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SUMMARY 

This UMIDO document it a comprehensive study of up-to-date practioe la 

the manufacture of pig Iron, for foundries and steelnaking, using oharooal M 

foal in blast furnacee. 

Moit of th* detallad information ii derivad fron modern Brasilien 

axparianoa ainoe that country is tha world laadar in charcoal iron making and 

ourrantly produoaa mora than 4,000,000 tone/year.   Experience from other 

major producer« of charcoal blown iron is aleo included. 

The most important conclusion of the study is that a charcoal baeed 

ironmaking induetry can be economically started on a modest soale in many 

countries provided adequate wood supplies and suitable iron ore are available 

and that a proper programme of reforestation is installed. 

Such an industry,  commencing initially at 10 - 50,000 tone/veex output, 

with investment costs of about US $140/ton, can for» the basis of a future 

large and flourishing iron and steel industry.   This actually oooursd in Brasil 

ovar the past 40 years. 

The document is divided into four sections. 

Section 1 
Outlines the main features, economics and advantages of making pig iron 

with oharooal under Brasilia» oondltiona.   The importance of reforestation is 

stressed for a continuous future supply of oharooal.   The considerable oost 

advantages of oharooal compared with metallurgical ooke at the präsent time 

parait« the small soale manufacture of high grade pig iron at prices substantially 

below those existing in developed countries. 

SjetissJ. 
Considers in detail the technology of forest operati one, reforestation sad 

oharooal production in simple kilns. 

Considers the practical operation of small blast 

Blast furnace plant design is also discussed. 

blown pit iron. Include« data derived fres otter oowrtriee 
Details are also given of the plant operatise sad design 

Brasilias oharooal iron making and 
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SOMMA IRE 

Ce document, préparé par ONUDI, est va« éiud« complet« d« la 

fabrication da font«, pour fondar las at aciérxee, utilisant 1« charbon 

da boia come* ooabuatibla. 

La plupart das informations détaillé«« aont tiréas da l'azpérianoa 

moderne du Brésil qui occupa aujourd'hui la première poaition dans la 

fabrication de fonta fabriquée à bas« dt charbon da boia.    Sa production 

aotualla ast supérisur« à 4,000,000 t/an.   L'azpérianoa d«antrat producteurs 

importants d« fonta à basa da charbon de bois ast également rapporté«. 

La conclusion la plus important« d« l'étud« ast qua dans d« nombreux 

pays, la fabrication d« font« utilisant 1« charbon da boia paut Itr« 

rantabl« pour autant qua l'on disposa d'un approvisionnai«nt convenable 

da ainarai d« f«r «t d« boi« at qu'un tu n§rasan d« reboiaement soit lanoé 

aiaultanéaent. 

Una talla induatria,  avec una production initiala da 10,000 - 50,000 t/an 

(coût d'investissement moyen - 140 USt/tonne) paut fornar la baa« d'une impor- 

tante at   floriaaanta  industria aidérurgique.   C'eat oa qui s'ast paaaé an 

fait au Brésil dapuia 40 ana. 

La doouaant «st diviaé an quatr« parti««; 

Parti« 1;   Indioationa daa    oaraetéristiquas principal••, la situation 

éeencmique, at laa avantagea da fabriquar la fonta à baaa da charbon da 

bois sa Brésil.   L'importane« d« la reforestation poor assurer, un 

apprortet oimaatn* oontinu de oharbon de bois ast soulignée. 

La grande différanoa de prix en faveur du oharbon de bois, ooaparé sa 

ooHe, parsat la fabrication de  fonte   de haute qualité à échelle aoyenne 

à daa prix souvent inférieure a eaux qui existent daaa laa pays industrialisas. 

Partie 2.   Etude approfondie de la technologie d'exploitation das 

ferlts, de reforestation et de production de oharbon da bois en fours 

siaples. 
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Partit 3.     Studa da l'opération dt patita hauta fournaatuc à 

da efcarbon dt boi».   Diaeuaeion do la oonoaption dot hauti fouraaanx. 

Partit 4.     Elé»anta d'infomation obtanua d'autraa paya où l'on 

fabriqua dt la fontt à baaa d» eharbon dt boit.   Rtnaaignatianta 

détailléa d'opération at da oonatruction fournit par laa prinoipalaa 

usinât tt aociétéi d'anginaarinf Bréailiaaaaa. 

~l 
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POR S W 0 E I 

In th« ooura« of its technical assistance aal promotional 

«stiviti««, tht Unit«d Bation« Industriai Development Organisation 

(BsTIDO) recognised th« importano« of th« oharooal based iros ard 

at««l technology for a nunbar of d«v«loping oountriaa.   Aooordinfly, 

in 1975 ì* *M d«cid«d to bring this technology to th« attention of 

developing countri«• that haw th« neoemeary oondition« for «mtablish- 

in* small or sodium «is« iron and st«el plant« baaed on oharooal aa 
renewable natural reaouro«. 

Accordingly, th« Head of th« Mstallurgiotl Indu«tn•• Section o. 

DIT IDO, Mr. L.C. Corri» da Silva, requested the Aaaociaeâo Brasi lcira 

de Notais (ABU - Brasilien Society for Notala), to provide the 

necessary information for a study on the subject.   Th« IBM supported 

the idea of OTHX3 to disseainat« information on th« oharooal based 

iron and st««l industry, bae»d on Brasilia» experience.   Ine Brasilien 

oharooal based iron and stesi oospsoies disclosed all relevant inform- 

ation for th« preparation of a ooaprehensive report.   Our thank« are 

particularly du« te the Directors of the ABM and th« Brasilien oharooal 

baaed iron and steel ooapenits, especially to th« Coepanhia Siderurgica 

Bel«o Mineira, CIMCTAL, ACÏSITi and Coepanhia Ferro Brasileira, who so 

generously provided detailed and invaluable information on the operation 

of their oharooal production and iron and steel asking faeilitiea. 

Qreat oredit is due to Mr. Henri Meyers (Coapanhia Siderurgica 

Belfo Mineira) who has dedicated his extensive experience in Brasilisn 

oharooal based iron and steel industry to the projsot.   Thi« is refleeted 

in th« document entirely prepared by hia for th« benefit of the 
developing oountries. 

Our thanki are  due  aleo to Kr. Bodnay JeanisfS (United fingi«) 

who aaslBted with teehnioal editing of th« text and collating of UM 

teohnloal data» 
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IITSODUCTIOI 

The prM«rt doonnent describes th« technical «ad economic tipwti 

of th« charcoal tesad iron and steel industry u it ïu developed and 

is boing practioed in Brasili Bxperienoe in other countries, like 

Argentina, Australia.,  Sweden :.* also included. 

The paper it intended for tü guidano« of developing oonntries 

that have the necessary conditions for using this technology baaed 

on renewable resouroea. 

In the cours« of 50 years experieno«, Brasil has developed its own 

ohsrooal based iron and steel industry.    Its main, reanrkable, features are)- 

1.    The annual output of pig iron ii very considerable: 

4,000,000 tons in 1976 and 1977. 

2. Tail tonnage was eoonesdoally produced in aany snail and 
aedi«* sised works varying in output fron 50,000 toas to 
800,000 tons par year. 

3. Practically all the oonpanies are in private ownership 
requiring no appreciable support or subsidy fron the 
Brasilien stata. 

4. Thee« works produo« all the pig iron needed for th« Brasilien 
oast iron industry and practioally all pig iron needed for the 
non-flat steel product* sector (bars, sections, tube, wire, etc.) 

5. The équipaient for iron asking ii generally siepi er in design 
and th« specific investment costs (dollars/ton) are substantially 
lower than those neoaaaary for ooke basad blast fumane plants. 

6.    The industry is rapidly progressing toward« sslf-ouffieiency 
in ohsrooal reaouroas through reforestation. 

7.    The eherooal boned oonpanies have developed and erpanded over 
the years fron vary anali beginning» and formed th« basis of 
the present innortant iron and steel industry in Brasil. 

>, it «net Ve stated that a charcoal baaed iron and steel 

industry has oertain fundamental   limitation* - for ennuple - 
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1.    Charcoal production,  including correct reforestation, is 
labour intana ir«.    This work providas a good aouroa of 
steady employment for a rural population but tha costs of 
charcoal production, which today ars lower than for metallur- 
gical ooks in Brasil, ara clossly ralatad to the aalarias 
of rural workers.    The once important Swedish charcoal baaed 
iron and steal industry came to an and because of major 
increases in rural  labour costs. 

7.    Charcoal production must be accompanied by a correct programa* 
of reforestation suited to the location.    However,  for economic 
reaaons, auch reforestation must inevitably make appreciable 
changa* in the environment by the planting of new species of 
trees (usually eucalyptus) in plaoe of the origina« virgin 
forests. 

3.    The perraissable -f->—» extent of such new forests will depend 
up«, .i locU conditions.    This «ay limit the scale of charcoal 
ironaaking in a particular region. 

A.    The technique of charcoal blast furnaon operations differs from 
normal coke based ironmekinr.    For instance charcoal is weaker 
than coke and is more eaaily crushed.    Tais factor limits the 
sise and capacity of charcoal blast furnace*.    nowadays thase 
have reached 1,000 t/day output but cannot compare with the 
largest coke based furnaoe outputs now above 10,000 t/day. 

Bearing in mind the above advantage« and limitations, the Brasilien 

»le is worth being followed by countries which are in a developing 

stage and have the necessary conditions for using this technology, 

principally a suitable climate and forest resource*.    A number of Brasilian 

charcoal based iron and steal companies are able to offer their know-how 

to interested countries. 

The extraordinary development of oharooal ironmaking in Brasil is due 

to the fact that the country's resources of good metallurgical coal are 

eearoe.    At the other hand the country had, until recent time, vast 

natural forest reservas.    Charcoal was therefore the natural choice for 

reducing iron ores in the blast furnace.    In tha course of many years 

a technology based on charcoal was developed and improved in the country, 

principally in the State of Minas Oerais, where most of the charcoal blast 

furnaoee and steel plants are located. 

taring World mar n, «baa maritime oommumioations between Brasil aad 

the rast of the world war* difficult am« importation of steel products 
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practically impossible, the charooal based iron and steel industry gave 

proof of wich vigor,  imagination and resouroefulnees.    Many iron and stool 

products indispensable to tho Brasilias economy war«, during ttaoso years 

prodnood by tho  industry, for instance railway rails,  s—uni I tun for fus, 

components for armements, machinery parts, iron pip«. 

Until  193O the charcoal based  iron and stool industry roprosontod ta« 

only dowostic souro« of supply for th« manufacturing iadustry of a vast 

variety of iron ana st««l products.    During th« first 10 yoars of th« 

existenoe of th« automobile industry, froa 1956 to 1966, tho ohareoal 

based iron and sto«l industry suppliod all th« nooossary st««l for chassis, 

wheels, springs, bolts,  forged components and the necessary foundry iron 

for th« «aginos.    Today all oostrifufally oast iron pip« manufactured in 

th« oountry is produced fron ohareoal blown iron.    Host of the country'• 

foundriM are supplied with charcoal blown iron which, also,  in tiaos of 

scarcity of scrap or coke blown pig iron, sarros as a substitute and 

ooapleaent of these sat «rials which are indisponsabl« to the stool re- 

aelters.   An iaportaat amount of ohareoal blown pig iron is exported and 

thus contribute« to the balano« of the Brasi lian foreign trade.   Charooal 

pig iron has inherent proven excellent qualities which are transmitted 

to th« iron and steel products derived fron it.    It therefore represents 

a natural raw «aterial for the anaufaeture of high grade iron sad steel 
products. 

Brasilien oommar cial price« of charooal have been very favourable 

with Bstallurgioal coke.    Prioee CIF blast furnace plant (1977) were: 

Charcoal (eorrected to 85 % carbon content) - 03$ 70/ton. 

Benivalent metallurgies! cok* - 08$ 130/tsn. 

Bao to the advantageous ooat of charooal, the Brasilian ohareoal pig 

iron is prodnood at a lower ooat than ooke blown pig iron produced in 

Brasil, the USA and the European Coaaon Market. 

Per preaent Brasilian conditions, the inn« feu I ooat« for land, 

forestatien and ohareoal aanufaoture is also amen lower than for a eoe! 
aine sad a ooke plant. 

Cost of land, foreatation and kilns oto. (1977) USt 84/toa ohareoal 
(oorrected to 85 % oarbon ooatent). 

Cast of oeke plant (exolmdlnf coal mine) reportedly upto (1977) UM 130/ton 
of equivalent ooke. 
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TI» Brasili« production of oharcoal pi« iron in 1976 was four Billion 

••trie ton»,  representing 50^ of the total production of pig iron.    Tht 

production of steel derived fro« charcoal blown pig iron Mai 2.6 million 

tone,  repreeenting 30£ of the total for Brasil.    The Government  recognizee 

the great importano« of the charcoal baaed iron and eteel indu »try for the 

Brazilian economy and hai confidence in the soundness of the industry 

which directly employed 54,0X people in 1976 with sales north  1,350 million 

ÜS5.    This confidence has increased as a result of the world energy crisis. 

Consequently the Oove:nament Planning Agency (COltSIHER) have assigned an 

expansion of the charooal based steel industry to reach a pig iron pro- 
duction of eight million tons/year by I905 which will provide Vf% of the hot 

metal required by ihe steel production at that date. 

The production units of the charcoal baaed iron and steel industry 

are small or medium sised due to the peculiar qualities of the fuel.    As 

a oonsequenoe, the plants are also small to medium sised and do not require 

the large human conoent rat ions that are frequent in the large coke based 

steel plants.    The human problem* are therefore easier to control.    The 

largest charcoal based steel plant in the world, the Monlevade plant, 

•nploys only AfiOO people and the town of Monlevade has 30,000 inhabitants. 

latural forests represent still the most important supplier of wood with 

approx. 80# of the total consumed wood.    However, man planted forests are 
fradually taking the place of the natural forests. 

