth. The temmic bask of the
wood is used in temming. The charceal is predwoed in ferest piles amd
in kilns.

luﬁoﬁomtml:tr-ﬁoﬂlm-‘qtthh
mmmum-—ummmn-mm
forests planted in the weorks area. A forestry sni charcsal preductien
mtuinmoftouﬁﬂv‘tidhmm It
mhu«fmuwmuu, is %0 determine threugh
ressarch and experiments, which methods amd types of eguipmmmt are bost
suited for carbenisatiom. Two types of kiln are uied.




&. Nostly beshive brick kilns similar to those developed
in Brasil Yy Companhia Siderurgica Belgo Nineira. Ths diffsrencs
is that the Zapla kilns uss steel doors instead of briok doors.
This arrangement facilitates the operations of wood charging and

charcoal unloading. The steel doors last many years.
YTield
in wood ) = 2,2
volume

Pized carbon in charcoal = 70 %

b. Experimental kilns with an independent outside wood fired
hearth called Schwarts kiln. (See figure 21)
This type of kiln is still used, though little, ty soms oharcoal
sanufacturers in Sweden and in Norway.
The kiln, Wilt of ordinary clay bricks, is rectangular shaped,
has vertical side walls and an arched roof. The side walls are
reinfcrced ty facs standing U-beams and the arched roof is restained
from movement by steel bars commecting the U-beams. The hearth,mads
of refractory bricks, is located undsr the kiln. It consists of
the wood fusled fire chamber with a cast irem door amd below it
an ash tray with cast irom grate bars and an air port. There is
a flue between Learth and oentral kiln floor opening. The hot
geees produced by the wood combustion in ths hearth penstrats into
the kiln through ths emtrancs "a” and leavs it through ths floor
openiings "b" l.ocatod at the two kiln extremities and from these
through the flues "o" to the outsids ohimney. The only air port is
the hearth door and ths kiln is thsrefors easy to operats. Ths
only care which must be taken is to keep the fire in ths hearth
canstantly burning until termination of ths carbomisstion process.
If the fire goes out, ths cold air entering through ths door would
set fire to the whole charge and burn it.
The two loading and unloading doors are made of four sm thick steel.
The carbomisation process is best controlled by two pyrometers
located each at the kiln extremities 20 om abeve the floor. The
carbonisation process reaches thess points last; this is indicated
by a oonstant temperaturs of 350°C.
When pyromstsrs are not availabls, ths progress of ths carbomisation
process can be controlled ty introducing steel bars through the
openings "e": The hearth fire is then extinguished, ths hearth and
ash tray doors hemetically closed, and the kiln is left %0 oeel,
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It may happen that the dietillation process at one extremity of

the kiln is more advanced than at the other. vhen this happens

the carbonisation cam be oontrolled at ome or the other

point Yy regulating the gates located at "d-d". During cooling

the eame precautions must be observed as desecribed in the operation.
of the Brasilian beshive kilns, Cycle for carbomisation of air
dried wood with 200 moisture:

Carbonisstion: three days

Cooling: four d4ays
losding and unlosding: _ owe day

Total: eight dxye

Wood consumption for hearth fire: four o sevem steres, depemding om
moisture ocutenmt

Table XXXVII] Soarts kil Steres al charcosl

Yields from ewcalyptus wood }‘iﬁ X, w
; ]

Bxcluding fuel wood for hearth fire 1.33 1.80 1.60

Including " " " " l 1.50 | 1.90 1.70

These latter yields are similar to those obtained recently W Belgo
Nineirs with its improved operation with cemtral stack Seehive kilns,
The Schwarts kiln costs sppreximately twice the prioce of a Wwick
beshive kiln of sems capacity. This cost could be somewhat reduced
Yy eimplifying the equipment of the ocutside hearth and the two
losding and unlosding doors.

(111 )conclusions

The Schwarts kiln presents some favourable points which are:
&s Use for hearth fire of low qaality fuel wood, for instance
branches, dry lesves, wood chips tree bark, unsuitable for charcoal
sarufacture.
% Basy operation of the kiln and comtrol of the carbemisstiem process
through one air port.
6. Good and uniform charccal quality.
de Beay losding and wnloeding operatioms.
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However, it must be examined whether thess advantages outweigh
the double cost of kiln compared with the circular Brazilian bee~
hive kiln of eimilar wood capacity and charcoal production.

The Zapla company has kindly offered to eupply the blue=prints of
the Schwarts kiln om request by the interested persums.

iv) Blast 11
The plant bhas fivs blast furnaces of various gizges from
60 to 250 t/day capacity with hearth dismeters of 2.6 to 5.6 m.
Blast heating is by three cowper etovee/furnsces with blast temperature
of 600-700°C.
1.34 t charcoal {1972) is used/tom pig iron. Thie high figure ie due
to the low iron oomtent of the ore 40% - 48 € Fe. e total burden
is 2,100 kg/tom iron snd slag volume ie 1,050 kg/ton,
Charcoal characteristios are 70k fixed carbom, 20-22" volatiles
and ulk demsity 350 kg/m>. HNot metal composition is Si = 0.35-0.45

(suitable for Thomas oonverter practice) Mn = 0.45 - 0.557
P - 1090 - 2-0"-

Ae previously etated small quantities of petroieum coks and metal-
lurgical ooke are also used in the furneces; oil injection is aleo
used in eome furnaces.

TANET, Talleres Netallurgicos San Martfn, an iron and steel products
sanmufacturing corpany located in Buenos Aires, is uilding @ charcosl
besed iron and steel plant at Puerto Vilelas, on the Parsné River in
the Chaco Province. Initial capacity of pig iron will be 50,000 t/year
and the plant will gradually be expanded during the next ten years to
350,000 t/year and 90,000 t of eponge iron. Production will coneist
of pig iron, heavy iron castings and steel billete for rerolling.
Charcosl will be produced in the plant vicinity which has large
natural forest remerves and offers good conditions for reforestation.

Iron ore will be shipped from mimes situated near Corumdf, Nato Grosse,
Brasil.,
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(d) PARAGUAY
The Government of Paraguay has decided to start in the near

future a charcoal baged iron and steel plant with the assistance .
of Brazilian capital, know how, engineering and equipment.

The company called "Aceros del Paraguay SA" (ACEPAR) will be -
controlled ty Siderurgia Paraguaia (SIDEPAR) representing the
Government ownership of 60%. Brazilian partnership of 40f consists

of several companies.

The plant will be located at Villa Hayes on the river Paraguay a

few kms north of Asuncién, The site was chosen to be near company
headquarters and the principal market and. 10 permit water transport

of all iron and i;anganese ores and 60% of tne charcoals Pig iron
protuction is scheduled to be 100,000 t/yr with specific charcoal
consumption of 740 kgs/ton corresponding to about 3 m3 of charcosl with
70 £ fixed carbon. The burden will be screened ores, hematite and
manganese ore, from the Uruocum mines, Corumbd, Mato Grosso, Brazil,

2,000 kms away. They will be transported by barges on the Paraguay river,
Charcoal during the first eight years of plant operation will be
mades from natural forests in the vioinity of the plant,
After this period the wood will be supplied from artificial forests
probably eucalyptus, at a rate of 60% of the charcoal needs. The
other 407 will be supplied from natural forests Yy private charcoal
manufacturers. Most of the charcoal will be transported by river
barges. Two blast furnaces will be used; each 3.5 m hearth diameter,
148 m3 working volume. Productivity will be 163t/day per furnace
4 at 1.1 ‘l:/m3 working volume.
Eight tuyeres will be used and three stoves per furnace will heat
the blast to 700°C.

100,000 t/yr of hot metal and 18,000 t/yr of in plant sorsp
will bs used in two BOF vessels of 12 ¢ capacity produncing 120,000
t/yr of crude stesl.
Contimuous cast billets will be used to make 100,000 t/yr of finished
products in the form of reinforcing bars, wire rods, rounis, flats and

angles.
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2. POSSIBLE USES FOR CHARCOAL FINES

In the charcoal manufacturing process and in the numerous handlings
to whic. charcoal is submitted from the kiln to the blast furnace between
10 and 25% by volume of fines less than six mm in size are produced.
Thege fines represent a heavy loss and therefore all the important iron

and steel companies are conoerned with this serious problem,

The fines can be effectively used in the following ways:

ga) In the sintering prooess

Charcoal fines are an excellent fuel in the sintering of the Minas
Gerais Hematite type fine iron ores called by "Jacutinga", with an average
Fe-content of 65/69%. Inferior _quality iron ores are also suocessfully
sintered with charcoal fines. The wet sinter mixture needs 7 to 8 %
charcoal fines by weight,

When 100% of sinter is used in the blast furnmace burden, all the
produced charcoal fines, roughly 20%, are consumed in the proocess aci a
complete equilibrium will be achieved between produced and consumed charcoal
fines, plus the advantages of good sinter burden for blast furnaoce productivity
and economy of charcoal rate. ‘

Until recently all operating sinter plants using charcoal fines in
Brazil were of the discontinuous Greenawalt pan type. The first continuous
Lurgi design sinter plant of 1,000,000 't/yr capacity started successful
operation at the Monlevade plant of Belgo Mineira in February 1978.

It consumes all the charcoal fines produced at Monlsvade and allows
a 90 - 100% sinter burden at the blast furnaoces.

(b) Pulveriged charcoal burning

Charcoal gives good results as fuel for pulverized fuel burners. The
resulting flame has & high luminosity. Ferro Brasileiro uses it for boiler
heating. Recently some cement plants are using charcoal fines for the
heating of rotary cement kilns. The charcoal fines musi be previously
dried and soreened to separate the majority of impurities and ashes. The
charcoal is ground to approx. 100 mesh in & rotating ball mill. The powdered
ooal is blown through a speocial burner, alone or as an addition to ancther
fuel, e.,g, blast furnace ges.