The eucalyptus tree of Australian origin is the only tree species 

planted for charooal purposes.    It regenerates naturally at least three 

times in a cycle of 20 to 22 years.    Caribbean pine and eucalyptus ars 

planted for pulp and paper manufacture.    Reforestation has taken a great 

impulse sinos 1966 because of the mandatory replacement of eight trees for each 

cubic meter of consumed charooal.    Tax incentive» have earned the financial 

hurdan of reforestation.    A total of 2,501,000 hectrres have bean planted 

in the country, 70* being eucalyptus trees.    Brasil presently ranks fourth 

in th* world in reforestation, after China,  USB and the USA. 
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500,000 hectare« per year, approJaaately, are currently b«ing r«for«rt«d 

and th» goal i« to achi«v« 600,000 ha ptr year.    Th« 0ov«rn»«nt, through 

it» agency, the Braailian Inatitute for Portât Development, haa fixad the 

following aaudetory deadline for th« «x»oution of th« reforeatation 

projecta by th« oharooal baaed iron and «taal induetry:    50* eelf- 

•ufficienoy in «an-planted foraata to to« reached by 198S and 100* 

by 1995. 

Th« two largeet Brasilia» charcoal baaed «taal coapaniea, Belge Kineira 

and Aoeaita,ae well aa a few othar cotapaaiaathave alraady raachad 40* of 

•elfanfficiancy in aucalyptua wood.    Thae« eoapeniee had atartad r*- 

foraatation long bafora th« »andatory raplaeaaent regulation« cae* iato 

affact.    Th« activitiaa of raforaatation and charcoal aanufacture have 

for Braail an iaportant eocio-eoonoaác aepect.      Frequently whole faailiea 

ara oooupied in theae activitiaa,  reoeiving a famly incoa».    Another 

advantage ia that the faailiea can work together and are not dierupted. 

In 1976 500,000 people were «aployad in re-fore etat ion and charooal 

aanufacture in Braail.    Charooal ia aanufactured in thouaande of aamll 

beehive   briok kilna which are located in groupa of batteriea aa cloee 

as poasible to the foraata to aoniaaae wood transportation ooata.    The 

kilna are periodically dieaauatled and rebuilt closer to the foreata. 

Bo by-product» are reoovered.    The kiln« are very cheap,  aiaple to operata, 

and give good yielda of wood to charooal, of good quality of oharooal *•» 

properly operated and well «upervieacL Soe» iaprovoaenta to th« «mating 

kilna are being amd« with suoooas. 

With the rtotst trend for th« planting of larg« »uealyptuB foraata 

paradtting th« oantralisation of the actiTitiaa during «any y*«x«t and 

large aeale a»*a»miBation of the operation», it ia poaaible that ia the 

future largar oharooal kilna or amybe fumaoee with th« recovery of aaaa 

by-product« will be introéuoed.    On« drawback of thie type of operation 

ia rapraaanted by the high ooat of iaveatajant which ia atailar to tkat 

for a coking plant of the ana» siae. 
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It it tana important to rwwbw that Brazilian conditions for 

oharooal ironmaking cannot be compared with Baropeaa condition«.    It 

ia likely the«; oonditiona and prioaa aimilar to thoat is Braiil will 

be fo-ind in a number of othar developing oountrioe. 

Tha apacial qualitiee of oharooal blown blast furnace pig iron, 

•ad« fro« auitabla iron or «a, praaant considerable advantages in 

a developing country whara an iron and ataal industry ia newly foundad. 

For example metal quality oontrol ia much ansiar. 

Tha possibilities of using a oharooal baaad, so cal led,"Direct 

Redaction" proeass ahould ba approaohad vary   oautioualy by developing 

oountriaa.    Tha problem» asaooiatad with auch relatively new tachnology 

ba avoided by using tha classic blast furnaoa pro< 

Finally a long tarn programs« for tha davalopmant of a oomplata 

and intagratad iron and ataal industry can ba suitably foundad on an 

initial aodast investment for oharooal iroamaking. 

First stags - 50,000 t/yr ironmaking for iron east inga ate. 

Seoond stags - 100,000 - 200,000 t/yr 1 misai ina, far easting« plus 

IS stealsmkiag for snail nan-flat producta. 
Third stage - 900,000 - 1,000,000 t/yr iroonaking fer oast inga, 

piva   12)    ataalmaking fer a wide ranga of non-flat 

produets sad apacial rteelt. 
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ia Forsstrr 

1. 1 store of wood (1 rt) 

It it the volane of log shaped, annually piled, wood of following 

diasnsions:  length 1 a, width 1 a, height 1 a. 

2. 1 on net re (•"*) of oharooal 

It it the voluae of loosely heaped oharooal filling a container 

diaoasioned: length 1 H, width 1 a, height 1 a. 

It it a land snaaursasat of 10,000 a2. 

3. 1 hectare (ha) 

It it a land a 

1 eq. kiloaatre eguale 100 ha. 

4. 1 at. of wood requiree 5 1/2 eucalyptus tress 7 to 8 years old. 

5. 1 ou a oharooal (a3) require« 2.2 at of suoalyptus wood en average. 

Setter figures are being obtained rsosntly. 

6. 1 ha of land is planted with 1666 suoalyptus tress set at 3 a x 2 a. 
A figure of 1700 is used for siaplicity. 

7. Practical bulk density of Brasilia« oharooal witht13}t noisture,250 kgs/a . 

8. Firewood is wood naturally dried for 3 souths, also oalled seasoned, 

prior to being charged into the kilns. 

9. Adria 

Is a trade nasa for a hetaohlor ohsaioal product used as insecticide, 

principally against teraitee.    It is usai as a powder ia the soil 

pispar ed for seedlings at the rate of 10 grasa par plant. 
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"« fit ion    I 

RftTOKES, XCGRMICS AU) ADVAHaGBS (F TBE HRAZILIAII 
flwawnnàL USD HOT US SIUL HBOSIRT 

1.   (3RKBAL OOISIOTHATTOIIS 

Sine« iron wi first Hdt in the world charcoal bas bwn the 

traditional rednctant for th« snelting of iron fra« ort ud m 

usad alaost universally in th« «mil blast furnace« and oth«r 

reducing furnaces up to th« eighteenth century when «etallurgioal 
ooke MU introduced as an alternativ*. 

Today oharooal i« «tili und for il isaaklug in blart furnaces in a 

of oountries.   The world leader in thia activity ia Brasil wh«r« a 

large proportion of a flourishing iron and stool industry is successfully 
based on oharootl sMlt«d iron. 

aarooal and oharooal iron asking was a natural solution to th« 

scarcity of iron and st««l product« in Brasil for th« following reasons: 

Ahssnoo of fossil fusla. (ooal and oil) 
Urn qaaatitiss of wood fro» vast virgin forests. 
Abundant supply of rioh and pur« iron oros. 
Qood supply of wat«r power. 
las nooossmry entrepreneurial spirit and th« experienoe 
in sdninf sad «indiar activiti««. 
A labor foro« tndnod in thos« actiriti««. 

Ifcrtil 1946, whan Batioaal Stool Coapaay started production, all iron 
sad st««l produced in Brasil was ohareoal based. 

During that period away snail and aediun ste«l produots •anufaoturiag 
plants wer« started.   Their owners got oonfideno« in a guarant««d aad 

regalar supply of the aeooaaary, aostly saall aaounts of, steel  available 

froa local sources, without hariag to go through the oostly and ooaplioated 

tl of st««l iaport froa other oountries.    Son« of th« products 
awfaetariag waa started at that period, w«r«i 

Iron foundry productst    Sanitation ware. 

Steel products*   Bail«, wir« fenees for pasture lead, horseshoes 

sad their nails, bolts, nuts, welding oleotrodaa, reinforcing bara. 
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It «at during the 5 jrearB of the War (1939 - 1945) i »hen imports 

beoame practioally impossible, that the charcoal based iros and steel 

industry beoame of the greatest importance for the Brazilian economy. 

Is a consequence, the industry made great efforts in increasing the 

quantity of the steel supply, in improving its quality and in manu- 

facturing new and diversified steel products, übe country beoame to 

a great extent self-supporting in several steel products and waB able, 

not only to maintain a reasonable stability of its industrial activity, 

but even to expand it. Some of the most important new produots which 

were manufactured during the War were: 

(a) Railway rails in 1943i which enabled Brazil to maintain and 

even to extend its internal railway communication system, a measure 

which was of the utmost importance to the country. 

(b) Steel billets for the manufacturing of gunshells of the 

caliber 40 mm, 75 am, 88 mm, 105 mm, 155 mm. 

(c) SteeJ billets for the manufacturing of locomotive and railway 

oar axles, spare parts for the maintenance 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 

a solid experience and the necessary self confidence in its 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 

charooal based iron and steel industry. On the contrary, it meant 

further expansion of the activity. Ine ooke and charcoal based iron 

and steel works became complementary and not competitive. Ine first 

specialised in commercial steels of heavy sections and wide flat 

produots and the latter in carbon and alloy steels both flat and non- 

flat . The following examples show that the impact of the charooal iron 

and steel industry on the Brazilian eoonoqy oontinues. Firstly, the 

oonstruotion of the new capital, Brasilia, from 1956 to 196I« required 

thousands of tons of reinforcing bars, welded tubing, iron pipe, vài ich 

were all supplied by the charcoal based iron and steel industry. The 

expansion of the capital still continues and still requires the same 

products. 
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Secondly, the automotive industry, which started indigenous 

automobile production in 1956,  was supplied for the first ten years 

with practically all the foundry iron for engines,  brake drums,  etc. 

and a11 the  steel for chassis, wheels,  springs, bolts, nutB,  etc. 

made solely from charcoal based iron. 

The charcoal based iron and steel industry in Brazil continues 

its expansion and modernization.   Due to the natural evolution of 

the country, and the companies, some products have been gradually 

substituted by newer ones.    A oertain degree of  specialization in 

products is taking place among the companies.    This measure has had 

a favorable influenoe on operational costs and production output. 

The reasons for this trend are: 

(a)    The exoellent proven, and well known, physical and chemical 

qualities of charcoal pig   iron and the products derived from it: 

e.g. east iron,  cast steel, rolled steel. These qualities give the 

industry the natural means for manufacturing quality producta. 

(t>)    Due to the small and medium sizes of the production units 

in charcoal based iron and steel works they cannot compete in quantities 

with large coke based steel plants.    They have, therefore, a complementary 

function to the production programs of high tonnages of normal steels 

ooming from the coke based plants by producing small and medium 

quantities of high grade products. 

Thus even today in Brazil, which now operates a very large scale 

iron and steel industry, the oharooal based sector shows a dynamic 

attitude to the future and will maintain a large Bhare of the market, 

principally in quality steel products.    Table I    shows the scale of 

this activity in the past, present and as projected in the future. 

Objections are frequently made agai.ist a oharooal based iron and 

steel industry. 

Firstly, that oharooal manufacturing is a predatory activity, 

oausing the depletion of the natural forests and, consequently, being 

harmful to the environment.    Secondly, that the wood should be used for 

nobler purposes than oharooal, because the usually rustic oarbonization 

methods do not recover the by-products.    Instead of oharooal production 
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it is proposed that the wood be used as timber, for building material, 

for chemical 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 solid evidenoe of Brasilia» and Swedish 

expérience over many generations. 

bx-azil;   The most important oharooal producing and consuming area 

of the country is the State of Minas OeraiB. 

The statistical data established by the Secretary of agriculture 

of this State, by the Brazilian Institute of Geography and Statistics, 

by the Brazilian Steel Institute, and the estimations made by Brazilian 

oharooal and forest experts, give the following figures for 1970s 

Charooal pig iron production • 1,623,365     t 

Charooal consumption (4 mfy* pig iron,   1970)       6f493r460   m 

Corresponding wood consumption: ¿ gp TOTAL, 

(Tield 2:1)       12,986,920 stères - 35* 

Timber for building, furniture, 
railway sleepers        2,000,000 stères -   5* 

Wood as fuel for domestic rural 
households      19,357,000 stères - 50* 

Timber and wood destroyed by 
fires on farming and pasture 
land 4*000,000 stères • 10% 
(estimated)  . 

Total: 36»343,920 stères - 100)6 

lote:   1 etere« 1 cubic metre of wood. 

The most important single oonsumer of wood was, and still is, 

represented by the rural households whioh oonsume in the average  two 

•teres,     or cubic metres, of wood per ospita and per year. 

In the cities bottled gas is 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 is difficult to measure by statistics.    These are the farmers 

who transform bush and forest  land into agricultural and pasture land. 

This 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 practiced 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 Government 

incentives to forest planting. 

These incentives include legal obligation (since I965) of forest 

replaçaient for all wood consumers and for charcoal consumers,  obligation 

to plant eight trees per oubic met«r of oonsumed charcoal. 

Tax incentives since I966 for reforestation 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 6001000 tons of charcoal  pig 

iron, without exhaustion of its large pine and spruce 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 m .    The charcoal production that year, was 

five   million cubic meters and the iron and steel industry consumed 

30A of it.    70Í of the charcoal produced was used in gas production. 

The Swedish charcoal based industry declined not through exhaustion 

of its forests, but because it became uneconomic through increased labour 

costs and the increase in the priée of wood for pulp and paper, combined 

with the availability of good, cheap,  coking ooal from other count rise, 

principally Germany. 
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The progress of a country depends largely on a steel industry 

and in the absence 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 gooi results in the blast 

furnace,  at low cost. 

It is a well known fact that the establishment of large scale, 

heavily concentrated|Coke based steelworks,  like other similar 

industries,   attrae* large numbers of rural workers with their 

families contributing to the up-rooting of the former social-economic 

equilibrium and causing social unstability with all  its negative 

consequences.    One serious problem is the housing of such large 

numbers of workers. 

The charcoal based activities on the other hand are 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 scattered over vast areas. *  In Minas Gerais state in 

Brasili  approximately 150,000 sq.  km are 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 employed by the numerous reforestation companies 

in Brasil.    The largest charcoal based iron and steel plant in the world, 

the Konlevade plant, only employs 4,000 employees and the town of 

Konlevade 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 able 

to work and to receive a fixed salary which is a factor of great 

impórtanos for the economic stability and mat rial progresa of the 

individual and the family. 

It can be frequently observed that, whilst the men are busy in the 

foresta or at the charcoal kilns, the women work in tree nurseries 



- 30 - 1 

and tra« piantine and simultaneously attend to their family rural 

proparty.    Thar« ara ala o seasonal occupati ona.    luring seeding 

and harvesting aaaaon, tha whole family doas agricultural work and, 

after the conclusion of it,  turns to the charcoal activity.    As a 

consequence, the family receives pay whan moat neceasary, enabling 

them to bay indiepenaable houaehold thinga and to improve their 
atandard of living. 