()

(4)

- 216 - |

During the last War some experiments were made in heating open hearth
furnaces and rolling mill reheating furnmaces with powdered charcoal fines,
but the results were umsucoessful. Reasons: No previous drying and screening
of the charcoal fines was done and, as a result, the content of impurities
was too highe In the case of the reheating furnaces, the steel billets
were covered in a short time with an insulating ash layer. These
difficulties could be overcome through the above mentioned measures.

Injection into the blast furnace through the tuyeres.

This process has not yet been used in Brazil but Acesita is
examining its possible applica.ion in a new 900 t/day blast furnace which
will commence operation in 1978,

The Australian charcoal blast furnaces at Wundowie inject sucoessfully
all their produced charcoal fines, which represent 12% of the charcoal
production, in powder form. (Note: The amount of charcoal fines is lower
and the fines are Cleaner than the average Bragilian figures due to the
Australian charcoal manufacturing process and the absence of transportation,
as the charcoal is produced right in the steel plant).

The charooal fines must be dried, soreened and ground to approx.
200 mesh,

This process has been used for years with mineral coals.
The replacement value of 1 kg charooal fines per 1 kg of charcoal in
the burden is olose to 1.0.
Briquett
i) Briquettes for domestic fuel

The oharcoal fines must be dried, screemed and orushed in a hammermill
t0 & certain size. The fines are hot mixed with a binder such as coram

starch; pressed in a rotating press and dried at a tempersature of approx. *
80°c, to remove the moisture and to give the briquettes the necessary
strength. The whole process is simple and cheap.




-217 -

“;’) Briguettes for blast furnace use

The charcoal fines muet be dried, screened and ground to
30f¢ -200 mesh. The correct proportions of the size grading is
very important.

The fines are then hot mixed with 25 % to 35 % of pitch
(a large amount is needed because of the porosity of the charcoal).
Charcoal pitch from wood distillation is an excellent binder.

Other carbonaceous materials may be added to the charcoal.

Pressing rust be done at very high pressures.

The raw briquettes must be carboniged at high temperatures:
900° to 9‘50° C, to obtain the necessary strength for blast furnace
use and to eliminate most of the volatile products contained in

the pitch. Rew briquettes cannot be used in the blast furnace.

Thig kind of briquetting is & complex and expensive method of
using charcoal fines because of the large amount of binder required
and the heat ireatment during which most of the binder ie lost,

iii) Other uses

a. As an addition to mineral coal in coking plants

This method has been successfully used in Bragil by Usiminasg in
amounte up to 5 % of the total coal mix; the resulting ccke has been
reported to be of good quality.

The charcoal fines must be previously screened to separate the
majority of impurities which are always found in charcoal fines when

ocharooal ig produced in kilns.

b. For direct reduction cf iron ore

Numerous sucocessful laboratory and pilot plant experiments
made in Brazil and in Germany by the rotary kiln method indicate

that charcoal fines, between three and 12 mm sise are an exocsllent reduoing
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agent for the reduction of the high grade Minas Gerais Hematite
_iron ores with 65 to 69 4 Fe, in similar sizes to the charcoal fines.

The advantages of charcoal in this prooess are:

Its excellent reactivity due to its high content of volatile
matters.

Ite low ash content and the absenoce of sulphur.

As a result of these typical charcoal qualities, the operation
temperature of the process remains low, under 1000°C, which is
lower than the softening point of the charcoal ash and the Oore gangue,
The process is fast, resulting in a muoh higher output than when
operating with coke breese or mineral coke fines.

Charooal consumption is estimated at about 600 to 700 kg per ton

of sponge iron.

The degree of metallisation for the above mentioned iron ore
is about 90 % and the sponge iron is excellent burdemn for the electric
arc furnace. .

Up to the present moment no existing industrial installation for
direct reduction of iron ores is using charcoal fines.

Oe As an addition to the refractory material for blast
furnace tap hole clay

Charcoal fines can be used as a major ingredient of taphole clay

up to 33 4. The remaining ingredients being quartsite, sand and pitoh
as a binder,
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3. ALTERNATIVE TECHRULOGIES FOR IRCN MAKING USING CHARCOAL

IR IL

(a) The low shaft charcoal eleciric reduction furnace based
on the Tysland Hole Frocess (See also Section 4.(a) - Sweden)
The electric low shaft furnace consumes less sclid reductant
than the blast furnace but, because of its high electric emergy
consumption which i sometimes considered an unfavourable aspect, the

furnace is particularly favoured where electric power is cheap. This
is the case for iron and steel companies who own and operate
hydroelectric plants, for instance Acesita which has a 50,000 KW power
plant.

A favourable aspect of the low shaft electric furnace is its
flexibility with regard to the use of solid reductanis, as all types
of mineral coals, coke breege and charcoal can be used in any combination.
This flexibility is interesting for charcoal based iron and steel plants
which, due to great distances from the sources of charcoal supply or
for other reasons,suffer sporalic or constant charcoal deficiencies and
want to lower their charcoal rate and thus become less affected by
the fluctuations of supply.

Brazil has furthz: developed the Norwegian Tysland Hole process
started in the beginning of the century and has brought the technology
of the electric low shaft furnace to a high degree of productivity.

Much research and development work has been done and as a result furnace
operation has become very reliable.

The advantage of charcoal over coke in the low shaft electric
furnace is characterized by the fact that the electiric resistance of
charcoal increases with the temperature whilst the resistance of coke
decreases with temperature. This increase of electric resistance
causes a local rise in furnaoce tempersture which has a favoursble
effect on charcoal rate and energy oonsumption and increases furnace
productivity about 30§ compared with coke.

The quality of the refractory lining must be of a very high grade
in order to resist the high local temperatures. Special refractories



have besn developed by the Bragilian refractory sanufacturers with
excellent results. The low shaft top gas comtains more than 8ot

of CO+32 which makes it very suitable for the direct reduction of
hematite iron ores. Research is being done to combine ihe low shaft
furnace with a direct reduction process which would produce sjonge
jron. It is expected that for each ton of hot metal, 0,7 tons of _
additional sponge iron could be produced but it is too early to make
an evaluation of this possibility and its econamies.

Data on existing furnaces in Brazil are as follows:
Three existing furnaces, two at Mannesmann and one at Acesita all
designed bty Demag.

1977 pig iron production: tesssesssscsscasssse200,000 te

Transformer capacity of each furnace: .........17,100 KVA (3x5700)
Daily production of the PUTTBCEB: coceseeeoses150-220 t sach

FOMOr COMBURPELON: «vvvovsencesnsacesssanssss 1,850 = 2,00 kib/t iren
Cooling water COMSUMPEion: ..eceecoceesssssss.3T=42 cubic m/t
Charcosl COMBUBMPLioNs «coccceccecssorassesssse450-550 kg/t iren

Charoosl 5188 oo (R0 kg rixede)

Slag volume (YAth Za-qontent aRRRo% 22%) ......400450 kg/t (Mostly recirculated

from the BOF and oloctgc .)
High grade Hematite ore rate.......ccecceceeee 1,350 = 1,400 kg/t irom

TOP‘“ Cllorific Vll\l.: 60seecccessvesn s ng m/' muc-
" " Mtity: -......-.......-.....-..-...500 - 6@‘ Gﬂbic ﬂ/t im
n”tr“‘ c“\.p‘tim: FEEEEREX] 000000.00000003-5 k‘/tpi‘ im

A fourth Brasilian low shaft electric reduction furnsce to produce
15,000 t/yr with an electric power of 33,000 KVA is being built
Yy the Barberi Compeny, in the State of Rio de Janeiro. This
company produces centrifugally spun cast iron pipes. .

(b) Botary kiln reduction furnace

Upto the present, in Brasil, charcoal has not been used in
direct reduction rotary kilns despite successful laboratory and pilot
scale emperiments reported in Section 4.2 "Possidble uses for charocal
fines".



From a regional point of view this procese would be well suited

for certain arsas of the State of Mines Gerais where large amounts

of charcoal fines are available as well as suitable high grade hematite

iron ores and pellets. For economic production of sponge iron ores and

pellets must have special chesical and phaysical properties to reduce

t0 & minimum the elag volume in the subsequent electric arc melting

furnace. Chemically the ratio Si0; + Al,0; ehould be lese than 5%
Fe

and the phosphorus content below O.0%K.

Thus, rew materiale for direct reduction have an appreciably
higher price than the corresponding iron ores for blast furnace uss.
This factor must aleo be remembered when ocomparing the blast furmaoce
with the direct reduntion route. Prom the point of view of present
cost comparison the charcoal blast furnace is still the more econamical

proceses.
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4. THE BABLW NUT AS A FENEMABLE SOURCE OF REIUCTANT AND FUEL
(Bibliography references 22, 23)

Vast areas of the North and North East regions of Braril,
represented principally bty the States of Marenhao, Piauf and Goias,
are coversd with extensive forests of Babagu palmirees which produce
an oil-yielding fruit, 5 to 7 om in diameter and 8 to 15 cm length.
The total area covered by these forests is calculated at 170,000 sq. km
or 17 million hectares, with an average tree density of 250 per ha.
The yield of cocoanuts varies from 0.3 to 9 t per ha/year and, for
areas of medium tree density, is 2,7 t/ha/year.

Upto the present time the babagu cocoanut is exclusively used as
food and for its vegetable oil content which represents 6 or 77 of
its total weight. The babugu palmleaves are used as roofing and
construction material for houses.

After the cocoanut has been broken and the oil extracted,
the remaining shell pieces can be carbonized to yield a charcoal
which has excellent chemical properties considered superior to the
charcoal made from eucalyptus wood.

Unfortunately the particle sizes of the resulting charcoal are
400 small for direct use in the blast furnace. They must be
agglomerated. Carbonisation of the entire Babagu cocoanut gives
s strong lump charcoal btut this process is uneconomical becauss the
high nutritious value of the fruit oontained in the shell is
lost in such carbonization.

The total potential of these vast regions is estimated at 40
million tons of cocoanuts per year, oorresponding to 10 million tons of
charcoal. Appraximately one fourth of this quantity, or 2.5 milliomn
tons of charcoal, could be made available in concentrated areas and
could therefore be economically used industrially.

The principal cocoanut producing regions of the State of
Maranhao have numerous navigable rivers. so it is a general opinion
that these waterways could easily be used for barge transportation
of the cocoanuts to distillation and briquetting plants, to be located
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on the river banks, and from thence to the ocnsumers, also Yy boat.
Due to the high energy potential of the Babagu oocosnut and its
availability, it is considered ty many experts and ty the Bragilian
Government as a partial and renewadle carbon source for large coke
based national iron and steel plants. In consequenoce, the Secretariat
of Industrial Technology charged Siderbras, the Bragilian Holding
Company for the State owned Steel Companies to undertake "Babagu"
research and development programms. After intensive studies and pilot
plant work in Bragil and abroad, the following preliminary conclusions
have been drawn: (1977)

(a) The potentiality of the Babagu palm forests as a supplier
of large and regular quantities of cocoamuts is a reality and the
yield of oocoanuts in t/ha/year in the arsas of medium tree density
is sufficient to permit an economical industrialisatiom ,

(b) The oarbonisatiom of the cocosnut shell, after extraction of
its vegetable oil, yields a charcoal of axcellent chemical qualities
which can be controlled through the distillation temperature.

(c) The distillation by-products can be used as fuel and as raw
material for the chemical industry. The gases could be used in the
direct reduction process of iron ores.

(4) The use of Babagu charcoal may be considered in the following
iror and steel industry sppliocatioms:

(i)  As sinter-tuel in combination with, or as a substitute for,
coke breeze. These two possibilities have proven successful in
jndustrial tests made at the sinterplants of "Siderurgica Kacional"” and
Usiminas.

(i1) As an ingredient of the coking mixture, probably up to
20k, with mineral coals. Pilot tests have proven the viability of
this process.

(111) s a mixture with mineral coals for the mamufecturing of
formed coke to be used in foundry oupolas, low shaft electric reductiom
furmaces and, under ocertain quality conditioms, in the blast furmace.



(iv) As briquettes sade from 100 £ Dabagu charceal fines for
use in foundry ocupolas. Brigquetting tests have been nade at Usimines
with a rotary press snd the bLriquettes have been tested with swoocees in
a oupola. The grestest disadvantage of briquetting is that they
mast be again carbonised at high tesperature to develop the necessary
strength for use in cupolas and blast furnaces.

(¥) As a reductant of iron ore in rotary kiln direct rednctiom
procesees. (SL-MN, Krupp amd others).
It is expected that, as a result of the future possible large
use of Babagu charcoal Yy the ooke based irom and stesl indusiry,
the oountry will gradually reduce its dependence on imported coking
coal. The necessary investaents, of the order of Us$ 300 millioms,
will be largely compensated Yty the savings in foreign ourrency for
imported coking coal. The installation in the State of Naranhao of
s industrial complex based on the use of babagu coccamut is being
studied. Charcoal production will be 240,000 t/year.
Froa a socio-economic point of view the large scale industrialisation
of the Babagu oocoamut is important to the rural populations of the
affected areas as the marmual oollection of large quantitits of ,
cocosnuts and their transportation will offer a regular family income
for some hundred thousand persons, including men, women, children.
These pooplownkoalivh‘ﬁ'-thomm.
tut, as the quantities are small, their income is very modest. It is
expected that the quantities collected, per cepita, ia the future
will increase temfold.




2 DECKIPTIQN oF POUR NAJQR ARAZILIAY CHANCQAL DANED INON AND
SIEELELANIR

(s) Companhia Siderurgics Belge-Ripeire (CEEN)

(1) Introductiom
CSBM was the first integrated iron and steel ocompany in South

Merica and to-dsy is the largest charcosl based steel ocompany in the
world.

It was founded in 1921 as a partnership of a Bragilisn oampeny
“Companhia Siderurgica Nimeire™ and the Luxemburg company ARBED,

To-day ARBED has 30" of the shareholding and the remainder is owned
Yy 45,000 Bragilian citisens.

Iren making activity started with bdblast furnaces at Sgbard
near Belo Horisomtejsteelmaking and rolling plamt wers later added.
Activities wers expanded in 1937 Yy the oomstruction of the new
Nealovade integrated iron and steel plant with an original capeacity
of 100,000/yr of ingot steel. This was one third of the total
Brasilian market at that time.

The technical and economic success of the Sebard plant provided
the experience snd oonfidence necessary for the Nenlevade expamsion and
the Ssbari plant became the prectioal training schodl for a whole
gemeration of Brasilian metallurgical engineers and managers.

e more favourable oonditions at Nomlevade led to the oontinuous
expansion of that plant and since 1969 the Sabarf plant has been 1imited
to ircmmaking and general maintensnce sctivity for the whole CSEM group.
(1i) Present Sedarf Plant (Usins de Sadarf)

This oonsists of two 150 t/day blast furnaces with blast heating
YWy cowper stoves,
Froduction is 120,000 t/yr of which 13,000 t are used for hesvy iron
castings in their own foundry. This is being expanded to 40,000 t/yr.
The remainder of production is cast as pig iron for steelmeking. Irom
ore comes from the plants’ owmn mine in the vicinity,




An interesting feature is that 10,000 m°/month of charcoal, 1/3 of
total requirements, is transported to the plant Wy rail a distance of
700 kme in plastic bags of thres m° capacity. These are loaded smd
unloaded Yty travelling crane. The bags are re-uged for mors than
60 trips, It is proposed to double the capacity of this method of
handling and transportation.

Zigares:

22- Blast Furnace Plant 1 - Layout.

23 Section through blast furnace 1

24 Section through blast furnace II

2% Section and plan Cowper stove I - II

26- Section and plan Cowper stove

7]~ Casting beds.
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COMPANHIA SIDERURGICA BELGO MINEIRA

USINA DE SABARA
BLAST FURNACE | 180 T/ DAY
Pigure 23
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COMPANHIA SIDERURGICA BELGO MINEIRA
USINA DE SABARA
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BLAST FURNACE !l !
Figure 24 180 T/ DAY |
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COMPANHIA SIDERURGICA BELGO MIMEIRA
USINA DE SABARA
Pigure 25
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(iii)rhe Moulevade Flant (Usina de Jodo Monlevade) ‘

The Monlevade plant is situated 130 kme from Belo Horisonte in
the eastern region of Minas Gerais State in the Piracicabe river valley.
It was chosen to be close to the Andrade iron ore deposit with large
forest reserves in the vicinity. The Piracicaba river offered hydro-
electric potential, and good reil comnections were made available.
The plant has four blast furnaces and a fifth has been designed and
ordered. Fresent pig iron output is 600,000 t/year and crude steel
800, 000 t.

s, Charcoal supply.
From 1937 to 1952, when the pig iron production reached 100,000 t/year,

the quantities of charcoal produced from natural forests in the plant
vicinity, were sufficient for the plant’s needs.

As the former foreste were gradually transformed into pasture and
agricultural land, and the natural regrowth of the forests took
appraximately 25 years, the company management became convinced that,
in the long run, only man planted forests could guarantee a continuous
and regular charcoal supply.

Another serious problem was poor transportation and insufficient
storage capacity. During the rainy season, lasting from October to
April, the earth roads and the two narrow gauge railways were frequenily
interrupted, causing sporadic dilfioulties in the oharcoal supply, and
so limiting blast furnace production. The charcoal quality alsc
suffered during dong rainy pericds. Moisture contents reached 30 and
sometimes 407.

To meet the ever increasing demand of charcoal and to relieve the
transport and storage deficiencies, the following suocessful measures
were taken:

i, To develop euoalyptus roforestation in the Monlevade, Rio Doce
and other regions, and so gradually make the compeny independent of
natural forests.

ii, To build an aerial cablewsy to iransport to Monlevade the
charcoal produced in the main mamufacturing areas then situated, in
the Rio Doce Valley.




iiis To tuild a large charcoal depot in the vicinity of the plant
to store the charcoal neceseary for s long period, principally during
the rainy season.

ive To install in the charcoal menmufacturing cemters a series
of intermediate storing depots to protect the chavcoal against the
rain during prolonged periods. Charocal msmufacture, reforesting snd
sdministretion of the compeny's land ie dome by a subsidiary, Compmnhia
Agricola s Florestal Senta Barbars (CAP).
Tabls IXXIX Present and future charccal activities of CAP

Yoar | ARZa BTN W ieted| Vo ation
Neoods proﬂnod Yy CAF| ares
(w) (=) (ha) (ha)
1977 1,800,000 T204,000 130,000 124000
1983 2,100,000 1,400,000 190,000 124,000

The company employs 8,300 people in reforesting and charcoal
manufacture.
It is produced in thousands of beshive kilns, Yields over the years
have improved through better operation and design, from 2.2 to 1.6
steres of wood per x> charcoal. The company maintaine s pilot plant
for test and development work. Charcoal arrives at Nonlevade Y
aerial rope way, rail and trucks , at a peak memthly rate of 200,000 w>
(1,600,000 w3/yr) and is received and stored in a 240,000 »3 capacity
concrete storage depot.
This depot is shown in figures 29,30 and 31.
It is divided into equal 20 sections esch of 25 » length thus pemmitting
separsie storage of different charcoal qualities amd reduncing loeses in
case of fire. The whole area of the depot can b reached by the inoceming
distributors and belt conveyors shich are mounted om two cross carriages

sach spanning half the storage aree.