Urna oharooal relatad activities contribute to fi Ting the rural 

population v.-hilst giving then better material conditions.    This 

aspect is always emphasised by the Brazilian Government and private 

authorities.    Another important influence of the charcoal manufacture 

consists in the pioneering work of the iron and steel oompanies and 

the reforaatation companies  in underdeveloped and iaolated regions 

of the states of Minas Oerais, Bahia, Espirito Santo, which have 

mostly a poor population.    The activity canters of thaae companies 

with their metioulous and organised systems, their schools, hospitals, 

their teachers and superviaora, repreeent,  for large regione, centers 

of instruction, for mental and material programs and stimulation. 

One of the accompanying aspects has bean the creation of small 

private maintenance and equipment industries to ssrve the charcoal 

activities. 

2. CBAJCOAL TO90B COO PRICK 

At the preeent time in Brasil (1977) charcoal based pig iron 

manufacture is substantially cheaper than coke based pig iron 
on aeoount of the lower cost of oharooal. 

However, the price difference is very sensitive to the inter- 

national price of coking ooal from which Brasil ian coke is mostly 

made.    Price variations of tha two fuela in Brasil and the USA and 

common market countries in the years I965 - 77 «re shown in figure 1. 

«sen comparing charcoal and metallurgical coke prices,  it must be 

taken in consideration that oharooal has an average fixed oarbon 
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eontent of 7 CA against 85Í for cok*.    Tb« result Inf nwNuiy 
oorreetion is: 

Corrected charcoal cost: 

S^ffi * 8?   -   USf 66.40 psr »trie too 

This figure is still lower than preesnt world coke pries«. 
In comparing cok« and charcoal prices it would be prudent to use 

DC oosasrcial ooke prioee rather than the current Brasilien 
price« shown in Figur« 1. 

It mist b« emphasised that a very important itea in th« 

coaposition of charcoal costs is th« transportation.    It frequently 
represent« as «meta as the cost of fir« wood at th« kilns. 

So»« plants receive charcoal by truck at distance« of 6OC and «or« 

ke and in this cas« transportation costs can amount to USI' 6/t. 

Thi« shows th« importance of the di«tance fro« charcoal supply to 

th« iron and steel plants.     It also show« that it is necessary to 

ask« a correct choice as to distane««    from th« plant» when buying 

land for reforestation and tc study the transportation means, 

principally th« possibility of railway transportation,  or water 

transportation.    When comparing cost« it must be remembered and 

taken into consideration, that a greet pext of ta« commercial charcoal 

sold in Ninas Gérais i« produced as a result of the transformation 

of bruehland into far« and pasture land, the charcoal being considered 

es a by-product.    Its cost does therefore not include the costs of 
reforestation. 

However in estimating the general coate of producing charcoal 

for iron and steelaaking on a long tern basia, th« coaplst« costs of 

land purchase, reforestation, charcoal manufacture and transport to 
the works should be included. 

Under Brasilien conditions these oost« can be sommari sod as 
follows: 

(a)    Land prie« 

A nominal valu« of USSlOO/hectar« has   been used for 
calculation,    it should be remembered, that under those conditi 
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laud cost hu lit Ut influsncs OR ths coat of   rsforsstation. 

(b)    Bsforsstation 

Ths costs of affersstation with suoalyptaa tnn arc i 

in Tabi« II.    Tha trsss art plants« fro« sssdli^s and ar« first out 

aftar sight ysars.    Six or ssrsn ysars latsr thsy art rs-cut and 

aftsr a furthsr tix or ssvsn ysars ars rs-cut for a sscond tias. 

This givss a total cropping cycls of 20 - 22 ysars aftsr which tias 
ths stumps art uprootsd and nsw trsss plantsd. 

In a highly aschanissd operation ths sxpsnss par hsctars daring 

ths first ysar of a rsforsstation projsct rsprsssnt 50" of ths 

total sxpsnsss of ths coaplsts sycls of 20 to 22 ysars which is 

USt 500 of a total sxpsnss of USS 1,000 .    Ths sxpsnsss during ths 

first of ths thrss cyclss rsprsssnt US$700 or 7 0Í of ths total rotation 

tias of 20 to 22 ysars.    For manual      rsforsstation, ths sxpsnsss 

during ths first ysar rsprsssnt USS800 or 60Ä of ths total sxpsnsss 

of USflt300.    Salary for rural workars in 1977 wsrs USS%0 psr acmth. 

Ths cost of salarias has bssn includsd for ths first iaplant 
and thrss ysars aaintsnancs. 

Ths rssulting final cost of forsstry for ths thrss cyclss is 

US$4.99 Psr cubic • of charcoal (squiralsnt to US$19.96 t), whsn using 

a aaxiaua of nschanisation.    This corresponds approxiaatsly te 30Jt 
of ths 1977 cosatrcial pries of charcoal. 

Ths tax  incsntivss hart not bssn considsrsd, as thsy havs bssn 

dscrsasing ir tht count 0f ths last ysars and aay in ths futurs bscoas 

insignificsnt.    Howsvsr in 1977 thsy still rsprsssnt a sarin« of 17,5*. 

It is assusad that, aftsr tas third falling, ths evealyptas 

forsst aast bs replanted,   le figurât ars yst «railablt for Brasilien 

conditions for ths psriod aftsr tas third ftiling.   Is seas ragions of 

South Africa ths suoalyptus trsss ars rape»tat te regenerate five 
tiass orsr a JO ysars psriod. 



L 
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TABU II    008TS OF FORESTRY OPnftTIDV DI BRAZIL Vin EUCALIPTOS  
(ezeladiag tax iaoeative») 

WITH KAIIECE ttCBAItlSATIOW 

1 

cren 
AIS 

TEARS 

2 
TOTAL 
TÜLL 
STUBS 

/HA. 

3 
IBCBB- 
ASE/Tl 
ST./TÄ 
/HA. 

4 
LAID 
COST 
US*/ 

•QUIP- 
COST 
USI/ 

HA. 

1     6    «     7 
MO/ U\ pull-1 ubr 
ne   ITERARCI 
USt/HECTAB 

TOTAl 

PEH 

feBCTAKI 

9 
COSTS 

FEB 

STERI 

10 
ist 
pn 
R3 CI. 

PLAITDrC 100 200 200 • 500 _ 

2 - 8 TBS 
OBOWTH 

H6 22 - 100 - 100 200 - - 

PIIST COT 
APTES 8 TI 176 22 100 300 200 100 700 3.94 8.74 
SECOND COT 
AFTER 6-7T1 
REŒBBUTIO» 152 22.25 65 85 150 0.96 2.15 
THUD COT 
AFTER 6-7T1 
RBERRATIC« „ 11? 16-19 ft ft 150 1.34 2.95 
TOTAL 

IP-2? TP   i 
440 20-22 100 430 200 270 1,000 2.27 4.99 

ALL OPIIATZOn HAIUAL 

FIRST 
6 TES 176 22 100 100 600 800 4.34 9.99 
SEOOXD 
6 - 7 TRS 152 22-25 - 50 200 250 1.64 3.61 
THIRD 
6 - 7 TRS 112 16-19 - 50 200 250 2.23 4.91 
TOTAL 
20 - 22 TEA 20-22 100 200 1,000 1,300 2.95 6.49 

Botest    1. Corta incinte land, preparation of »oil, romas, tro« 
tro« pleating and aaiatenaaoe. 

2. Coet/Ster« (eolaaa 9) . oolnam 8/oolnan 2. 

3. H3 oh.- a3 oharooal prodaood froa 2.2 St. of wood. 

ieri«» 

4.    It ia aeeuaed tarnt after third felling, tao ottoalyptoa foroata 
•    anet b« replanted.    Bo figurée jot endiabla for Brasilien 

oonditioaa after third foiling. 
In 
to 

regione of South Afri« enomlyptas treeà aro reported 
five tiaee over 50 yean period. 
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(e)   ***UM 
m*tA TfWPort of Wood fro« Hfprestad lacalyptu» 

to charcoal kiln». 

It is assumed that: 

For tree felling, wood transportation to tht roadside and th« 

kiln», half of tit« ««rvicas arc carried out aechanically and half 

aenually, that th« road» ar» of average quality, that tht distane« 

to ta» kiln« i» fiv» km, that th« monthly «alary of th« rural 

il UMSO (1977) and of th« supervision USt 120. 

Table HI - Cost« of tr«« f»lling and transport 

a. Tr»« falling  and wood piling:     10 nan for 

1000 st T>«T month 

b. Transportation to kilns:     3.3 aen for 1000 st 
par aonth 

e.    Sapervi* ion: l        "      " 

4.    Other costs:    ( administrât i on) 
(social overhead) 

Total P»r st«of wood at kiln« 

USt/»t. 

0.800 

0.264 

0.120 

0.15 
0.70 

2.034 

•quivalent cost/a3 charcoal    • 4.47 

(Th» costs froa naturally re-grown forest can be »stiaated at 

between 1,75 •»* 2.10 DSt/st). 

(A)   Caarooal manufacture and Transportation 

In Brasil «iapl« brick built beami«« kilns 

These ar» fiv« metres in diameter ami are tie «pad ia batteri»« 

ef seven apto a maxima« of 35 *t eme alte mear th« forest araa 

(maximum five ka distamos).   There is no reoevery of by proámota. 
Th» handling of wood and charcoal at kiln sit« is manual, 

fro» kiln ait« to iron and steelworks transport is by truck or 

railway - 450 kas   is aaxiana economic limit for trucks and 600 I 
for rail trams port. 
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nXU CT - Coat« «f oaaroool 

463 ^ 

OMt/r 

1 aolfwr 

100 OM/MB« 

80 VS/MB* 

0.22 

0.17 

Coaita!»       7 x 700 - 4.900 OBt 

463 x 12 x 4 

Cork of 0.41 

te iron and «tool 

600 IBM mil at 0.06 Oat^a w 

4JD kM room at 0.10 Oa*>a 

3.      T0T4X. COW OF CÄÜB04L CXT ODI A» 

fa« total ooats of CIP ito* oat «tool 

ooot eaaffao «a to aariTal aoiat at alaot 

plant - Satollo of ini ••am»! oaato arc givaa la Taal« Tin. 

all oporatii 

TTT/I — 

1. Forootry (Taalo II) 4.99 
2. Follia«, txanaport (Taalo HI) 4.47 

3. Caarooal aanafaetoro (Taalo If) 0.61 

4. Traaaport to iron ani «tool works (Tabi« IT)   4.00 

Total oort of aaarooal at woiko 14.07 

Thi« 1« oquivaloat to 08$ 56.30 «ad 62.30/toa oaorooal raapootiToly. 

Tao proaant (1977) arengo ooaaniolal prleo of oaarooal, CCT «t««l 

pianto of Mina« Goral«, lat DS$ 60/tetu 

6.49 
4.47 

0.61 

4f00 
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4. DUECT 008TS OP LOH SILICON PIC IK» PKUOCTIDI USUO CBAMOAL 

Thr«« Boales of pi« iron production oaa bt oonaidered: 

(a) Ssall to aediua sises    50,000 to 150,000 t/year uain« 

th« siaplest equipaent not integrated to steelaakinc. 

(b) Ne&iua sia«:    150,000 to 200,000 t/year uain« a aor« 

•latent« equipment inte«rated with steelaakin«. 

(e) Larrt sis«:    500,000 to 700,000 t/y«ar uain« aost 

sophisticated «quipMBt fully int«gr*t«d with «teelnakin«. 

Dirait oosts «celui« financial, adainietratira,  ooaa«roial and 

dspreeiation of capital investaent. 

It is aseuaed that th« product will b« delivered aa hot, liquid, 

ae-tal r«ady aad suitable for st«elaakin« or pi« eastia«. 

Tabic« TI aad Til aho« th« diraot oosta of iron «akin« in th« above 

three eoales of plasta tofathar with a ooapariaoa of oosts for a ooke 

plant of siailar larf« aia« under laropaan oonditie 

Oaaditioai of operation 

(a) Snail (50,000 t/year) to aediua (150,000 t/year) 

not integrated eharooal blast furnao« planta. 

Produet:    Low Si pi« iron oast in oastin« anchina«. 

Productirity:    500 t/aan/yaar. , 

Iron erat    Suppli«d by railway froa privately oparatad aines. 

Charcoal:    Supplied by truck froa privately produced aourooa. ' 

Plant efficiency:    Avara««. 
Plant aquipaeatt    Siaple deai«n and operation. 

Blast heat in« by aetallic reouperatora. 

No secondary «aa cleanin« systea. 

Material« handlin«:    Manual with BOB« aaohaniaation. 

(b) Mediua aisad (150,000 to 200,000 t/year) inte«rated eharooal 

blast furnao« plants produciti« hot aetal for steelaakin«. 

Product i    Low-Si iron for steelaakin«. 

Produet irity:    500 t/«an/year. 
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Iroa ortt Proa own min«, transported by truok at a 

short distano«. (10 to 20 km). 

Charooalt Supplied by truok and railway fron own and 

privat« source«. 

Plant efficiency: Good. 

Plant equipment:  Simple design and operation. 

Blast heating by stoves. 

Secondary wet, gas olsaning systaa 

Materials handling: Mostly mechanised, yet simple methods. 

Cooling water: No water treatment. 

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

oharooal blast furnace plants producing hot metal for steel- 

Productivity : 1,5°° t/man/year. 

Iron ore: Own mine, railway transportation. 

Sinter: Partial use of self-fluxing sinter. 

Charooal: 50 f own operation, 50 $ from private sources. 

Railway and truok transportation. 

Plant equipment: Modern, yet unsophisticated. 

Plant efficiency: High. 

Materials handling: Mechanisation. 

Operational methods: Oil injection, oxygen enrichment 

of blast, high furnace productivity, 

and intensive operation. 
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TABLE VI DIRECT COSTS OP LOW SILICON PIG DO PRODUCTION USING 
CHARCOAL IN BRAZIL IK SKILL AMD MEDIUM SCALE PLANTS 

ITEM UNIT 
SMALL SCALE PLANT   "a" MEDIUM SCALE PLANT   "b" 

c ost/unit 

USS 

consumpt.        . /. 
of unit./ £!Vron 
t pig iron   USS 

oost/unit 

USS 

consumpt. 
of units/ 

t pig iron 

cost/t 
pig iron 

USS 

Charcoal 
cu 
m 

(ton] 
H.O 4.00 

(1.00) 
56.OO H.O 3.30 

(0.82) 
46.20 

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.O 0.030 0.82 

Limestone tons 4.0 0.100 O.4O 6.0 0.100 0.60 

Silica tons 2.0 0.060 0.12 2.0 0.060 0.12 

Fuel   oil tons 60.0 O.OO5 O.3O '60.0 O.OO5 0.30 

Electricity kwh 0.02 60 1.20 0.02 65 1.30 

Water •3 0.05 5 O.25 0.03 -12 O.36 

Refractories *e 0.14 1.7 0.24 O.14 1.7 0.24 

Spares and 

Tuyeres USS - - 0.10 - - 0.20 

Direct Labour USI - - 6.00 - - 6.00 

Indirect LabcurUSt - - 1.50 - - 1.50 

TOTAL USS 80^5. 69.19 

Note: 1. Labour costs include 42 %  social overheads. 

2. No credit is given for value of surplus blast furnaoe top gas. 

In integrated plant this is usually sold to steel plant etc. 

at an agreed internal price whioh reduoes the net cost of 

Iron making. 
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TABLE VII    DIRECT COSTS OP LOW SILICON PIC IRON PRODUCTION USING CHARCOAL 
IN BRAZIL IN LARGE PLANT COMPARED WITH COSTS POR SIMILAR COKE 
BASED PLANT IN EUROPE _  

LARGE SCALE PLANT 
LARGE SCALE PLANT   "cM COKE BASED IN EUROPE 

ITEM UNIT 
cost/unit 

USS 

coñsúmpl. 
of units/ 
t pig irai 

COBt/t 
pig iron 

USS 

cost/unit 
USS 

consumpt. 
of units/ 
t pig irai 

oost/t 
pig iron 

usi  
Charcoal eu m H.O 2.60 36.40 

(tons) (0.65) - 
Soke 
oh. Fines 

tons .. _ — 100.00 O.550 55.0 
eu ID H.O 0.40 5.60 - 

(tons' - (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 - - - 

Manganees 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 H.O 0.030 0.42 14.00 O.O3O 0.42 

Silica tons 2.0 O.05O 0.10 - - - 

Oxygen Nm3 0.02 50 1.00 0.02 50 1.00 

Fuel Oil tons 60 O.O4O 2.40 100 O.O5O 5.00 

Electricity kwh 0.02 80 1.60 0.02 80 1.60 

Mater n>3 0.01 60 0.60 0.01 60 0.60 

Refractories kg 0.14 2 0.28 0.14 2 0.28 

Spares + Tuyer BUSS - - 0.20 - - 0.20 

Direct Labour l USS - - 3.00 - - 6.00 

Indirect Labou rUSS 
1 

- - 1.00 - - 2.20 

TOTAL       USS 65.67 115.00 

Notet    1.    Brasilia» Labour includes 42 f social overheads. 

2.    In European plant ooke consumption rate is rather high as it is 
assumed that no sinter is used and all limestone is fed to blast 
fumaos. 

3.    No gas credits are included - see note 2 of Table VI. 
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5.    COmPARISOF OP COSTS BETWEEN CHABCOIL AKB COKE BASED IBDÄMUCIFO 

(a) Brazilian charcoal blown pig iron has lower ooats than cok« blown« 

(b) Charcoal is the tingi« most important item, representing «ore than 

the aus of all th« other raw materials and addition». 

(o)   Charcoal quality, ita eost at the kilns, transportation costs, 

apaoifie blaat furnaoa ratas hará therefore the greatest 

influence on the final pig iron ooata. 

(d)   Charooal blast furnaoa plants having their own iron ore mines 

and own oharooal manufacturing facilities, are at a great 

advantage. 

(a)   Planta with good operational efficiency and high intensity 

of operation have lower ooata than others with lower efficiency. 

(f)   Comparative ooats of ironmaking using metallurgical ooke under 

IK conditions in scale C plant show that, under Brasilien 

oonditiona, oharooal baaed pig iron is appreciably cheaper 

even whan allowance is made for increased ooata of hematite 

iron ova, etc. in Europe oompared with the same oras in Brasil. 
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6.      nrVESTOERT COSTS FOB CELBCOAX BASED UDOTttKÜTG PUUTT AID 

REIATED CHAHCOAL MAllüFACTOWirO 

(a) Investment port« for charcoal manufacture 

The investment costs for charcoal manufacture related to ironmsking 

plants of various types and capacities are summarised in Table VIII. Pull 

details of all cost items are given in Section 3.1.2. These costs include 

new trees, felling equipment, transport equipment, kilns, etc., as well as 

equipment for charcoal storage, hauling, Screening up to the blast furnaoe 

bins. Equipment for truok maintenenaee and charcoal quality oontrol at 

the iron works is also included. 

It must be noted that the amounts of charooal produced include a 

10 % allowance for fines screened out at the iron works and which cannot 

be used directly in the blast furnaoe a. 

The production of these fines appreciably increases the eoale of 

oharooal manufacture necessary to match various output« of pig iron, 

Tor cost comparison with a metallurgical coke plant it is neoessary 

to make a correlation relating to the lower fixed carbon content of the 

oharooal i.e. to multiply charooal plant investment oost by   **   «1.21. 

It is assumed that all charooal has a bulk density of 230 kg/m3. 

(b) Investment posts for oharooal blast furnaoe plants 

The investment ooste will depend largely on the type of equipment 

chosen.    This can vary from the simplest to the most edvanoed design 

depending on looal conditions and requirements and particularly on the 

soale of ironmaking. 

To estimate installation and investment oosts as accurately as 

possible it is therefore neoessary to oonsider various sises sad types 
of plant separately. 
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(*)   k —«I* "«i integrated ironmaking plant - sisplest, current, 
approved, efficient design and operation,  operational costs 

ae shown in sector "a" of Table VI - A combination of aanual 

handling and mechanisation. Simple but fair conditions for 
storing and handling raw materials,  etc. 

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

One blast furnaoe, I50 t/day, about 3 » hearth disaster 

with hoist charging, dry gas cleaning, 4 "Glsndon" metallic 

peouperators (blast temperature 500°C), blowers, iron ore 

yards,    stock house, screens, bins,  scales.    Facilities 

for charcoal handling,  storing and screening.    Including 
operational buildings and foundations. 

(i¿) Medium sisea plant integrated with steelmakinf 

Advanced but conventional design and operation,    Operational 

oosts as shown in section "b" of Table VI.    Good conditions 

for storing and handling raw materials.    All operations 

mechanised.   Minimum necessary instrumentation. 

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

Two blast furnaces, each I50 t/day,  about 3 » hearth disaster, 

with hoist charging, wet gas cleaning, five Cowper stoves (blast 

temperature 900°C), blowers, iron ore yards, stock house, 

screens, bins,  scales,  facilities for charcoal handling, 

storing and screening.    Including operational buildings and 
foundations. 

(***) Largs scale plant integrated with steelmaking 

Modem, advanced design and operation.   Equipment permitting 

the use of all modern operational techniques.    Lowest possible 

charcoal rate.    Operational oosts as shown in section "c" of Table 
VII. 

Li  250,000 t/yr of pig iron production. 

One blast furnaoe, 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 

eooling water, iron ore yard, stook house, screens, bins, scales, 

facilities for charcoal handling, storing and ecreening. 

Including operational buildings and foundations. 
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Table VIII. Investment Co«t« for Charcoal '  jmfactur«, Txan«port, 
Storage, etc.. Up to Blast For: vet Bin«. 

1 

Capacity of Charcoal Plant in 
m /yr. - including 10'  fin«« - 6 40,000 170,000 700,000 1,700,000 

Charcoal 
furnace 

1 eonmanption rate in blast 
'nr/t.iron)including 10"' fi fine« 

3.60 
•f   .40 
4.00 

3.60 
+  .40 
4.00 

3.00 
•   .30 
~I73o 

2.60 
+  .40 

-3T0T) 

Related outnut of pig iron plant t/yr 10,000 42,500 210,000 566,000 

Itene of Charcoal Plant 

1. Deforestation and tree fellinr - 
Cost of new trees and fellinr 
equipment 

?.. Wood transport to kilns - tractors 
and carts 

3. Carbonisation - beehive kiln« 

4. Intermediate store** - buildings 
etc. 

5. Charcoal transport to iron 
making plants - trucks, excluding 
railway 

Investment  co«t - up to iron 
making plant (items 1-5) 

6. Unloading,  storage, screening 
plant, etc.,   at ironmaking 
niant 

7 . Reception and duality control 

8. Maintenance shops for trucks 

US Dollars Total Investment 

Investment cost /m   charcoal 

Investment cost/t. charcoal ''at 
250 k*4i and corrected to 85 * 
fixed carbon)for comparison 
with metallurgical coke 

Investment cost /in charcoal (items 
1-5 above only) up to arrival 

at ironmaking plant ' see al «o 
table V). 

Investment Cost in US T)ollarB 

330,000 

40,000 

50,000 

50,000 

470,000 

150,000 

50.OOO 

100,000 

770,000 

I9.2 

93.5 

11.7 

1,340,000 

220,000 

200,000 

100,000 

340,000 

2,200,000 

620,000 

50,000 

200,000 

3,070,000 

18.1 

87.7 

12.9 

4,900,000 

850,000 

800,000 

300,000 

1,200,000 

8,050,000 

1,400,000 

150,000 

1,000,000 

10,600,JOO 

I5.I 

73.5 

11.5 

12,200,000 

2,150,000 

2,000,000 

700,000 

4,000,000 

21,050,000 

5,000,000 

250,000 

3,000,000 

20,300,000 

17.2 

83.7 

12.4 
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It should U notad   that tht investaent co»t figures/t charcoal 

do not vary appreciably with tht seal« of plant and that a asdiun 

•iMd plant (700,000 K
2
/JT) ha« tht ehsapest unit cost« as the largest 

plant« have sere mechanisation.    Uhi« relativ« oon«tancy of unit oo«t« 

arises from the «meli unit «iae« of kiln«, truck«, tree*, etc. ueed in 
oharooal aanufacture. 

At present the investasnt oo«t« of a ooke ovan plant, under European 

condition« of 500,000 t/yr capacity, would be 65,000,000 0S$ or DSt 130 t/yr. 

Thi« could be ooapared with about USI 84 for a similar «is« of charcoal 
plant. 

Furthermore the investasnt costs/t/yr for a ooke oven will increase 

•ery substantially if the input i« «mil - le«« than 500,000 t/yr. Whereas 

the investment costs per ton/yr for a oharooal aamifacturing plant are 

substantially independent of output and thus are favourable to snail 
output«. 

Thus, it oan be stated that the investasnts/t/yr of oharooal, are 

snob lower than for a coke oven plant.   An important aspect «aten comparing 

the two types of installation is the fact that 1£e oharooal kilne and 

•say other itaas oan be totally built looally which is not the oase for 

a ooke plant.    For countries in a developing «tat«, the aanufacture of 

oharooal represent« a very eoonoaioal and simple solution, all owing the 
application of a aaxiaua of local resouroes. 

It is oonoeded that the comparison has been oversimplified, as 

in a ooke oven plant with recovery of by-products, the part of tit« 

investaent for the oheaioal équipant is iaportant.   Ifce correot 

ooaparison would be between a oharooal plant with recovery of by- 

products but no figures are available.   On the other hand, the neoessary 

investaent figure for the ooal mining has been oaitted in the ooaparison 

whilst the forestry has been included in the invostasnt for oharooal. 

When ooapariBf the value of land for forestry and that of a ooal aine, it 

oan be «aid that the value of land generally increase• with tias, whilst 

the value of a ooal aine has a tendency to decrease as a rasait of its 

natural oontinaoos deplstion.   One is renewable, the other an exhaustible, 
of 
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Tnala IX. f^iSd^aSriLeSaXS^i^lM CWTOT 

Zittii 

li i ir—Irinç capacity •»* *TP» 
of plant 

Invootaant ooate  itaniaad 

1. Cost of coaplata plant in 
Imsil 

2. In*in»«riBf ooata (7i* of 1) 

3. Packing of aquipnont, anipnoat 
onrMM, location, «roction, 
•to. (20¿ of l)  

4. Contingonciaa (5* of 1 • 2) 

Total Coat 

lOTiatawBt eo«t/t. pi« Iren 

50,000 \/JT 

typa »A» 

US S 

3,000,000 

215.000 

600,000 

160,000 

1.W.666 
us sao. 

100,000 t/yr 
typ» 'B' 

US s 

6,800,000 

300,000 

1,360,000 

365,000 

9.0M.ÒÒÒ 

US $90. 

250,000 t/yr 
typt «C« 

US t 

15.400.000 

970,000 

22.^00.006 

USt 82. 

LI».«»  

3.080.000 

Tmnlt X. 

Liquid Pi* Iron 

Caata/t. Pi*  I 
TT-»r^rreraUJ Uli1 #^LMJHSTnrm^» -•* 

for a Co—lata Cnarooal Baoad 

li ni—Hx oanoeity and typa 
of plant 

50,000 \fjt 
tyoa •!• 

100,000 t/yr 
typa fF 

Itoalaad iuwatnant eoats/ 
t. pig. Iron 

1. Iroaaaking plant (aaa ta-ola IX) 

2. Charcoal nakina; and dalivary 
(itane 1-5 of tebla Till) 

(•,) US SI2.9 x 4.0a3/t. pi« iron 

(D) US Sil .5 x 3.30B
3/t. "      " 

(e) US 112.A x 3.00a3/t   »      « 

US S 

80 

Total Coat/t. Fl« iroa 

51.6 

250,000 t.^rr 
typ» »C« 

US- s 

90 

131.6 

I 

38.00 

US s 

82 

128.00 

37.2 

119.2 

•t 1 T*a*a corti do not inolnda land poronaae for tha «orice and foreot, 
STfoîS 1«- oorf i. no~~r included in tao dir«* charcoal 

costa. 
2JL1VO oxnlndod aro in plant transportation ooata and gonaral 

iafraatnreotaro ooata. 