-
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Charcoal is discharged Yy two travelling extractor machines,
1ocated in turmels under the whole length of the depot. The whole
system of unlosding, storing, discharging and transfer to the bdlast
furnsces is very flexible and allows a great variety of simultaneous
operations, like discharging of the depot and unloading of railway
oars, trucks, asrial cablewsy.
A very complete fire extinguishing system y means of sprinklers
and waterhoses has been installed to rapidly combat the
ocoasional, but rare, fires. 8Still the best method comsiste in
eaptying immediately the oell which has caught fire through the
conveyor system.
Before storage all incoming charcoal is measured ty volume
and the weights are also checked.
50% arrives as lump charcoal in trucks
29% arrives in rail wagons
10% arrives by asrial oableway.
4ll disonarging is mechanised.
Charcoal oan be delivered from arrival point directly to blast
furnsoe bins or to the storage depot. Before delivery to the
furnace bins it is screened on double deok vibrating soreens
and separated into three sises.
Coarse -
Fine -
and Breese -

greater than 30 mm
between 10 and 30 me
less than 10 mm.

Table XL Gigrceal oharecteristics (1974). CSBX -

As received at depot Coarse Fine Breem

Moisture % 9.8 12.9 14.7

Bulk weignt cubic m 255.8 272,0 346.5

Average sise (mm) 37,02 15,67 3,68
Chemical analysis p |

Ash 3,2 50 11,9

Yolatile matter 26,1 26.4 27.2

Fixed oarbon as received 70.3 68,6 60e5

Chemical analysis of ash

8i02 13,33 16.14 41.19
Fe203 4,04 4.43 4,87
Cal 30,66 33,88 21.45
NgO 6.31 5¢73 1.63
Pzw 3027 209 1063
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The coarse and fine sises are taken ty separate conveyors to

12 concrete blast furnace bins having a total of 12,500 m°> capacity
which is twc days blast furnace requirementa.

The breese ~ 10 mm is rescreened at 4 mm and the -~ 10 mm + 4 mm

is used as fuel for sintering. The - 4 mm charcoal is discarded

a8 it contains too many impurities.

Before charging into the bhlast furnace bucket, the coal is rescreened
at 6 mm opming and the resulting breeze is also used as sinterfuel.
dost charcoal fines are produced at the manufacturing centers and
during the charcosl transport but some fines are produced as a result
of the handling at the storing depot, total is 18 - 20%. At present
(1978) all the fines are absorbed in the mew sintering plant.

2, _Irce Ore,

A subsidiary company operates the Andrade mine which is
situsted about 10 ime from the plant and commected Yty the company’'s
electrified ome m gauge railway. Nining is by open pit amd all
operstions are mschanised.

The mine has a proven reserve of 100,000,000 t of which 80, 000,000
are high grade Hematite of 66 - 68% Fe which is used in the plant.
A 300 t/hr ore crushing and screening plant at the mine provides
sised ore 19-31 am for the blast furnace
6-19'mm as hearth layer for sinter plant and blast furnuce
0-6 mm for sintering.

2s. Sinter.

To use the fine ore - 6 mm a pan type sinter machine was
installed in 1945. This had two pens each 14 m°giving a daily sinter
production of 760 toms or 250,000 t/yr. The fam suction was
1,100 m w.g.

Typical wet sinter mix wass Ore (0 - 6 mm) 50 - 60 %

Lime and Limestone 2-3¢%
Gresulated 3P slag 24
uunﬂ. 1.0-1.5'4‘

Eenganese ore

(30 - 35 4 Mn) 1.0 = 1.5%
Return fine sinter

(0=6 mm) -4%
Charesal fines

Noisture 8-1¢




- 237 -

Ore, sised 6 t0 19 mm is used to pratect the pan grate bars. A
gosthite OTe, - 6 mm, from the company's Alegria mine has been
recently added to the sinter mix. This is a hydrous iron oxide
with 627 Pe and 10/ oombined water; it has a large grain sise
which gives greater psrmeability to the sinter mix so that sinter
output has risen from 250,000 t to 320,000 t/yr permitting a high
percentage of sinter in the blast furnace burden snd giving an
inorease in iron output and savings in charcoal.
A new, oontimious grete, lurgi sinter plant has been commissionsd
early in 1978. This has a total grate surface of 120 o and will
produos 1,000,000 t/yr. This permits the blast furnace burden
to be 100, sinter and all the arising oharcoal fines are being usea.

d. Blast Furnaces

Furnaces I, II and III are of the self-supporting type, &
variation of the European design. In furnace IV the stack is
independently supported from the hearth and bosh. All have steel
shells with external spray cooling.
The furnaces are charged hy vertical 7 m3 bucket hoists, Staehler
design, total charging cycle four minutes. They have single bell tops and
a fixed burden distribution device of simple design. -
Oxyger. enrichment of the blast and fuel oil injection through the

tuyeres is operated on ull four furnaces. Table XLI
TaTnace Characteristics Blast rurnaces Blast Furnace
] -1l -1II1 v
Production (t/24 h) 400 - 450 200 - 220
Hearth diameter - m 4,654 3,900
Working volume cubic m 214 164
Kumber of tuyeres 12 8
Number of cowper stoves k) 2
Heating surface sq.m. 4,834 4,677
Volume of blast cubic m/h 22,000 110000
Pressure of blast kg/sq.mm 0.65 0,40
Teaperature of blast 2 ¢ 830 = 850 700 - 750
Oxygen content of blast < 23 - 25 23 - 25




Tale XTI Ppmsse Wuens eed aedaciinily -
Blast Furnace | Sised Ore Fatural Sinter Producti-

Pellets vit
Fo. 19-31 mm 6~19 mm | 6 - 100 m t/-s/{ .
I-II-III 300 5% 45% 1.TT=1.96
w 2,03
Iv lw::: - - 1022"1.3‘

#) Froductivity
Rlast Purnaces I-II-III 1.7 = 1.96 without rescreening t/m>/d.

2,03 with "
Charcoal rates/t irom and x/t/] I
oil rate /t irm Fixed Carbon t/
Charcoal 0il .
Blast Purnace Cubic X X Charcoal 0il Total
I-1I-1II [* 2,%2 44 425 37 462
2.46
. o 2,55
v 2.% 40 432 32 464
1,11,III,IV 2,581 43 427 36 463

#») Average 1974

Slag volume 100 - 140 kg/t hot metal

Flue dust 25 kg/t hot metal.

Pig iron analysis:

Pe = 94-9%; C= 4.0 -4.3%; 8i=0.2-0.66; W« 0.3 - 0.66
P=0.,20f max.; $ = 0.012% without oil and 0.029% with oil.

Gas cleaning in primary dust catcher, followed Yty statiomary water
spray tower, Theissen digintegrator and de-humidifier. N
All the pig iron goes as hot metal to the LD steelmsking planmt.

o« Ftesimaking plant
Nonlevade has two steel plants:
i Pour 0il fired Siemens hartin furnaces of 42 t capacity each,
using cold pig irom and uprising sorap. The company is studying
the replacement of the open hearth furnaces by electric arc furmaces,

A




f.
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1977 production .¢..ccesveeeeas.230,000 t

The furnaces have basic (magnesite) roofs and regensrative checker
work chambers for preheating the combustion air.

ii, Two LD basic oxygen top blown vessels of 42 t each,

1977 production .........e..... 521,000 t

The Sabarfé plant supplies additiomal 60,000 t of steel.

All steel is poured into 3.5 t 5q moulds - bottom filled -

rolling mills,

Ingot soaking pit furnaces.

Ten gas fired furnaces. Several more to be installed
to increase heating ocapacity to ome million tons/year.

Roughing mills.
Twe two-high reversing aills, 1000 ma and 750 e dismpter.

Bloom sige: 120 x 120 mm.

Billet mill.

One comtinuous 3 stand mill for the rolling of 80 x 80 mm
billets for the Morgan rod mill.

Seai~contimuous wire rod and bar mill.

Sises: Bare and ocoils 6,5mm to 16 mm dismeter.
Capacity: 150,000 t/year. Production 1977: 130,000 t
Continuous wire Norgan rod mill.

Rod sises: 5,5 mm to 12,5mm diameter.

Capacity: 600,000 t/year

Froduction 1977: 550,000 t.

The oompany's wire drawing plant at Cidade Industrial,
the industrial oity in the vicinity of Belo Horisomte, produces
500,000 t/year of low, medium and high carbon wire prodmcts from
wire rod produced at the Nonlevade MNorgem Nill.

Company Amenities

The emplayees of the Nonlevade plant live in the tomm of the same
neme and in the surrounding smell communities. The population

of Monleveds is 40,000 people. The town has been totally built

YW the ocompany. It has several thousand houses, a hospital, church,




public Buildings, hotels, recreational facilities. B8ince 1960 most
of the houses have been sold to the emplayeses.

Cammercial and financial aspects of the compaxny.

Sales in 1976:
Tons
OOI‘Mm. TEEEREEEXEENE N NNR NN NN] “8’&5

“mm..o-ooo.oo...o.ooooo.oo...o u1'595
M 0000000 0000000000000 00000000 000 60'393
Cast iron Produots cceeeceocsesceese 39487

Tot‘l eeecesvvessses st . 673.” US' 270 -uliﬂ
m“ 'd“.wtx '.'.‘.."..".'."."'..."'u“ 4m/t
P!‘ofitl m.l' m“: ....-.....................U“ 65 -uliao

In 1976 a total of US$ 70 millions have been reinvested in om
and subsidiary plsut equipment and in forestry activities.

Zimares .

28 - General layout of blast furnaces and steel shops
29 - Charcoal storing place

30 + 31 - Charcoal storing and regulating depot (2 figures)
32 - Charcoal soreeming

LX) - Charcoal screen house

3 -~ Schematic arrangement of blast furnace charging
35 - Blast furnace 1

36 + 37 - Blast furnace (2 figures).
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COMPANHIA SIDERURGICA BELGO MINEIRA MONLEVADE PLANT.

CHARCOAL STORING PLACEL.
Pigure 29 CAPACITY: 240.000M3.
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. TRUCK TIPPING AND BAG UNLOADING STATION. .
OVERHEAD CABLEWAY ARRIVAL AND LEAVING STATION.

MAIN DISTRIBUTION BELT CONVEYOR.

UNLOADING BELT CONVEYOR.

TRAVELLING CRANES FOR CHARCOAL DISTRIBUTION.

CHARCOAL TRIPPERS.

CHARCOAL STORAGE PLACE: TEN RESERVOIRS ON EACH SIOE.

MAIN CHARCOAL BELT CONVEYOR. TO CABLEWAY il

GELT CONVEYOR CROSSING PIRACICABA RVER.

SepNppIpp

-l

RALWAY UNLOADING STATION AND BINS .
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COMPANHIA SIDERURGICA BELGO MINEIRA - MONLEVADE PLANT.

CHARCOAL SCREEN HOUSE. CUT A:8.

Figure 33
# —
— =
| —— 4 !
-— ";”’

r

» 8

pravay

- |

CHARCOAL BIN.
CONVEYOR.

Nepren -

KRUPP DOUBLE DECK SCREENS.

CHARCOAL FINES, 8 MM, CONVEYOR.
CHARCOAL, 8 TO 15 MM, CONVEYOR TO BLAST FURNACE BINS.
CHARCOAL, 16 TO 50 MM, CONVEYOR TO BLAST FURNACE BINS.

CHARCOAL CABLEWAY ! COMING FROM STORING PLACE.
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COMPANHIA SIDERURGICA BELGO MINEIRA-MONLEVADE PLANT
SCHEMATIC ARRANGEMENT OF BLAST FURNACE CHARGING

Pigure 34

1. Blast Furnaos. '
2. Charcoal Bins for fine Charcosl: 10-15 mm.
Volume per Furnace: 728 m*
3. Charcoal Bins for coarse Charcosi: 18-80 mm.
Volume per Furnace: 24680 m?
] ) 4. Charocos! Belt Conveyors
8. W id W

lo. id Id id \d e W d
11. iron Ore and Sinter Bine
(™) _ 12. Bin discharging Devices

= |
o Nell® @@@

8 \ 5 13. iron Ore and Sinter Soreens
' 4. Scale
15 Charging Buoket
@/ 9 Oponbn?ulpﬂ
r . 1. wmmmmmamm
'\ 18. id id d i
\ 9. ld id




BLAST FURNACE |
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Pigure 35

1. SINTER AND IRON ORE BIN.
2. CHARGING PIT WITH BUCKET.
3. CHARCOAL BIN.

8. GAS DESINTEGRATOR.

4. “COWPER" STOVE.
8. BLAST FURNACE.

6. DUST CATCHER.
7. GAS WASHER.
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COMPANA SIDERURGICA BELSO MINEIRA
PLANT JOAD MOMLEVADE
BLAST FURNACE
Pigure 36
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(v) Compenhis Agos Bspeciais Itabiras (ACESITA)
(1) Introductiom

The company was established in 1944 in order to supply the
growing needs of the oountry in special steels by means of an
integrated steel plant based on charcoal. The plant location was
chosen at the right bank of the Piracicaba River, 16 km from its merger
with the Rio Doce. The location (on the Vitoria Minas reilwav) has
electric potential on the Piracicaba river, and larwe forest reserves
in the plant vicinity for charcoal manufacture and a large flat
area for the plant development. There were initial difficulties due to
the problems of building a steel plant in a totally undsrdevelcped
region. These difficulties were overcome and at present the company
has a favourable position as one of the major Bragilisn suppliers
of special steels.

The company operations have contir.iously expanded since the first
operation of the blast furnace (200t/day) in 1949 and the steel
production in 1976 was 293,000 t. A new 900 t/dsy blast furnace
is coming into productiom in 1978.

i) Chaoosl Swpely

(1) 8ince 1974 a wiol]y owned subsidiary comjany FLORESTAL ACESITA,
is in chargs of the charcoal supply to the steel works and of the
forestry activities. The company's aim is to become self-sufficient,
in a few years, in charcoal manmufacturs. 25 million eucalyptus irees
per year are planted, on an area of 15,000 ba.

All the charcosl is produced in beshive brick kilns. Charceal
physical and chemical characteristics are similar to those of
Delgo Mimeire.

Charooal arrives at the plant ty rail and road iruck. Charcoal

is unloaded at the plant in a coversd depot with four individual
cells for the purposs of storing and blemding differemt moisture
contenrts.



The present storage capacity of 75,000 13 ie being inoreased
Yy 80,000 -3 in & new depot on the plant periphery.
Charcoal is discharged through gates located at the bottom of the
depot on two belt conveyors travelling beneath the depot and
delivering the charcoal to the blaet furnace bins.
Charcoal is soreened into 3 sizes:
Coarse charcoal +19 ma for blast furnace

Fine

oharcoal -19 mm +12,5 ma for the low shaft reduotion furmeoces.
Breese: -12.5 mm for einter plant

(11i) Irom Oye

In 1974 a subsidiary ocompany ITAVALE has been founded in
equal ehares with CIA. VALE DO RIO DOCE for the operation of a
part of the oompany owned mines in Itabirs with reserves of 340
million tone,

The ore is a compact hematite.

j 67695
8i0 0,5-13
A120, 0,6-0,8%
P& 0,1008

It ie transported to the plant, 90 loms, Yy rail in 50 ten
wagons with bottom discharging.
The ore is eoreened at the plant into three sises
+ 30 ma for blast furnace

-~ 30mm + 10 s for blaet furnace and low ehaft
reduction furnaces 1

- 10 mm for the sinter plant. |
A powdery hematite iron ore (similar in oomposition to the compact |
hematite) ie mined at the oompany owned Baratinha mine and transported )
22 Jms to the plant Yy trucks and rail. It is all -10 sm and used
sxclusively om the einter plant. T



- 283 -

(1v) Sigter plapt
This is a pan type sinter plant with ome pam of 14 w2 ares '
and s yearly production of 180,000 t. Self fluxing sinter is made
with £33 retio 1.2 - 1.30. Charcoal fines -6 me are used ae
fuel. e sinter is screened at 8 mm and the -8 mm used in the
mix as return fines.

(v) Blpst istics

Production t/24/hr 460

Hearth dismeter = 4.70

Working volume =° 293 3anuonv1ty 1.57¢/day/
Fumber of tuyeres 12 Working Volume
Fumber of stoves 3

Heating surfece m¢ 45400
" Volume of blast m3/hr 25,500

Fressure of blast kg/om? .07

Temperature of blast 800°¢c )

(vi) Pyrmace Burden

Hematite ore 600 kg/t iron
Sinter 860 kg/t
Dolomite 42 kg/t Quarts 65 kg/t
Charcoal rate 2.85 w2 /4
Slag volume 150 kg/t

Hot metal analysis
Po 94-9%Ca 4~4.54; Si = 0.3-0.5%; Mo = 0.4-0.6%; F =0.050.20%;
l‘ = 0-&“ mc

Blast furaace gas productiom. 46,000 Fa/br at 900-1000 Koal fim3 .
Gonsuaption 14,000 Bad/hr for stove heating, resainder used for

soaking pits, rolling mill reheating furnaces and boilers. Gas cleaning
dust oollectors followed Yy spray tower, Theissem digintegrator and
dehumidifier., Casometer - with pressure regulated at 300mm w.g.



(vi1) Elsctyic Low Shaft Redgotiop Fypgce
Type Tysland - hole.
Production 160 t/day
Conical shaped hearth diameter Bottom 7.90 a
Top 9.40 =
Height 4.20 m
Electrode diameter 1,250 m
Power consumption 2,100 kih/t Transformer capacity 17,500 KVA
Fixed carbon rate 300 kg/t (charcoal used)

eotric reduction furnace for FeSi tiom
Power capacity 4,000 KVA three phase. _

(vii1) Steelmeking plapt
Three electric arc furnaces of 8, 26 snd X0 ¢ capacity., Total
production 115,000 t/yr. 3.5 - 4.5 hours tap %o tap time.
Oxygen consumption - 15 Be3/t ingot steel
Power consumption 600 kih/t ingot steel.

1 LD axygen top blomm 30 t vessel

Production 135,000 t/yr - tap tc tap time 50 minutes

Oxygen consumption 50 3/t ingot steel.

1 Bessemer bottom air blown 70 t vessel.

Operates omly when LD vessel is re-=lined

All steel poured intc 2.6 t square ingot moulds - bottom filled.

Rolling mills

Soaking pits

as Reotric heated, individual cell furmeces four times 10 ocells,
Ingot capacity 80.

», 0Oss fired sceking pits.
Ingot capacity: 48

Roughing mills

a. One,two high, one stand, reversing aill.

. One,two high, 3} stands, reversing aill for the rolling of sheet
bars, billets and rounds.
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Break down aill with one stand, 3-high,

PFinishing mill, 4 stands 3-high,

Small bar mills, consisting of:

Break down aill, two stands, 3-high,

Pinighing mill, two high, 6 stands,

Sheet mills, oonsisting of:

& O(ne three high, one stand mill for the rolling of sheet bars,

b One, two high, one stand mechanised reversing mill for peck
rolling of sheets.

Ce O(ne manual mill, 3-high, 3 stands,

de Ome finishing mill, 2-high, 2 stande,

Finishing departaent:

The manufacture of special and allqy steels requires complete
conditioning of the semi-finished products and a rigourous quality
control of the finished products. The ACESITA departaent in charge
of this activity is well equipped in machines and trained persomnel.
Stainless cold rolling departaent.

In 1977 the company started production of cold rolled stainless
* steel sheets 1,200 mm wide, starting initially from imported hot
coils. The production will soon be integrated after erection of two
sladb casters and one Steckel hot strip mill,

(1x) Cospany Amenitiss
A oomfortable and well designed city of 33.000 pecple, has been

tuilt by the oompany on the bank of the Pirscicaba River and offering

all community facilities. Total plant persomnel 5,000; Head office
and sales staff 480.