*   ffc. ironaakinc onpneitiaa oaotod in tablee IX and X for plant 3> 5UTf2 r«Tnot «Sly «ton tao« qnotjd J»«¿V 
TO? a, ì> and c, nut th. remiti« differoaoo. i« in*.**-* 
ooota par ton iron ara nojrlifnale. 
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(e) Ooacluslon to lnrsnt—nt oat analrais 

Tha diffarañes in iron asking limit—ut oosts beta»«* plasta typas (A) 

and (B) table X - US SlO/ton «or« for niant (B) - ariosi nmlnly fren the 

diff areno« in Wut heating by Metallic recuperators or oowpar stoves. 

However, thara la a earing in apecific oharooal oonenaption la plaat (B) 

amounting to O.70 a3/t pi« iron (— alao tabla VI). Thronen this rednoed 

charooal usage the investment eeata for related otaareoal asusufacture ia 

radnoad by about US ti3/ton of iron. Thus tha overall inveatnant ooata for 

pi« iron Manufactura fron raforaatad ohareoal (tabla X) ia about US S3/ton. 

Use for plant B than for plant A. In addition there ara savings in 

diraot ooata, shown in Table VI, asnunting to about OWO/ton of iron 

for plant B. 

Tha investment figurée for tha anali and nadias aiaad irosnaking pianta 

of aAaple deaign, types "a" and "F» ara nodaat and «ill therefore not 

represent a heavy financial bordan on tha aoononic poaaibilitiaa of 

developing countries. 

Aa tha ecruipsest ara of aiaple design, it any ba poaaibla to 

part of than in tha daatination oonntriaa anion ara generally in an initial 

ata«a of indnatrial i nation. Exnaplaa of «neh eqvianaat ara iron «atinge ai 

structural ataal work. 

This fact doaa not neoeeeaxily rapraaant a eaving in ooata but it ia 

nevertheless raiavant aa it davalóos confidano« and azpariaaoa in local 

raaouroas and poaaibilitiaa. 
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7.      OMálXSATXOf 0? TB flHAlQOAL MSD m AD SOB. IMUJffJfll  II ***7TT 

The industry i» eharaoteriaed by iti great variety of eater- 

priaee, all of thaa amali or avdima aiaai.    la 1976 tat iadaatry 

prodaoed 25 f of ta« total iron and atetl product« oa ta« Braailiaa 
aarkct divided aa follow«: 

65 i of oold dream oarboa bara aad wir« 

100 £ of aaaal —• tubiag 

50 i of alloy at««la aad ataialaaa «teal« 

100 i of oeatrifugally oaat iron pipai 

90 i of trou aad «teal aaetiaga 

50 f> of «toel forgiafa 

Va« iadaatry ooaaiata of throe priaoipal 

a. Ta« iategrated «teal 

b. The BOB iategrated pig iroa 

e.   The iroa producen integrated with pipe aad foaadry predaeta. 

Priaoipal data oa the eziatiag eaapaniea are gives at the aad of thia 
aeotieiu 

M   ft» WfATtted oharoaal baaed «taal aradaaar« 

There are  10  ooaaemiea founded between 19» aad 1950.   Sight 

privat« aad public ooaaaalaa aad tao publicly owed aad oaatrollad ay 
the 

laiaatrial ateal prodaotioa variée froa 50,000 iaget taaa/yr te 

800,000 t/yr aad three ooaaaaiea, Aaaaita, Wig« Mlaeira aad 1 

gradaally —aMilng the*? proaactiea ta 1,000,000 t/yr. 
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Pi* Iron production. In 1976 1,700,000 ton« were produoed in 28 blast 

fumaos* and thro« tloetric reduction furnaoes. 

The pif iron production of the integrated oospanies it now 

insufficient for their «tool production. The dofioit of setal 

(quantity of approx. 500,000 t/year) it covered By supply fro« tho 

non-integrated eharooal pig iron producers and, to a aamll «ztant, 

oy scrap. Moat «tool produeors art incroasinf thtir pif iron 

production capacity to baeoa* indtpandtnt of outiidt »ourct« of 

supply. 

Charcoal supply. Tht sert important stool coapaniet have subsidiarias 

which product part of tht noodod charcoal, inothtr part it bought 

fro« indépendant suppliart or fro« contractors producing undar company 

suparriaioii. Tha trsad is to produoa an increasing proportion of 

eharooal by tha subsidiariaa to control priot, production and quality. 

Reforestation. The larger oospanies do their own reforestation through 

the above mentioned subsidiaries, in part with tax incentives. The 

»mellar oospanies soaetiaes pay specialised reforestation companies for 

this aotirity. These companies work exclusively on tax ineentives from 

private people and fron oospanies. 

Mininjb Tha large companies have their own ore sines and operate 

through subsidiaries. The sseller oospanies do tha mining directly 

or buy the iron ore fros independent sines. All tha mining is open pit. 

Steel production.  In 1976 - 2,600,000 ingot tons, 30 % of Brasil•« 

total. 40 i is produoed in ssall (20 - 60 t) basic open hearth furnaeesî 

this tonnage is decreasing. 40 i  is produoed in basic oxygen vessels 

(20 - 45 t) of U> type; this tonnage is increasing with the use of 

larger vessels. 20 f  is produoed in electric arc furnaces (20 - 40 t 

capacity). 
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Expansion plrna«.    All the oharooal baaed steal oo^pnlN hart plans 

to «xpand their production capacities, following th« guideline« of 

ta« "Hartar Plan for th« ataal indu«try", laid oat by OOVSHXR, 

trtaioh is th« OovenuMBt Planning Agency for th« ataal and BOB farroua 

natala industry.    Thea« plana amjorly aia at increasing pif iron 

production and in raaehinf ««lf-aufficiancy in charcoal supply. 

Measures to sect thaa« alas includ«: 

(i)    Modernisation and usahanisation of charcoal product ion Methods. 

- To iaproT* oharooal yiald froa wood. 

- To iaprov» oharooal quality, increasing fixad carbon oontant 

to 75 5t. 
- To iaprov« kiln productivity. 

- To radue« oharooal ooata, or at laaat to control than. 

(ii)  Taprovaneiil in blast fumaoa perforasse« and produetivity. 

- By iaproved burdan preparation - aor« aiutar 

- By ineraaaad blast teaperatur« 

- By oxygen blast «nrichmant 

- By injection of fu«l (o.g. oharooal) through blast fumaoa  tajara« 
- By high top pressor« 

(Hi)Installation of  .ew sajor aaulpamt. 

law ainterplanta to giva 80 - 100 % sinter bardana resulting in 

lowered oharooal rat« and inorasse in iron output. 

law, larger, blast furaaooa to inorasse outputs beyond presasi 
aaxicna   of about 700 t/dsj. 

lew larger Couper stoves to inoraaa« blast t—paiatniea fre» 8J0*C 

to V50°C resulting in redaoad oaarooal rata. 
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(ir) The nao or direct induction procesaos ueiag oharooal fin», the 

resulting sponge iron to b« used M additional setal aupply for 

electric «re furnsoea. 

(b)  The non integrated oharooal based iron producer«. 

mort aro 60 ooapaniee, soatly fa«ily ontorpriao« baring capital 

of losa than USI 300,000. 

Pi* iron production.    In 1976 - 2,000,000 t,  25 i of Bruii« total, 

produced in 91 blast fumaoee.   Theee rary fro« 30 to 200 t/day 

oapseity but 70 1» produo« loas toan 80 t/dey. 

Sa« to tbo rapid inoroaaa in number» of blaat 

oharooal auppliee, haw, aoaotiaoa, beoose critioal and art 

of utaoat iaportsnoe.   Borine parioda of aoarcity charcoal priooa 

bar« tanporary ineraaaad 40 or 50 £. 
Moat oharooal oosee froa tha broah Tegion and il supplita by ináapandaat 

producán.   Tha large oospsaiee, e.g. Cisetal, partly buy ohareo»l and 

partly product it.    Tha trend io to inoroaaa thair own production. 

Praotioally all tha oharooal i« tranaportad by trucks diatancaa of 
100 to 400 kss and the arerà«« diatano« transportad today is probably 

•era than 300 

Por—try.    Sino« 1966, «fa« legal sandatory reforestation «na intro- 

duoed together with taz inoentiree for thia actirity, th« pig iron 

produoer» bad reforeated a total of 160,000 ha by 1976.   Thia area 

la insufficient and ia now being increased with the help of an 

assistane« prograsse and tax inoentiree. 

Äjgooa^jEalityj,   Tbí* l" i""«!*1** •"* frequently poor as the oharooal 
la produeed by thousasda of •mall, independent, ssnufacturer« with little 
operational technology and poor superrieion.   Progress in thia field has 

bees difficult and therefore alow.    The esistere rsriea with the season 

of the year, fres 10 to 30 %.   Lately «oirtsre costoni baa beoose oontrolled 
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through -UM general use of plastic or oanvas tarpaulin« during truck 

transportation and by tht us* of oovsred coal houses for storage 

Wort transportation to ths blast fumaos plants. 

Ths generally acosptsd minimum charooal sis« is  10 mm;   however,  some 

companies aecept six ma.   about 15 - 20 4 of finss loss than six to 10 ram 

ars sereensd out of the chsrooal at the blast furnaoss.    Thsse fines, 

at present, are hardly used for any purpose. 

Mining.    The ore for the Minas Gérais blast furnaoss is supplied by 

30 small and medium private owned mining companies which produce between 

1t000tsnd 15,000 t of ore per month.    The mining installations are simple 

but effioient.    All ore is transported by trucks and the distanoes from 

the mines vary from  10 to 100 1cm.   At least one company doss its own ors 

transport.    Most use independent transports».    The Siderama blast fumaos 

plant of Manaus, Amasonia,  is looated on the Amason river and intends to 

bring ore by boat for a distanoe of a few miles. 

Products.    This group of iron msksrs producás most of the iron consumed 

by the Brasilien foundry industry, with sxeeption of three iron pipe 

foundries and the Esperance plant which produce their own liquid iron. 
The oaptive foundries of the Government controlled coke based steel plants 

are supplied with coke blast pig iron.    The group suppliss approximatsly 

500,000 t/yr of iron to the integrated charooal and eoke based steel 

industry, whose own blsrt furnace production is sithsr insufficient or 

temporarily reduced during furaaoe shut-downs for relining or other reasons. 

In oonnequence of an sfficient Government planning for the economic 

development of the country, the capital goods industry, including the stesi 

industry,  is continuously growing and requiring ever increasing   amounts 

of foundry iron.      Por eountriss Hke Brasil,  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 includes the consumption of castings by the iron 

and steel industry itself, like ingot molds and stools, slag pots, rolls 
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and spare parts. The capital goods industry is also a large consumer 

of castings for its industrial activities: Such 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 - electric and open-hearth- 

with a steel production capacity of two million tons per year, suffer from 

a periodic deficiency of scrap, which, in times of scarcity and consequently 

high prices, i& complemented by charcoal blown pig iron. 

The resulting domestic pig iron demand will thus rise to 1.8 million 

tons per year in 198O 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. It 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 industrialised countries 

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 produoer and exporter 

has done this with success. Thus total pig iron demand will rise to 

2,500,000 t by 198O 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 which 200,000 tons was oast iron pipas 
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in diameters from 90 to 900 mm. 

Larg:« seal« production of oentrifugally oast iron pip« started in 

Brasil in 1935 with the P«rro Bra«il«iro plant at Caeté, Minas Garais. 

Cast iron pipe is of great importano« in th« development of the oountry 

as an indispensable sanitary «lament for th« water supply and aewer 

system of towns and cities. 

Beside the oentrifugally cast pipe,  the companies oast all the 

necessary hydraulic pipe accessories, connections, cocks, hydrant 

valva*.    The foundries also oast engine blocks for the automobile and 

shipbuilding yards, sanitary ware,  ingot moulds and stools for the 

steel industry. 

Sinoe 197O an ever increasing amount of the pipe production is 

made of nodular,  or ductile,   iron which has a muoh higher strength, 

betxer elasticity and ductility than ordinary grey iron.   A o«rtain 

amount of the pip« production is regularly exported, mostly to the 

USA and to oountries of Latin America. 
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8.    BRAZILIAN IRON AMP STEEL ENTERPRISES ATO PLillTS (1977) 

TABLE XI 

Plant Location Number and Pig Iron Produc- Iron or Steel Steel planta and 
capacity of B.F. tion t/jT Foundry t/yr iwrot ateel t/yr 

1,    Companhia Siderurgica Belgo-Mincira,  30 % AHBED Luxembourg, 70 i Brazilian public 
45|OO0 shareholdera.    Founded 1920 

Sabara 2 x 150 t/day 100,000 Iron 20,000 60,000 
Ulnae Geraia 3teel 6,000 2x20 t open neaith 

to be abut down 

Monlavade 1 x 200 t/day 
Minas Gérai s 3 x 450    " 

1 x 800    " 
Under oonatruetiox 

9X1,000 220,0OO-0.E.4x42 t 
Propably to be 
changed to 1x60 t 
electric 
520,000- 2x42t LD 

Total 600,000 
to be increased 

800,000- 
Being Gradually 

to 600,000t by1979 expanded to1,000,000 

2.   ciKrriL - 59 * Private 41 Í Pubi ic.    Founded 1969 . 

Site Lagoas 1 x 80 t/day 
Minae Ceraia 2 x200 t/day - 

It auna 
Minae Gérais 7 x 60-120 t/day - 

Keiva Victoria 
State of Eaoirito 2 x200 t/day 

400,000 
100,000 - 

Santo 60,000 - OH 2 x 30t 
Bivio de Cocais 2 XI50 t/day 20 t LD veeael 
Kinaa Gérais 1 x 250 t/day 

being erected 
being ereoted 
Production being 
increased to 240,000 

3.   ACESIT1 - 70 f Banco de Brmsil 30 £ Public.    Founded 1944 

Tomo* tao 1 x 450 t/day 150,000 [ron 15,000 120,000 - 3 nectrio 
Minaa Gérais 1 x 150 t/day 

Electric Beductioc 
Furaaoo (17,500ten 

J&jffî Arc 

20,000 - 1x20t 
total 1977 200,000 Bess aster 
1 x 900 t/day ¿OOiOOO 180.000 - 1 x 30t LI 

320,000 
under oonetructiot Being inoreaaed to 
Total (1978) 500,000 700,000 

Future axpanaion to 
1t000,000 
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Plast Location Hunber and 
opacity of B.F.. 

Pig iron produo- Iron or Steel      I St Ml plant« and       I 
TTÌTT t/Tr     l1""* rt**1 t/yr ' 

4. Cosipanhie Ferro Brasileiro - Itau Bank and public.   Pounded 1931 

Cast* 
Ninas Gérais 

1 i 100 t/day 
1 x 140 t/day 
1 x 250 t/day 

160,000 
90.000 

centrifugal ly 
spun oast pipas 
20r000 Iron 
casting 

5- îcs»anhia Siderurgica Nun.«»»   70 * Maime-aann Oenaany, 30 * Brasili« public. 
^ Founded 1952        

Barrairo 
Belo Horisonte 
Minai Ceraia 

1 x 700 t/day 
(Designed for ooke 
but using charcoal 
2 x 200 t/day 
Electric redaction 
fumaoes( 115X) CTi) 

220,000 

ISP^ooc 

370,000 

260,000Electric arol 
furnace« with 
in-plant and 

000 bought «crap 
,15502 x 30 t LD 

capacity being in- 
creased to 
1,000,000 

6.    Lafersa.   Family owned.   Founded 1953 

i 
Cidade Induatrial      1 x 150 t/day 
Baio Bori tonte 
Ninas Oerais 

60,000 

7.    Pains     Private - Brazilian and 0«r-n (Korf) plus Brasiliaa Public.    Foundad 1953 

Divinopoli« 
Kinaa Oamis 

5 - fro« 25" to 
140 t/day 

150,000 
150,000 3x40 t O.H. 
to be changed to 
1x40 t L.B. and 
1x35 t Electric 
Expansion planned to 
250,000 I 

B.   usina Esperanea - Paaily owasd-   Founaad lg» 

Itabirito 
Ninas Oerai« 

4 - from 60 to 
150 t/day 

130.000 Irons  10,000 
Steal    5,000 

h«. Wh«4     Private.    Saint Oobain - Pont a Nouoaon - France Coapanhia Barbar*.    Private,    ju BrMilian PriVate and Public.    Founded 1937 

Barra Nanea 
RIO ae Janeiro 

2 x 200 t/day 
Fatare expansion 
200 t/day Electric 
»sanction furnace 
(33,000 Kv») 

110,000 
Expansion to 

130,000 

100,000 
oentrifugally 
spun oast pipas 
10,000 Iron 
oastinga 
Total 
130,000 

to 
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Plant Location Number and" 

esascity 
31 F of B.P.   I 

if iron produc- 
tion t/yr 

Iron or Steal     fStaal plasta end 
Foundry t/yr ingot ataal t/yr 

10.    Siderurgica  Barra Nana»    Family ownad.    Pounded 1936 

Barra Mana» 

Rio da Janeiro 

2 x 120/160 t/day 
1 x 110 in Ninas           140,000 

Oeraia 
1 x 600 Projeoted To be increased 

to 350.000 

230,000 4x25 t O.S. 
2x12 t U> 

To »t increased to 
500,000 

11.    Siderurgica Lanari - Private and Public.    Pounded 1953 

Paraoasibi 
Bio da Janeiro 

1 x 150 t/day 50,000 50,000 1 x 40 t 0.1. 

12.   Siderurgica Mogi dea Cratae (COSDC).    Pounded 1940.   Sinoe 19*7 it ia a subsidiary of 
Ustionai Steel Co. controlled by Siderbrss. 

Mogi das Cruses 

Sao Paulo 

2 x 150 t/day 
1 x 400 t/day 
coke furnaoa 
occasionally oper- 
ated or otaareoal 

200,000 - 

300.000 
5x60 t O.E. 
1x 6 t 
1x 1 t 

Electric 

13.   Uiperti - Family owed.    Pounded 1924. 

Sao Paulo 
Capital 

2 x 170/300 t/day 170,000 300,000 4x25/30 
/4O/65 O.E. 
1x22 
nsctric arc 

14.   Thyssen Fundiooss S.A. (Poraerly Montane} Osrssn.- Pounded 1968 

Matosinhoa 2 x 100 t/day 70,000 24,000 
Ninas Oeraia oentrifugelly 

spun oast iron 
plpss - 
6000 Iron 

Oast lags 

- 

15.   Sixty Mostly Saell Pasily Owed Conpaniea.   Pounded 1937/1975 

Moatly in We etera 
part of 
Minas Oeraia 
On« in Manaus 
One in Corunsbi 
Ihre« in Espirito 

Santo 

91 x 30/100 t/dey 2,400,000 a few foundries. 
Pig iron sold 
for steel piasti 
foundries sad 

Total 75 Coamemi« 
Mostly in 
Ninas Oeraia 

i 

139 x 30/700 t/dsy 

3.BsdBstion Pornacei 

4,000,000 
Jasaasion in 
1985 up to 
8,000,000 

2,600,000 
Being expanded by 
1986 up to 
6,500,000 
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SICTIO» 2 

m rtcoÊouxn OP œFOœSTATIOI AID CBABODAL FBOUPCTIOST H BRAZIL. 

1.    CBABOOAL PAOTCHOs" 

(a) Olirti consideration» 

Thi« basic act i ri ty it the most important aad difficult part 

of th« oharooal basad iron and steel industry.   Unlike the aotivi- 

tiaa of ooal mining and th« aannfaotur« of metallurgical coke, 

which ara always concentrated on a saall area, the activities 

relatad to the manufacture of oharooal, as practiced in Brasil 

and specif i oally in the States of Ninas Oeraia, Bahia and Ispirito 

Santo, occupy an area of approximately 200,000 aq. kaw    3» 5 Billion 

tons per year of oharooal are produced on this area.    This quantity 

•ay be illustrated as a ooal or, better a ooka field, aproad out 

over an enormous extension with a sean thiokneas of one oa and a 
oapacity to «apply five Billion tons par year of oharooal dorine 

one century« 

Apart fron the larger well organised oharooal rvmfacturing 

centers operated by the integrated steel coapaniea, the oharooal 

is produced by hundreds of independent suppliers, in thousands of 

beehive brick kilns.     Soae of the difficultias encountered, which 

are mostly a result of the continuously growing, demand of oharooal 

by the iron «nd steel industry, are:   Many of the oharooal producing 

regions opened in the course of the last years are aituated in poor 

parts of the country, at ever increasing distanças fron the iron aad 

steel planta.   The steel ooapanies have to sake the necessary basic 

improvements like housing, medical care and schools, before installing 

oharooal production center«. 

In certain regions, with important seasonal rainfall«, the 

charcoal production activities are reduced during the height of the 

rainy season, du« to the difficulties of forest activities, oharooal 

manufacture and transportation. 

1 
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The «reali independent oharooal suppliera, M wall M the nnl 

latear oocupied is the oharooal related activities,   hears ffsaerally 
« poor educational background and little knowledge of th« art 

of oharooal manufacturing,    AS a oonaequanoe, tht avara«« opara- 

tional practica is rudimentary and the oharooal quality is not 

the beet suited for blast furnace operation.    Technical  progress 

in oharooal manufacturing has been SIOT: and little improvements 

have been made. 

The most important iron and steel companies are well aware 

of these facts and are making great efforts to inprove the existing 

conditions.    The Federal and State Authoritiee are also very in- 

terested in the probi ens.    Several Government sponsored research 

«tudies have been made, containing practioal suggestions for im- 

provements. 

Some of the measures gradually being taken by the iron and steal 

companies are: 

Large scale meohanised reforestation activities. 

Choioe of the best suitable seeds for each region. 

Trend to produce all the neoessary oharooal by the iron and steel 

companies themselves. 

Training of labour and good supervision. 
Concentration of the operations of charcoal manufacture in fewer spots 

than at present to allow an industrialisation of the activities. 

Improvement of yields through better operation. 
Research and experimentation work in forestation and charooal manufacture. 

As a consequence of the growing needs for charooal by the iron and 

steel industry, the rapid changing- of some local conditions and the action 

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

activity is entering a phase when old fashioned practices will give way 

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

and, more specifically to the three above mentioned States, they may also 

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

economic conditions. 
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(b)  Natural Por—ts 

Virgin Poreste 

These forarti represented, until 30 years ago, tha principal 

suppliers of charcoal.    As the initial yield of wood par haetara 

m vary high,- 300 to 400 rtaraa - and tht total required oharooal 

quantities were modest oonparad to the prêtent consumption, there 

was a wide-spread opinion among the ménagère of the iron and steel 

companies that theae forests and their successors, the naturally 

regrown foresta, would allow a permanent oharooal supply for the 

steel mills.    However,  in a few decades, these large forests ware 

depleted.    An exemple are the once vast virgin forests of the 

Rio Doce Valley in the Htate of lunas Oarais, where some important 

oharooal baaed iron and steal planta are located. 

This depletion was partly tha result of a poorly organised 

eharooal production activity, but principally through the undis- 

crirainete   destruction by fires which ware set by the farmers and oattle 

raisers in order to olear the ground aa fast as possible from curaber- 

aome fallen tree trunks and underbrush and to prepare it for farm and 

pasture land.    The ashes also represent a good natural fertiliser. 

Oooupation of the land by thase activities was of primary impór- 

tanos and oharooal manufacturing waa a secondary activity.   As a 

oonsoquenoe of the rapid extinction of the native virgin forests, 

the managers of the iron and steal ooapanies realised as soon as 

the 1940-1930 decade, that they could no longer rely on the virgin 

forests and their suooessors as a permanent eharooal supply. 

The remaining virgin forests in the State of Hinaa Oarais 

cover an area of 30 000 km2 and ara now either protected by Law 

as State Natural Parks, or owned by  >ereons who are not willing 

to fell them for the manufacture of oharooal.   The Atlantic Mountain 

Range of the State of Espirito Santo running parallel to the Atlantic 

Ocean as well as parts of South Bahia are still covered with extensive 

virgin forests.    Bern» of these forests are being gradually used for 

lumbar and oharooal and the land transformed into eaoaXyptas 
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for charcoal and pulp manufacture.    Son« land is being usad for 

far» and pasture activities. 

The virgin forestt which still exist in the southern part of 

the State of Go i as have been supplying recently great quantities of 

charcoal produced as the result of the gradual transformation of 

these forests into farm and pasture land.    It is expected that this 

ragion will supply during e few years  three Billion cubic • of oharoosl 

par year.    Some very large agrarian projects are being undertaken 

in that region with the financial assistance of the Government banks. 

Beside supplying wood for charcoal,  the virgin forests supplied lumber 

for construction purposes.    All the iron and steel companies operated 

their own sav mills which transformad the great logs into building 

material for their steel mills and their housing projects.    Some of 

this timber was also sold.    In many plants, until the oresent day, 

one oan observe well oonserved and still useful buildings,  like 

rolling mill bays, maintenance shops,  offices, built with the timber 

extracted 30 and more years ago fi*om their virgin forests and saved 

in their own sawmills. 

Virgin forests oan be very useful on condition that the forest 

operations are executed with much foresight and planning.    The best 

logs should be removed to the sawmills, the inferior quality trees 

only transformed into charcoal.    The Swedish example is vry in- 

structive in that respect. 

We tur ally regrown forests, (seoond growth forests) 

Forests regrov   naturally without the interference of man when 

the conditions are right.    It is most important to prevent damaging 

fires, or at least to keep thee under control.    The cycle of re- 

growth in llinaa Oerais is around 15 years and the wood yield varies 

between 100 and 200 stares per ha.    It is of course a very simple 

and cheap undertaking. 

1 

In Uinas Ceraie the natural regrown, seoond g-ovth forests still 

supply 30 f. of all the oharooal consumed in that State. 
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Principally the largest of the oharooal based iron and «tool 

companies iiake a vary «rood use of the ragrovn forests »Aich art situatad 

in the vicinity of tht iron and rtaal pianta, in the so-called 

"Metallurgical Zone", south and east from Belo Horisonte and in 

the before mentioned Hio Doce Valley.    Thaae areas being close to 

the plants,  offer the advantage of a vary cheap railway and high- 

Hay transDortation.    They are, therefore,  treated with special 

care by the corroanies which protect than-, during the regrowing 

oycle. 

The brush wood (Savanna forests) 

The vegetation of the brush rood is characterised by the short 

and tortuous aspect of the tree speciaa,  whose trunks are covered 

with » thick bask«   The leaves are vary thick.    The tree diameters vary 

between eight and 20 err..    The brush wood oountry coven  14C ,000 sq.tar. 

of the total surface of the State of Ninas Gérais,which is 590,00c sn.icn, 

and 1,700,000 sq.kr. of the total surface of Brazil, "hich.is 8,300,000 

sq.lcn., renreeenting thus 20 £ of the total oountry.    It is a vagatati« 

veil adaoted to the dry savannas of oertain ports of Brasil.    In ¡linea 

Garais the brush wood areas are located in the northern and western 

portion of the State, having no rains during foax to fire aseths parlada« 

To-day the brush woods are the most important supplier of char- 

coal for the iron and steel industry,  producing 60 ** of the total 

charcoal.    They also represent the only important vood reserve for 

Manufacturing charoonl during the next 10 years. 

The wood yield» are vary variable,  batween 70 snd 20C stereo/ha. 

Due to the tortuous shape of the traaa,  the thick bark and the small 

log diaaetere, the yield wood to charcoal is lov, a-sprox. three to 3.5 

steres/m? of charcoal.    Average, thrae ataras» 

7or some tine past, due to the importance of the brush wood aa 

charcoal supplier and charcoal reserve for the future, and also 

for its Dossiblities as future farm- and pasture land, the Govern- 

ment has demonstrated a high interest    in the region and has created 
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Bone incentives for the san«. 

An important aspect is the natural regeneration of th« bruah 

wood. Studi«, obaarvationa and experiments ara being undertaken 

in order to knov the oonditiona which moat favour the natural re- 

growth of the bruah wood. I'm oh raaaaroh work muat at ill be dona 

in order to get a better knowledge of theae conditiona and to make 

uae of then for a faeter regeneration of the bruah foriate. 

The following table ahowa the increaae of wood y a eld and the 

total yield of aome naturally regenerated bruah: 
xaoxe AH 

5 10 15 20 25 30 33 40 ^S*a in yeara 
i.ote.1 average yield 
stere/ha 16 67 108 140 158 195 208 210 

Cyclea in Years o/b 5/1O 10/15 13?0 2025 25ÄO 3#5 35/40 

Increase of average 
yield steres/ha/yr 3.2 10.2 8 7.2 5.6 4.6 2.2 1.3 

The table ahows that the cycle or rotation time ahould be 

at least 10 years and not exceed 20 years because after this period, 

the yield decreases sharply. It acema that the ideal rotation tine 

or cycle ahould be about 15 y «ara, when the brush wood will yield 

an Average of 108 steres/ha. 