(x) Commsrcial snd fimencial aspects:

1976 figures: Sales: 185,000 toms
Value US$ 100 millioms
per 13 Us$ 540

Q - Present Layout amd Puture Lpansien

39 - Pluzogrem for 240,000 t/yr imget stesl
40 = Blast Purnace



ACESITA STEEL WORKS, MINAS GERAIS, BRAZL.
PFRESENT SITUATION AND EXPANSION TO | MILLION TONS
STEEL MeOTS.

Figure 38
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i

ACESITA
BLAST FURNACE
Figure 40

COMPANHIA DE AGOS ESPECIAIS ITABIRA




(c)  Companhis Ferro Brasileiro (CFB)(plant José Brandio)

(i) Introductiom
The company was established in 1925 and in 1937 started making

centrifugally spun iron pipes. Today, it is one of the two largest
manufacturers of iron pipe.

The plant was founded on an agreeabls, ocool, site 44 km east
of Belo Horizonte at Caeté, a town located on the Central Bragil
Railway.

Production has expanded continuously and today, the company
operates three blast furnaces of total capacity 160,000 tons/yr
making nodular and rrey centrifugally oast pipe in a fully meohanised
plant.

(ii) Charcoal supply
From the beginning, the management was oonvinoed that man made

fores®s were essential for its charcoal needs. The forestation was
therefore started many years ago, financed partly from tax incentives
btut majorly from the company's own resources.
Present yearly reforestation 1,400 ha,
The company uses 410,000 o> of charcoal/yr of which 30 % is produced
ty a subsidiary company "Rual Mineira" and 70% is purchased from
private manufacturers who use wood half coming from naturally re-
grown forests and helf from bush forests.
By 1995 the company expects to be 1004 self—sufficient in charcoal
production from eucalyptus wood. All charcoal is produced in beshive
kilns. Charcoal physical and ohemioal characteristice are similar
to those of Belgo-Mineira.
On arrivael at the plant the charcoal is screened into three sises,
Coarse +25 mm (757 of total)
Fine -25 mm + 9 mm (255 of total)
and Breese, -5 mm, which is used as sintering fuel and for boiler fuel
after pulveriging.
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(111) Irom oye
Similar characteristics to that used by Belgo-Mineira and

Acesita.

(iv) Sinter plant
Pan type machine, two pans, production 100,000 /yr.

(v) Blgst fumnaces - three furnaces — belt conveyor charging with rotary
top burden distribution devices. Shell cooling by water spray on

lower third of bosh and downwards.

Production t/day 100/140/250
Productivity t/day/m3 working volume 0.8 - 1.0
Tuyeres - diameters - mm 70 and 30
Number of stoves/furnaces 3
Heating surface m? 8,300
Blast temperature I and II 500 - 600°C
II1 700 - 800%
Blast volume I and II l3/hr 26,000
III n3/m-. 35,400
‘Blast pressure-1000 mn w.g. 2.5, 8.0 and 10.0

(vi) Murriace burden

Sinter plus ore 1400 - 1500 kg/t iron

Limestane 50 - 60 kg/t irom
Quarts 60 - 70 kg/t irom
Uprising scrap 40 kg/t iron (cocasionally up %o 400 kg/t)
Charcosl rate 3.4-3.7 @/t irem

Hot letal Analysis

Si = 1.5 - 1.85; Mn = 0.35 - 0.455; C = 4.15 - 4.257%; 8 = ,025% max.
§lag Analysis

810, = 40-43%; Ca0 = 27-30 %3 N0, = 13~15 %.

Hot metal is poured into two not metal mixers, 60 and 120 t cspacity.
capacity. A continuous pig casting machine is also used.
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(vii) Powdries

Grey iron and nodular iron for high and low pressure,
water, gas, 0il, etc, pipe in dismsters from 50 mm to 900 mm
Two production lines — 3 m long pipe (50 mm to 150 mm dia.) and six
m long pipe (200 mm to 900 mm dia.)
8ix m pipe production line includes one oanal type induction heated

furnace of 40 - 60 ton capacity and one crucible type. These
furnaces rermit the addition of uprising scrap and allqys to

puccessive casts and smooth out irregularities of temperature and
chemical analysis of hot metal.

Five oentrifugal casting machines and an annealing fumace.
Froduction capacity 125,000 t/yr.

Three m pipe production line includes 6/15 t canal type induction
heating furnace which receives hot metal from blast furnace or from
two seven-ion oupola melting furnaces.

Five oentrifugal oasting machines, Production ospacity 45,000 t/yr
In addition, the company has a large foundry for comventional

iron castings from 20 to 15,000 kg each, Production capacity
18,000 t/yr, '

(viii) Company Amenities

The oompany has btuilt a complete city with 800 houses and all
community facilities wuch as hospital, church, high and professional
schools, etc. - Total oompany persommel 2,400.

(ix) Commercial sspects

Sales 1976 - 88,500 tons
uss - 51, 000, 000
per tom - usg 575

Frofits afier taxes US$ 10,000,000

Figures
41 = (Usneral layout of blast furnaoces
42 - Blast furnaces 1, 2 and 3
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()  cDETAL Sidsrursice

(1) Introduction

CDMETAL is the largest Brasilian nom-integrated producer
of pig iron (400,000 t/yr). The oompany also owns a small
integrated steelworks (formerly Cia. Siderurgia Hime) now being
modernised and expanded to 240,000 t/yr of orude steel production.
The oompany has three pig iron plants.
Sete Lagods - Minas Gerais -~ three blast furnaces
Itauna - Minas Gerais - seven blast furnaces
Neiva - Espirito Santo -~ two blast furnaces
Flus the integrated steelworks at Barao de Coca is with two
blast furnaces, a third one btuilding, and an LD plant unde+
construction.
The company designs and builds all its own charcoal blast furmace
plants based entirely om their own kmow-how and experience.

(ii) Tescription of Sete Lagoas Plant.

It is located near the city of Sete lagoas 70 lkms north west of
Belo Horigonte on the highway to Brasilia. It has no rail comection
and all raw materials and products are moved Ly road trucks.

(1i1) charcoal Supply
The company maintains offioces in different regions of the

State of Minas Gerais for the purchase of charcoal from local
producers.

Charcoal is transported bty 30-60 m3 trucks and 80 m) trailers for
distances of 200 to 600 km. Most is loaded in bags which must be
samally unloaded at the plant. The vclume of charcoal is ohecked
ty unloading the bags into a measuring wagon of 3 cubic m volume.
Charooal is stored in two depots, one of 8,00&3 capacity near
blast furmaces 1 and 2 and a second of 17,280 = oapacity near
blast furmace 3. The larger storage depot is divided into five
equal ocoapartments and each subdivided into three oells of 1,152 l3.




These cells can be individually isolated iv case of fire. QOrest
oare is taken for fire protection. Thers are indspemdent truck
wnloading stations.

From the depots charcoal is manually transported to a small bdin
and then Wy belt ocomveyor to charcoal soreens. The charcoal is
hend picked on the belt to remove uncharred wood and charooal
larger than 150 mm. The charcoal is screemed into three sises.

Coarse + 30mm

Fine - 30+ m

Breese - 6mm - 514 15 % of total output.
(iv) Irep ore

Hematite iron ore is purchased from independent mines
situated 100 km from the plant. Transport is by irucks. The
ore is supplied crushed and saresned in two sises and washed. The
ore is re-screened at 6 mm before charging into the blast furnaces.

Fines - 6 mm amount to 3-5%. In the future these will be used
in a sinter plant.

Ore analysis is:
foarse 13-32 am -~ Fe = ,:.:sm2 -2.9:411203 = 1.7%F = 0.032°.
ine  6-13 mo - Fe = 65£3840, -2.4;4;"1203 - 1.203F = 0.0327,

Froportion of fines to coarse is 2:1.
(v) Blast furnaces

Total production 175,000 t/yr of pig iron for steelmaking
and foundries.

Furnaces are fitted with doudble bells charged with' "Stashler”
type bucket hoists. Each bucket oontains a oomplete mized charge

with ore on the bottom and oharoocal om top. Murnace No. 1 has &
1 =3 bucket and Nos. 2 and 3 2 2 m> bucket.
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Charscteristics

Froduction t/day 80
Hearth diameter ®
Working volume w3 16
Number of tuyeres 4
Diameter of tuyeres mm 90
"Glendon® recuperators /furnace 2

Blast volume al/hr 6,000
Blast teaperature 450-550°C
Blast pressure 1000 ma w.g. 5

Furnace Burden

Iron ore 1,69 kg/t iron
Limestone 70 kg/t iron
Quarts 40 kg/t irom
Charcoal rate 3.3 13/1 iron

Fower oonsumption 70 Xwh/t
Slag volume for foundry iron - 100-140 kg/t
for steel grade - 190-200 kg/t

(vi) Ges clesping epd pig iroy cesting

Cyclone type dust oatohers. FPart of gas is used in the "Glendon"
recuperators and for drying hot metal sand rummers. The remainder is
burnt to wasts.

After tapping the iron is poured into a covered tilting type, oil heated
ladle supported on a travelling orane. In the ladle the hot metal
becomes mors homogenous. From the ladle it is oast on a oircular pig
casting sachine.

(vii) Commercigligstion
The plant emplays 300 people and an important part of the
production is exported to Burope and latin American oountries.

%m- Layout of blast furnace

= General layout of blast furnace
45 - Blast furnace
46 = Fluxogras

:8 - Glendon air heaters (two figures)
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6, SOURCES OF KNOW-HOW AND TECHNOLOGY

In the course of several decades Brazil bas created an efficient,
reliable and unsophisticated metallurgical technology for oharooal iron
and steel plants and al) co-related activities. This technological
experience is well adapted to local Brazilian conditions and has reached
a reasonable degree of perfection. New operational ideas and innovations
are continuously being adopted.

Bragil is thus able to make its metallurgical know-how in charooal
based iron and sisel plants available to other countries.

The following servioces and equipment can be supplied:

Technical consul tancy.

Planning, engineering and design of charcoal dblast furnaces
and related activities in the fields of mining, charcoal
manufacture, reforestation, sintering, etc.

.Construction of equipment for iron and steel plants and their
related activities.

Erection and commissioning of the plants.

Training of local personne: in Brazil and in the destination
country.

Efficient and reliable transfer of metallurgical know-how is guaranteed
to developing countries through associations or co-operation between
Bragilian charooal based iron and steel companies, enginsering firms
and manuracturers of metallurgioal equipment. This aspect is most
important for the training of tecunical personnel and the starti-up period
of a new plant and its initial operation.
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ZILIAN CONPANIES ABLE TO SUPPLY KNOW-HOW AND
PMENT POR CHARCOAL BASED IRON AND STEEL
PLANTS

(1) An association of the three oompanies: USIMEC-CINETAL~-TENENGE

for planning, engineering, erection and export of charcoal iron and

steel plants and direct reduction plantis; the latter for yearly capacities
of up to 600.000 tons of sponge iron.

(a) USIMEC - Usiminas Mecanicas S.A., Belo Horigonte
A wholly owned subsidiary of Usiminas, Usinas Metalurgicas Minas
Gerais. Usiminas is a state owned, Siderbras holding, coke based iron
and steel oompany.

Type of activities:

- basic and detailed engineering
- supply of equipment
Engineering officesz in Belo Horisonte.
Mechanical shops for construction of heavy stesl mill equipment,
located at Ipatinga, Minas Cerais, 210 km East of Belo Horisonte. Short

term association with several internationally famous foreign oompanies
for acquisition and transfer to Brazil for most advanced technology.

Types of equipment: Industrial steel buildings, steel bridges,
grate type sinter plants, basic oxygen steel shops, complete coke and
sharcoal blast furnace plants, continuous casting machines, rolling mills
for flat products, sheet and strip finishing lines.

Work force: Engineering: GCraduate engineers: 150.
Technicians and draftsmen 250.
Nechanical shops: 2000 employees. ‘

Some projects executed: Orate-type sinter plant 180 sq. meters,
coke breese fuelled, for Usiminas. Charcoal blast furnace, 900 tons/day
nominal capacity, for Acesita (now being erected).Hot metal mixer, 1,000 tons
capacity, for Belgo Nineira. Basic oxygen vessel, 70 tons capacity
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for Usiminas. Basic oxygen steel plant for Cimetal plant, with 20 tons
capacity vessel (in execution). Shell of electric low shaft furnace for
Mannesmann plant. Slab oontimuous casting machine for Cosipa plant

(Siderbras Holding), Billet oontimous oaster for Cimetal plant (in

execution)
large projects now being executed:

Basic oxygen steel shop for Aoominas, state—owned, Siderbras
oontrolled ocoke-based iron and steel works, under construction at Ouro
Branoo, 80 km south—east from Belo Horisonte.

(b) CIMETAL - Cimetal Siderurgis, Belo Horisonte

Largest Bragilian produoer and exporter of foundry pig iron with
12 blast furnaces, also one charooal based iron and steel plant which is
being expanded. Large experience, good performance own know-how in
projecting, erecting and operating charocoal blast furnaces.

Type of services which can be offered: feasibility studies,
technical assistance in ocharccal mamifacture, forestiry activities,
charooal blast furnace projects and operation. Training of personnel.
Start up operation.

References: has projected and built most of its own blast furnaoce
plants.

(c) TENENGE - Tecnica Nacional de Engenharia S.A. Sao Paulo

Engineering ocompany.

Activities: civil works, plant erection.

Some references: Studies and project for charocal iron and steel
plant "ACEPAR", Aceros del Paragusy, close to Asuncidn, capital of
Paraguay. Plant capacity - 100,000 tons/year. Research, studies and
projects for direct reduction plant in South Bragil, 600,000 tons/year
nominal capacity, to use reducing gases obtained from gasification of
Bragilian coal with high ash and sulphur oontent. Construction of several
hydro-electric plants.

(2) A co—operstion between Companbia Siderurgics Belgo Nineirs and Paul
Wurth, Luxembourg, for the planning, engineering, export, erection and
start-up of charcoal based iron and steel plants and foundries.
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(a) Companhia Siderurgica Belgo Mineira

Oldest and largest charcoal based iron and steel company in Bragil
and in South America. Great experience, proven performance and own know-how
in the design, oonstruction and operation of charcoal blast furnaces plants
and all activities related to charooal iron and stesl production.

(1) Mamufacture of charcoal:

Own production 700,000 cubic m.

Being expanded to 1,800,000 cubic =m.
(1i) Reforestation:

Total planted until 1976 120,000 ha

Present yearly plantation 12,000 ha

(20 million trees)

(ii1) pig iron production:

Present production _ 600,000 tons/year
Being expanded to 750,000 tons /year
(iv) Steel production:
Present production 800,000 tons/year
Being gradually expanded to 1,000,000 tons/year .

Basic oxygen, open hearth, being changed in the futurs to
sleotric arc furmaces.
(v) Iron foundry:
Present production 15,000 tons /year
Being expanded to 30,000 tons.

Servioes which can be offered comprise:

Consul tancy, planning, transfer of know-how and teohnology, plant
start-up, training of persomnel in its Brazilian plants and /for abroad, in
all the above mentioned activities from ‘i) to (v).

(b) Paul Wurth, Grand Duchy of Luxembourg

Engineering and construction company of iron and steel mill equipment,
since 1870. Belongs to the Arbed group, Luxembourg. Headquarters and
mechaniosl construction shops in Luxembourg. Work force: 200 graduate
engineers, 600 technicians and employess. A Bragilian subsidiary in Belo
Horizonte since 1976.

Co-operation with COBRAPI for projecting, engineering and supplying
charcoal blast furnaoce plants for Latin America (1977). MNany years
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specialised in projecting, building and modifying oomplete charcoal
and coke blast furnaoce plants.

Inventors of a universally known patented bell less Liast furmace
top and with a oontimuous charging devioe.

Some referenoces:

Built and modified in 1935, 1936 and 1956 in olose co-operation
with Belgo-Mineira, several charooal blast furnaces for the same company
and for other Bragilian oompanies.

Now projecting (1977) for Belgo Mineira, and in olose oo—operation
with this company, a charoocal blast furnace of 800 tons/day nominal ocapacity.

Coke blast furnaces: projeoted, built and modified most blast
furnaces in Belgium and Luxembourg and many furnaces in other parts of
the world.

Services which can be offered: PFeasibility studies, engineering and
supply upto after commissioning of complete charcoal blast furnace plants.

(3) Com a Acos Especiais Itabira (ACESI™) - Belo Horisonte

One of the largest Brazilian charooal based iron and steel companies,
producing special steels including alloy billets and bars, stainless and
silioon flat products, castings and (through a subsidiary company) drop
forgings.

Reforestation - 110,000 ha planted in sucalyptus.
Pig iron production - 200,000 tons/year being expanded to 500,000
tons /year.

Raw steel production - 300,000 tons/year being expanded to 600,000
tons /year.

Facilities - blast furnace, eleotric reduction furnaoce, melt shop with
LD, electric, vacuum and argon oxygen refining. Slab oasters, blooming
and billet mills, bar mills, steckel hot sirip mill, Sendzimir mills for
silicon and stainless oold rolling, steel and iron jobbing foundry.

A large engineering group with 1,000 employees,of waich 275 engineers,
wvas formed to manage the expansion programme and is now availadble for the
sale of servioes.
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Types of ssrvioss which can be offered:

Technical oonsul tancy, f.glibility studies and basio engineering
for reforestation, charcoal production, charccal bdased iron making, melt
shops, rolling mills, foundries and forging shops. Co-ordination and
detail design. Procurement. Construction project management. Commissioning.
Training of personnel in the oompany's plantis.

(4) %gagia Brasilsira de Projetos Industriais ( COPRAPI)

Brazilian oompany for industrial projects

An engineering company, subsidiary of "Companhia Siderurgics Nacional"
(National Steel Company), Govermment owned steel company, Siderbras holding.
Founded in 1963. Five engineering offices with 250 graduate engineers and
750 technicians and employees. Offices in: Volta Redonda, State of Rio de
Janeiro, where steel works are located, in Sao Paulo, Rio de Janeiro , Belo
Horisonts, Victoria.

Types of activities: industrial projects, studies, basic and detail
engineering of iron ore mines, blast furnace and steel plants. Reoent
particular interest in mini steel mills. Sinoe 1977 co-operation with
Paul Wurth for planning and engineering charocal blast furnace plants for
Latin America.

Some servioes executed:

Detailing of charocal fines fuelled contimucus grate, Lurgi design
and equipped sinter plant for Belgo Mineira, 1,000,000 tons per year nominal
capacity.

Detailing of charcoal blast furnace of 800 tons/day nominal capacity,
Paul Wurth design for Belgo Mineira.

Studies for a 500 tons/day capacity charcoal blast furnace for
another Bragilian customer.

Studies for increase of efficiency of Siderama, Manaus, charcoal
based iron and steel works, now Siderbdras Holding, projsct includes:
production of charcoal, forestry activities, mining, sintsr plant. Studies
for a "Babagu" industrial project in the Stats of Maranhao for ths
production of o0il, charcoal, and by-produots.




(5) Montec - Belo Horigonte

Subsidiary of Magnesita S.A., largest Brasilian and South American
mamufacturer of refractories.

An engineering, construction and erection oompany of industrial
furnaoes for the iron and steel industry. Equipment for transportation,
treating and storing of minerale. Builder of steel buildings.
Mechanical shops for construction of charcoal blast furnace shells,
stoves and their auxiliaries, industrial furnaoes and their auxiliaries.