Some successful very large projects with euoalyptus reforesting 

in former brushland are no«' being executed by several of the largar 

charcoal based iron and steel oonpanies principally Belgo ¡iineira 

and Aoesita. Broshlsnd in still the cheapest available land in Brasil 

at US'' 40-8O/ha. Brushland is relatively flat or ondulated and there- 

fore offers fair conditions for intensive mechanisation of the oper- 

ations of land preparation, trae planting, wood cutting and trans- 

portation. These projects are all executed with the help of special 

tax incentives which are much higher for the brushland area« than 

for other areas. The distances fror these areas whioh are being 

reforested to the iron and steel slants vary between 200 and 500 km. 

Tor the more renote areas so^e railway transport is being used. 



-64- 

LTH* BT ABZrXCIlL, NU HUE, 

A* aarly M 1940 tha oharooal baaed iron and itMl oompaniaa, 

particularly tha largar onaa, bagan raforaatation. 

Anong tha raaaona for thia vara: 

(i)   Prograoaiva daplation of tha onca larga foraat raaarvaa lo- 

oatad in tha vicinity of tht planta. 

(ii) Dacaptivaly alow natural raganaration of tha foraata. 

(iii) Continuoua inoraaaa in diatanoa of eharooal aupply and,  oon- 

aaquantly, of tha charcoal price. 

(ir) Haoaaaity for oontinuity, regularity, reliability and indepen- 

danoa of oharooal aupply. 

(v)   Haoaaaity of prioa oontrol. 

(tri) Naoaaaity of quality oontrol. 

(vii) Increasing aoarcity of rural labour in tha vicinity of lha iron 

and ataal planta.   Paoola preferred to work in tha planta which 

of farad »attar wagea and living oonditiona. 

(vili) Increasing of wagea and aocial ovarhaada in tha rural araaa and 

tharafora neeeaaity for •echanieation of tha foraat and oharooal 

aotivitiaa. 

(a) Oovarnnant action 

Deapite tha naad for raforaatation iaplementation would have 

been alow and restricted, to work by tha largar ataal ooapaniee if 

tha Oovarnnant had not taken diraet action through tha following 

raaaauraa. 
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(i)   Legal obligation of forest renewal. 

Dino« 1963 all oharooal consumers maat reforest eight traae for 

•ach ir3 of conminad oharooal.    Othar wood oonauman "nut also 

reforest. 

(li) Sino« 1966 tax incentives in th« form of tax credits. 

Thoa« credit« ar«: 
Individuals can raduc« th*ir inoora« taxas up to 20 6 and 

companies up to 25 ^,  subtracting th« amounts invastad th« yaar 

before in r«for«station pro,i«ota.    Thas« figuras ar« preaently 

(1977) being r«vi3«d.    Th« r«foraatation projects way b« «xaoutad 

by th« iron and st««l companies or by spacialiaad independent 

companies.   The follo'-inç deadlines hava b«an fixad for th« re- 

forestation projects: 

By 1965 all vood and oharooal consuming: industrias must b« 

30 ;» aelf-eufficient in their supply of wood froa man aade forests. 

By 1993 they must be 100 % aalf-auffioieot fro« these foraste. 

The reforestation nrojacts vith tax inoentivea must b« officially 

approved by th« Brazilian Institut« of Forest Development which 

has fixed a scries of standards for them.    Some of their, are: 

In order to or«serv« the indigeneous tree suecies and vegetation, 

20 5t of th« original vegetation oover must be maintained.    Of the 

total slanted trees, one peroant mast be of a native tree species* 

(s)The importane« of forostation for Ilinaa Parai« and Brasil 

Th« two Oovemment actions had a most important impact on the 

volume of reforestation in the State of Minas Oerais and in the 

whole oountry, aa the following figures of the Brasilien Institute 

of Forest Development,  EBDF, demonstrate: 
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fehle Id Rrfor-tatiOB <" ^ayil 1950-1976 

Period Reforested area 
in Kinaa Gérait 

Total reforested area 
in Brazil  

195O -1966        100,000 ha 

1967 - 1976       ^65.000 ha 

Total planted area  465,000 ha 

mostly eucalyptus 

350,000 ha 

2,150.000 ha 

2,500,000 ha 

70 % eucalyptus 

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

tries are: 
Mina. Oerais: 156,000 ha (-90 S eucalyptus) 

Sâo Paulos    26f000 ha 

Paraná:      51,000 ha 

Bahia:  35,000 ha 

Hate Grosso:  40,000 ha 

Other States:     .... 192,000 ha 

Total Brasil 1978:   .  . 500,000 ha (-70 £ eucalyptus) 

This yearly figure will soon be increased to 600,000 ha. 

Thanks to the renent great progress in the reforestation activity, 

Brasil now ranks fourth in the world in reforestation. 

1. China: 5,000,000 ha/year. 

2. U.S.S.R.: 2,500,000 ha/year. 

3#      U.S.A.:       800,000 ha/year. 
'      _      .,.                    .  .  .      500,000 ha/year.    Soon to be increased to 

4.      Brasil  J~ 600,000 ha/year. 

The needed reforested area for 100 *   ..lf-.iffici.noy is oalaoliM 

OB the following basis: 

.       ....  3 trß/t of pig iron. Blast furnace oharcoal rate:     J 

1                                          ....  2 st/m3. Ratio wood to charcoal:  ' 

Ratio wood per tm of pig iron: 6 *x- 

Forest yield of wood/ha/year: 2° *i,TW' 
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Total necessary reforested area per t/year of pig iron: 

6 

20 • °'3 h» 

Considering the mandatory maintenance of 20 £ of the original 

oover of vegetation and non-planted areas covered by roads and 

other non-productive surfaoes, the theoretical figure must be 

multiplied by    1.25. 

Total necessary reforested area per t/year of pig iron: 

0.3 x 1.25 - 0.375 h* 

Por the State of Ilinas Gérais, which produoes 80 £ of the 

total Brazilian charcoal pig iron: 

Year Iron output Necessary reforested area 

198O 4,400,000 t 1,650,000 ha 

1986 6,400#000 t 2,400*000 ha 

Taking in consideration the total reforested area of Elinas Serais 

in 1976 of 465,000 ha and the yearly(since 197 6) reforest ed area of 

156,000 ha,  90 $> of which is represented by eucalyptus forests for 

charcoal manufacturing purposes,  it can be forecast that the mandatory 

self sufficiency of 50 $> in 1985 and 100 ','» in 1995 will be reached. 

Although in Minas Gérais the yield of eucalyptus foreste does,  on 

the average,  not yet reach 20 st/ha/year, being closer to I5 st, 

it is expected that in the near future yields of 25 st will be obtained 

due to a better choice of the seeds,  better soil treatment, principally 

through fertilizing and better forest maintenance.    In the State of 

«io Paulo yields of 25 and 30 st/ha/year are oommon. 

There existed, until recent times,  some doubts as to the capability 

of some of the small non-intégrât ed producers of pig iron to reach the 

fixed reforestation quotas,    There have been délaye in their reforest- 

ation   programmes due,  mostly, to financial difficulties.    The State 

of Minas Gérais,  through itB Program of Assistance to that industry is 

helping these companies to overcome their difficulties so that they 

can comply with their legal obligations which are, also,   eased by 

the tax incentives. 
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(e) The Eucalyptus trat 

Nowadays the eucalyptus represents the only tree speciOB 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 it« excellent 

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 Brazilian 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 

euoalyptus forests. Beside representing 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: Government 

regulations as to natural species.) 

Nevertheless, even considering the good qualities of the 

euoalyptus genus, it is necessary to make the correct choice of 

the species and varieties in accordance with the origin of the 

seeds which are used and the climatic conditions of the regions to 

be reforested. Other important factors to be observed are: 



- 69 - 1 
The period at the beginning of the rainy season when the 

treeB are planted. The treatment of the Boil before plantation 

and during the forest growing period. The fertilizing of the 

soil. The preventions against diseases, pests and fires. 

Prom the hundreds of existing eucalyptus species, the following 

have given the best results as to fast fe-rovth, resistance to 

diseases and pests and good yields: 

Eucalyptus grandis, saligna, alba, paniculata, teretioornis, 

citriodora, maculata and aicroeorys. 

The trees a — planted at altitudes varying from the sea level 

to 14OO n. Although some of the chosen eucalyptus speciCB are some- 

times not the best suited as to charcoal quality, for example 

Suoalyptus grandis, they are nevertheless intensively planted due 

to their high yields of wood per ha and year. The best charcoal 

quality ìB obtained from euoalyptus paniculata and citriodora. 

The best suited eucalyptus species depends much on local 

conditions and is being continuously researched by the Porestation 

Departments of the Government, the Agricultural Universities, the 

more important iron and steel companies and the specialised fore et- 

at i on companies. As a result of the continuous studies, a reforest- 

ation map of the State of Minas Gerais has been established, 

dividing the State into 10 zones according to the characteristics 

of the topography, soils, climatic and pluvial conditions. Por 

each zone, the best suited eucalyptus (and pine species for pulp 

and paper) have been indicated. Sometimes, in Brazil, the 

intensive reforestation programs with eucalyptus trees are 

criticized for drying out the soil, loss of soil fertility 

and decrease in the fauna. 

These criticisms have proved groundless. The chemical 

examination of the forest soil after several years of planta- 

tion shows an enrichment of its minerals content. As to the 

supposition that the euoalyptus dries out the soil, it has no 

scientific basis as is proven by the successful experience with 

euoalyptus forestation in countries with pluvial conditions of 

300 to 700 mm per year. These countries are:  Angola, 



1 
-70- 

Arfurtìnfc, Chile, Iarael, Italy, Kenya.,   Moroooo, Pan, Portugal, 
sfcodssia, South Afrioa, South Spain, Turkey, part of th« USI. 
It la a wall known fact that the a« oountriaa bava acaro« hydraulic 
réservée bat nevsrth«l«sa thay oontisas to plant auoalyptua foresta 
without depleting thair acaro« water rosouross.   la to th« decrease 
of the fauna., the oontraxy haa htppenad, as the nusber of ssall dser 
and larser bird« is inorsssing.   Bowew avail birds aosetiaes find 
nastinc difficult!«« in the «uoalyptu» trass, due to the sbsenoe of 
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3.      ORGANISATION AND OPERATION OF FOHESTATIOK 

The goal of the forestry activity is to aake the iron and 

steel companies self sufficient in wood end charcoal supply. 

Toe smaller companies, principally the non-integrated produoers 

of pig iron, execute their reforestation projects through inde- 

pendent specialised reforestation companies which have been founded 

in great numbers sino* 1967 as a oonsequenoe of the tax incentive. 

These companies own or rent the neoessary land for the reforestation 

projects or plant on land owned by the iron and steel ooapanies. 

The forestry subsidiaries of the larger oonpanies own most or 

all the land, from 20*000 he for the medium s i sed, up to 250,000 ha 

for the largest ooapanies.    Soaetiaes land is also rented.    In 

Minas Oerais the properties are geographically widely soattered, 

present a great variety of topographies, are situated at altitudes 

of 100 m to 14OO a and up to 700 ka fro« the plant. 

In reoent years there is a trend to oonosntrate the forestry 

activities on large pieoes of continuous held land.    A multiple of 

6000 ha, for instano* 8 x 6000 - 48*000 ha, gives very advantageous 

and economic operations of forestation and oharooal manufacture*   laoh 

year the trees on 6,000 ha are felled but only 2,000 ha are replanted 

since the trees regenerate twioe after cutting before replanting is 

neoessary. 

The overall planning of the forestry activity is done years in 

advanoe and each year a special and detailed plan is traced.    The various 

operations to be executed in the oourse of the year are each determined three 

nonthe ahead.       The forestry activities extend over the whole year.   They 

are:    Growing of the seedlings, preparation of the soil, planting, maintenance 

etc. 

(a) Seeds 
The seeds are pioked from special trees,  carefully grown, protected 

and isolated in order to guarantee, aa far as possible, the pureness of 

the species and, by ao doing, the qualities of the future trees.    Some 

seeds are brought from other plaees and even imported from other countries 

like Australia, South Africa. 
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It it always important to bring the seeds from placee with a 

similar climate to that of the final destination.    The quality 

of seeds is very important and continuous research work is done 

to determine the roost suitable.    Companies like Belgo ¡Uneira 

and Aces ita intend to produce all their own seeds of a very high 

purity. 

(b) Tree nurseries (or seedlings) 

They are located on a rectangular,  flat area of approz. 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. 

This surface will receive seven Billion plastic bags containing the 

seedlings.    The seedlings must exceed by 40 f, the theoretically 

needed number of plants to compensate for losses  arising fron 

frequent 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 is covered with sand or charcoal 

fines which have been previously pulverized with Aldrin (5 f>) 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 woman. 

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 hag»   The seeds are than 
covered with a thin layer of sand and finally cut rice straw.    15 days 

after germination,  a fungicide is given, the healthiest seedlings 

selected and the bottom of the bags out open.    To obtain best results 
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and faster growing, it will be necessary to male« ont or two mora 

aalaotiona. After 45 to 75 day a, the „'oung shoota ara ready to 

ba plantad in tha fiald. 

(o) Preparation of tha fiald and planting 

If tha fiald operations are aaahaniaed, th* land is cleared 

of its vegetation oover Toy two caterpillar bulldozers which drag 

a steel chain between them, 100 in long and weighing 150 kg per 

linear meter. 

The torn-out stumps, after drying, are removed by caterpillars 

equipped with aoraper blades. The stumps are used for charcoal 

production. The operations which follow are: 

Deep plowing, harrowing, subdivision of the field in rectanglaa, 

making sufficient trades for future forest operations, such aa 

hauling the wood and easy acceas in oase of fire. Reoently it 

has become usual to gravel the principal access roads aa they must 

be used during many years and at all aeasons. 

The planting of the young treea, immediately followed by watering 

(sprinkling), is done just before the start of the rainy season. 

Where the terrain does not allow the use of oaterpillars, the 

operation of removing the tree stumps is done by gratings, first 

roughing, then final grating. Where no mechanisation is possible, 

due to the nature of the terrain or unavailability of machinée, all 

operations are executed manually. 