Types of services and equipment availadble for charooal based iron
and steel plants: Projects, studies, basic and detail engineering of
charooal blast furnaces, stoves, industrial furnaoces. Construction and
erection of suoh equipment and their refraotory linings. Start-up of
oharcoal based blast furnace plants and training of personnel with the
aid of associated Bragilian oharooal blast furnaoe ocompanies.

Some services executed: Change of design of the refractory lining
of a ooke fired blast furnace to oharcoal. Projects for supply of speoial
basic refractory for the hearth of electric reduotion furnaces. Various
studies for refractory linings of small and medium sised Bragilian oharooal
blast furnaces. Projects for refraotory linings of the two largest charooal
blast furnaces presently being built for Acesita and Belgo Mineira.
Calculations and studies of new and modified blast furnace stoves.

(6) Demag Industrisl Equipments

Subsidiary of Demag, Fed., Rep., of Germany (FRG), which is affiliated to

Mannesmann, FRG and also to Siderurgioa Mannesmann, Barreiro, Belo Horisonte.
Established in Brazil sinoe 1976. Plant located at Vespasiano, 20 km.

north~west of Belo Horisgonte. Demag is an engineering, oonstruotion

and erection oompany of the following equipment : blast furnace plants,
blowers, electric low shaft reduction furnaoces, basic oxygen and eleotric
arc steel plants, oontimuous casting maohines, rolling mills, pipe
manufacturing machines, travelling oranes, steel buildings, foundry plants.

Types -of servioces which can bs offered: engineering, oonstruotion,
srection of complete iron and steel plants.

References: DBOF vessel 75 tons dSapeoity for new steel plant for
Nannesmann, Barreiro, Belo Horisonte.
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(7) Krupp - Industrial Equipment Namufacturer

Subsidiary of Krupp, OJermany. Plant located at Betim, 15 lm
west from Belo Horisonte. Mounded - 1975.

Construction of oomplste iron and steel mill equipment and their
ereotion. Nining, treatment of minerale and their transportation and
storing.

Types of services which oan be offered: engineering and construction
of installations for: mining, orushing, soreening, transportation of
iron ores, blast furnace plants, basic oxygen and elsctric arc stesl plants,
rotary kilns for the produotion of sponge iron, rolling mills. Soms
refsrences: parts of Lurgi grate type sinter plant for Belgo Mineirs,
steel ladles.

(8) Pohlig Heckel do Brasil

Subeidiary of Pohlig Heckel - Bleichert, Federal Republic of Germany
and Arbed Group, Lurxembourg. Relationship with Belgo Mineira, Brazil.

Plant located at Cidade Industrial, Belo Horizonte. Since 1955.
Engineering and construction oompany specialized in transportation and
handling equipmente for all kinds of materials.

Types of servioes and squipment which can be offsred: projects,
engineering and equipment for: +travelling oranee, blast furnace shslls
and charging hoists, steel buildings, {ransportation, handling and storing
of charooal, iron ores, minerals. Iron foundry ocupolas and foundry equipment.

Some servicee executsd: equipment for charcoal storing, treating
and handling at the Monlsvade plant. Equipment for blast furnace burden
preparation at the same plant. Charcoal aerial cable oonveyor, 50 km
long, at Monlevade plant. Equipment at various Bragilian eea ports for
handling of iron ores and loading of ships at Vitoria and other ports. ‘
Treatment and transportation equipment of ores at various large Brasilian
iron ore minss.

(9) Sohenck do Brasil

Subsidiary of Schenck, Federal Republio of Germany,

Plant: Sao Paulo. Builders of equipment for transportation,
"measuring and weighing of raw materials and othsr produots in iron and
steel mills

Some services executsd: The supply of iron ore and ginter soresens
and soalee to many Bragilian steel planta.
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(10) %*MM&&M%
somcnte industr equipment and ereotion).
Founded 1963. Sinoced 1974: wajority of shares bty Salasgitter

Oroup, Federal Republio of Gurmany. Factories: Cidade Industrial,
Contagem, Belo Horisonte, Imploysee: 2,000,

Aotivities: engineering, oongtruotion, ereotion of stesl buildings
and equipment for mining, iron and steel plante, petrochemical and chemical
industriee.

Mining: special oranss, stackere, reolaimers.

Iron and steel industry: special travelling cranes, hot blast
stoves for blast furnaces, torpedo ladle cars, blast furnace gas lines
and holders, liquid fuel lines, tanks and distribution systems.

Some servioces executed: detailing of projects, building and erection
of steel buildings, ereotion of equipment for einter plants, blast furnaces,
baeic oxygen shops, forges for eeveral Bragsilian charooal and ooke based
steel works.

(11)

Subsidiary of Mitsubishi group, Japan. PFounded in 1955.

Factories: (a) Varginha, State of Minas Gerais, 300 km south west of
Belo Horisonte

(b) Jundiai, State of SamauPaulo, 100 km north of
Sao Paulo. Largest faotory in Latin Americs for the construction of
bolilers and other heavy equipment.

An engineering and mamufaoturing company of squipment for: mining
industry, crushing mille.

Iron and etesl industry: einter plants, dlast furnaces, steel
shops, iron and eteel ladles, torpedo cars, gas holders, reheating furnaces,
auxiliary equipment for hot and oold rolling mills.

Chemical and petrochemioal industries.

Hydro-sleotric and thermo—~electic power plants.
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(12) Mecanioa Peeads (Heavy Mechanical Induetries)

Subsidiary cf Schneider Group, Franoe. PFounded in 1954.
Pactory: Taubaté, State of Sao Paulc, 125 ka north-east of the
etate capital, Technclogical assistance by Creueot Loire Group, Franca.

An sngineering and manufacturing company cf heavy machinery for
all basic industriss, principally the iron and steel industry,.

Typee of services vhich can bo cffered: sinter plante, mixers,
iron and steel, ladlee, tcrpedo cars, ingot care, rolling mille,
travelling cranes, basic oxygen vessele, job work,

Some services executed: 200 tcne/day charcoal blast furnace for
Ferro Brasileiro. Three hot metal mixsre for "Barbara™ State of Rio
de Janeiro, 120 tcns hot metal mixer for Ferro Brasileiro, Varioue
eteel mill equipment for Brasilian Charccal and coke based iron and

steslworke,

(13) Nipoocn (Nippon Steel - Confab)

An aseociation, since 1978, between iwo companies.

CONFAB INDUSTRIAL (majority ehare holding), an important Bresilian
manufacturer of large diameter welded pipe, steel vessels and maochinery
for basic industry. Several factories in the region of Sso Paulo.

NIPPON STEEL CORPORATION, largeet steel producer in the world and

() impo_rta.nt manufacturer of heavy machinery.

The asscciation represenis the teohnologioal experisnce and know-how

of Nippcn Steel and the manufacturing facilitiee of Confad, Nipocon is
an engineering and manufacturing company cf squipment for the iron and
stesl industry. The company also undertakes erection.

Typee of serviose which oan be cffered:

Planning, projecting, construction cf new and modification of
existing plants: ccke ovens, fixsd and mobile hot metal mixers, BOF
vessels, rolling mille, soaking pite, reheating furnaces, heat treaiment

furnaces, sheet, strip and pipe processing lines, equipment for pollutiem

control,
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(14) Other neer C of N

In the middle sised towns situated weet and north weet of Belo
Horisonte, a region where most of the independent non-integrated bdlast
furnace plants are located, there exiet several small, moetly family
owned oompanies, specialised in projeoting and oconstruoting small and
medium sised charcoal blaet furnmsoe plants. MNost of the existing bdlast
furnacee in this region have been constructed by these companies in their
loocal mechanical shops and foundries. Some examples:

(a) Siderurgica Itatiaia, City of Itsuna, Minas Gerais. The
company operates ihree charcoal blast furnace plants. Is
the inventor of a device for oontimuous running of hot metal
for charcoal and coke blast furnaces which it has patented
in Brasil, Venesuela and France. MNore than 30 blast furnaces

in Brasil have been equipped with this devioe.

(v) Engineering office Glauco Machado de Canvalho, City of
Itauna. Specialised in projecting and engineering of
charooal blaet furnaces, up to 200 tons/day capscity.

(c) Mechanical shops and foundries with experience in the .

oconstruotion of oharcoal blaet furnaces.

Ofioina Meoanics Freitas (mechanical shops), 1 una

Ofioina Meoanioa Santa Rita ( " " ), Itauna

Delp-Engenharia Mecanice, Cidade Industrial, Belo Horisonte,

Charooal handling and storing, supplier to Cimetal.
References of all these oompanies: several blast furnaces built and
operating in the region.

(15) oOther nt Avail in

All the following services and equipment for the charcoal iron and
stesl industry are now available in Brasil, mostly in the great industrial
cenires of Sao Psulo, Rio de Jameiro, Belo Horisonte:

- equipment for foreetry and charceal operstion.
~ 0ivil oconstruction,
- blowers, mixerse, casting machinee, auxiliary equipment .

electrical equ‘pment .
- hydrsulic and pneumatic transportation systeas.
- control and measuring equipment .

transportation equipment for water, rail, road, ocontimuous
conveying of materials.

¢ foundry equipment.
rolling mill equipment and their auxiliaries.




The share of locally duilt machinery in new, modern Brasilian
iron and steel plants is now approximately 70% and in a few years,
sponsored by Govermment influence, will resch 80 %0 90%. PFor obarcoal
based iron and steel plants which are gemerslly of simple design, 90%
are now tuilt in Braeil.

(16)  Hydro-electric power plante

Brasil is one of the most advanced ocuntries in the field of Btuilding
and operating hydro-electric power plants and ocsupies an important world
position in the production of hydro-electiric emergy.

Existing power plants of more than ons million IN - six
Plants under construction of more than one million KW - nine

Due to this large experience, the technology in tuilding dams,
power plants and power distribution has reached a high degree of effioiency.
T™his Sechnology, comprising oivil,mechanical and eleoiric engineering as
well as all the necessary services and equipment ocan b supplied 0 other
countries Yy numerous oompanies of international fame and experience.
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