Nowadays the plant spacing is 3 x 2 m, reeulting in 1,666 ti 

per ha, for simplification the figure of 1,700 will be adaptad. 

Tears ago, the trees were planted cloaer, but experience has shown 

that greater spacing is advantageous for better and faster de- 

velopment of the planta, easier mechanical maintenance irnd forest 

operations. (Starting 1978. Belgo Hineira will plant at spaoea of 

3 x 1.5» - 2,222 planta/ha.- Results will be known in several years.) 
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tliBhinigai il «UM- 

A special plant in« smohine baa been developed, patented and 

built by Belgo Minaira which executes the following oparationas 

Opening of tht furrow,  exact addition of Aldrin in tht axaot apot 

»•hart the seedling will ba plantad, distribution of tht fartiliaar 

along the furrow and dropping of tht aaedling.    The machine, which 

plants 16,000 stealings in eight hours, is operated by a total of 14 ami 

two BOB on the Bachine sad «he tractor, 12 men handling seedlings and 

manually closing tht furrow. 

Kennel planting. 

The stedlinge are transported as far as possible by tsmrtmre 

or trucks and then by mule packs. The holes are 'nadt by men, the 

seedlings planted and the furrows oovered with soil by women. 

weeding. 

Where grass species predominate, a light howiag smart be done 

twice or thrtt times a year. When grass is not present a single 

hewing may bt sufficient. These operations can be done manually. 

During the period of formation of the treea, it will be neoesaary 

to weed three times a year with a special tool. 

During tht ptriod of maturation, weeding must bt dont, manually 

or meohanioally, several times a year in order to suppress tht under- 

growth which impedes the good dtvtlopmsnt of tht trtes. Sprout 

cutting and weeding is done 12 months after the first felling during 

tht regrowth cycle. 

Pests 

Starting with the field preparation, the activities of termites 

must be continuously controlled and fought.   Thia hasard is permanent 

and must bt watohed during tht periods of maturation and regrowth 

by night guards.    Caterpillars are another hasard.   Best results have 

been obtained through biological oontrol. 
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The «ort oommon disama« la tree nuraeriea is a fungu« which 

attack* tht aeedlings. This ia prevented and combated with 

iasaotioidas. In tht forcata, the tra« bark ia attaokad by 

another fungua, callad "Diaportha cubana it" which oan oaua« 

poor regeneration of all eucalyptus apaoiaa. Tha only effeotive 

remedy ii to ohoaa fungua raaiatant apaoiaa. 

Exoellent raaulta bava baan obtained with woman for all 

light work, principally in tree nurseriea and esumai planting. 

(*) Bia forest opération» 

The planning of the falling operations, aa well aa the aeleotios 

of the forests to be out, oust be nade well in advmaoe. In Brasil 

the yearly felling program« starts in January and anda in Deoember. 

The oharooal manufacturing programme start» three months later, thmt ia, 

in April and anda in March of the next year. The prooeas ia oon- 

tinuoua. 

Eaofc area of foreat to b« failed is divided in fear dietinot 

sections to allow clearing of the forest underbrush, to oontrol 

the operations of gathering, hauling and drying of the loga at the 

nearest roadside and the operations nsoeaaary for a Cast rege- 

neration of the new fores.. 

The clearing of the underbrush is don« 30 days before felling. 

(•) Th» felling of the tree« 

This operation ia don« with axes or preferably with motor-aawa. 

The treea must all fall in on« direction to avoid mingling the loga 

whioh would cause additional handling work. The height of the re- 

maining stump« should not ezoeed 20 oentimetere. The out must be 

done in besel snap« to facilitât« regeneration. The good raaulta 

of the felling operation will depend on th« following f act ora t 
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Oood training and distribution of the labour foro*. Good clearing 

of the foreat floor, foiling of tho trees in on« dirtetion, effi- 

cient tools in good oondition, diameters of th« trees, topography 

of th« field, good supervision. 

Reoently, in vary large forests, special large naohinas are 

being used experimentally which combine the felling and hauling operation 

of the entire trees. Whan harvesting the traes la the last oycle, 20-23 

yeare after planting, the «hole tree ie pulled oat with ita 

Inora—aa of the wood yields of 15 to 20 % ara reportad in 

to earlier methods. 

(f ) Transport of the wood to the roadside 

After felling, the trees trunks are cleaned from their branches, 

out or. the apot into lengths or multiple of lengths of pieoes suitable 

for oharcoal manufacture, which is generally 1,30 m. Sometimes 

the sntire poles are transported to th« nearest road and out there, 

but the first method is generally preferred. 

The gathering of the felled trees and their removal to the 

roadside must be oompleted within 15 days maximum after the felling 

operation in order to not hinder the sprouting of the shoots. Th« 

efficiency of this operation will depend on various faotors, the 

most important being the correct ohoioe of the transportation means 

used in relation to the distanoes to the roadside, as those have a 

direct influenoe on the oosts. 

Transportation distanoes of wood and efficiency of operation 

Distónos in meters Arbiter? Unita % increase 

500-400 100 - 

400-300 108 8* 
300-200 114 656 
200-100 118 4* 

<100 120 2* 
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It it neoessary, for efficient transportât ion, to determine tht 

«wot nurnbar and oorrect distribution of the labour involved, 

keeping in mind that tht personnel mist be kept oocupied to a 

maximuei in aooordanoe to the distances to be oovered. 

The various means of transportation of wood to the roadside are: 

(0     By men hauling the logs;  this is rarely used. 

(i-0   By mules which carry the wood in baskets; this is used en •ary 

steep slopes. 

(m) By oxen which haul entire trunks or pull carte loaded with wood. 

(IT)   By mechanical devices 

Inolined   troughs or chutes. 

Tractors hauling entire trees, this is expensive. 

Traetortype loading machines.   These devioee are suitable for 

flat terrain and very large industrial i sad operations;    large 

investment is needed. 

Drun winches, diesel-powered, pulling a steel rope, to which 

are attached, at regular intervals, by means of special catchers, 

bundles of tree poles,  "hich are dragged over the ground to the 

roadside.    This* device is very simple, cheap and efficient.    It 

oan be used on all terrains with slight to steep inclination. 

The winch is easily moved from ons plaoe to the other. See figure 2. 

Movable aerial ropeways.    These are expensive,  difficult to 

install,  opsrate and to move from one plaoe to an othsr.    Their 

use has therefore been abandoned in the State of îîinas Oerais. 

They remain popular in other oountries with different conditions, 

like Australia,  Germany, Austria,  Switssrland. 

All the above described transportation mean« are frequently 

oombined.    The general rule is:    Simplicity, ruggedness,  flexibility, 
efficiency. 
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(g) Fili« the wood 

«lis operation may be 4OM la the forest or, after transport, 

along th« roadside. It ia important to obtain an exact knowledge of 

th« forest production, tha foroat yield and for th« paying for the dif- 

férant oparationa. Th« supervisor auat watoh that th« length of th« 

wood is oorreet, 1.30 a, and alwaya oonatant. Th« wood pile« must 

have auffieient strength and have a unifore and oorreet height. 

Thi» is important to faoilitat« th« operations of loading and 

transporting th« wood to th« kilns after seaaoning( drying). When 

piling th« wood, gaps b«tween the pieoes moat be avoided. After 

piling has been ooiRpl«t«d, th« wood is neaaured and th« volua« 

indioated in stares. 

Sonatines th« wood is piled in th« forest. This will help in- 

ores*« th« «ffioienoy öf transport to th« roadsid«. After aosaers 

aast, th« wood piles are narked with the dat« of falling at 

different spots with red, waterrepellent ink. Pro« this point on 

the wood nay be distinguished as firewood. 

(h) Transport of th« firewood to the eharooal kilns 

(i) ly mules when th« terrain is very steep and the kilne are 

nearby, 

(ii) By raeohanieel means. 

a. Agricultural type tractors pulling a certain number of 

oarts, 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 kau For greater dlatanoea tränke ars 

preferrable as they ere nor« «oonomioal. Seoently, 1977. Belgo 

Mineire, which used th« tractor and cart method for many years 

s>dtched to truck transportation which is reported to b« mor« 

flexible but questionable whether it is cheaper. 
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For effioient transport by carta they should b« used in 

ths following proportions, depending on distance and road 

conditions: 

3 oarts: One being loaded, one beine pulled, one being unloaded at the kilns. 

6 oarts: Two being loaded, two being pulled, two being unloaded at the kilns. 

9 oarts: Three "  loaded, three "  pulled, three "  unloaded at the kilns. 

Independent contractors can usefully be used for this transport 

thus avoiding investment in transport equipment. 

(i) Natural wood drying or seasoning 

Freshly felled eucalyptus trees contain frorc 50 £ to 60 £ free 

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

crease yield from the kilns. 

The fuel consumption and the oarbonisinjr time in the kiln depend 

on the moisture content. To avoid the cost of transporting large 

quantities of undesirable moisture the wood is air dried or seasoned. 

Vfhen piled in the open air between 90 and 120 days, the wood 

losas 30 to 35 l,i of its weight and 10 £ volume, depending on the 

season. After 90 to 120 days the decrease of weight is slower, 

reaohing 50 to 60 £ after five years. In Mina* Gérais wood is there- 

fore stored for 90 days before being charged into the kilns. 

(j) T)ood Storage 

A wood stook of about tares •onth« kiln oonswsption is naowmmaj. 

This stock is held in the forest or at the roadside or at the charooal 

kilns. 

However as the forest must be cleared within 15 days after 

felling only 16 % of the total stook can 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 accordingly. 

During the dry season the amount of firewood stored at the 

kilns site should just he 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 %  of yearly consumption. 

Dried wood shrinks and for that reason the difference between 

the volumes of wood measured immediately after felling and the 

volume after three months drying «mounts to between 10 - 15 %• «hen 

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 MAHÜPACTUHE OP CHAROOAL 

(») The process of carboni»atiop 

Carbonisation of wood is a prooess of heating it at certain 

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 a certain amount of organic chemicals 

and leaving a residue of pure carbon. 

Belov 170° C, practically pure water is released.    Above 

that temperature, wood will begin to carboni M and up to 250 

partial decomposition takes place with a pyroligneous product 

containing acid but no alcohol.    At 250 -  2?0°C an exothermic 

reaction begins and continues without requirement of heat from 

external sources.    In all methods of carbonisation some source of heat, 

external or internal, must be provided normally through the combustion 

of part of the wood-charge to be oarboniaod   which is the case for 

all kilns and the kiln type furnaces.    Wood is Belf-oarbcmiaing at 

8.5 £ moisture content if the heat of the charcoal is recovered and at 

2.9 £ if the heat from the charcoal is not recovered as in kiln type 

furnaces. 

This heat must be provided to reduce the moisture to self 

carbonili*« level, plus an allowance for losses from furnace walls etc. 

The oarbonising 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 charcoal is heated for 

s«ven minutes at 950°C in a neutral atmosphere.    Its contentfl 

decreases with temperature on a linear basis.    As the volatile 

matter decreases, so the fixed carbon increases, and reaohas a 

near maximum at just over 700 C. 

Typical carbonisation results of laboratory tests ara: 

Prom 150° C to 200°C  60 £ Carbon 

Prom 200° C to 280°C  68 £ Carbon 

Prom 280° C to 380°C  78 * Carbon 

Prom 380° C to 5CO°C  84 % Carbon 
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(b)   Wood carboni«ation in kiln» 

The composition of absolutely dry wood varies little with 

the species and on average has Carbon 50 - 55 £, Hydrogen 6 - 7 Ü», 

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 550tOOO to 600,000 Kcal.    In practical operation 

between 15 and 20 $ of the wood,  depending on its moisture 

content and other factor»,  will be consumed as heat source    for 

the carbonisation process. 

The heat contained in the combustion gases will,  before 

leaving the kiln,  completely dry the wood and heat it until the 

carbonisation process is self-supporting through the exothermic 

reaction, which starts at 250    to 270    C.    The better the gases 

are conducted xhrough the wood charge, the better their heat will 

be transferred to the charge, the less wood will be consumed through 

combustion and the uigher the yield. 

The yield expresses the percentage of the wood input and is 

related to the type of kiln,  the initial moisture content, the 

carbonisation 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 also a 

burner. 

In the Brazilian practice of charcoal manufacture in kiln 

beehive furnaoes, the yield is expressed by volume,  rather than 

by weight, since volume is more easily measured.    The brick bee- 

hive kiln developed in Brazil is a good example of a properly 

designed kiln but even so yields by volume vary from 33 to 60 %. 
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33 - 38 i> - 3.0 - 2.6 Steres/m3 oharooal - Low - usually from brushwood 

40 - 45 56- 2.5 - 2.2 • Pair 

46 - 50 $» 2.1 - 1.85" "    " Oood 

55 -  62 < - 1.8 - 1.6 " "    " Excellent practice. 

Yields by weight are lower and vary between 20 - 25 % of 

seasoned eucalyptus wood which weighs 500 kg/st after 90 days 

storage. 
Eigh carbonising 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 a high carbon content, a low density and a 

low mechanical strength, which latter is undesirable for blast 

furnace use.    It is therefore neoessary, when manufacturing blast 

furnaoe charcoal, to make compromise between carbon content and 

mechanical strength,  this latter being the more emphasised quality. 

Therefore as a rule in Brazilian practioe with kiln furnaces,  the car- 

bonisation temperatures are kept low, between 380    and 420 C,  and 

the process is conducted slowly.    Another advantage of alow carbo- 

nisation is that larger pieces of wood tend to break less than in 

faster methods and the resulting charcoal has a better average size 

than when carbonisinj; fast. 

The combination of the two factors,  temperature and time,   is 

represented by the carbonisation curve which will,  when correctly 

applied, result in charcoal with a reasonable carbon content,  a 

high density and a high mechanical strength. 

In this respect Brazilian charcoal manufacturing practioe and 

the quality of the resulting charcoal, are different from Swedish 

practice which emphasises a high carbon content,  low volatile matter 

and resulting low tendency to s elf-ignition. 
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(o)    Beehive oharooal kiln« without recovery of py-producte 

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 Minas Qerais 

are internally heated,  fixed, batch type.    The important 

iron and steel companies operate several thousand of then. 

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 tytte of kiln is referred 

as "Beehive Brick Kiln". 

Figure 3     Beehive Brick Kiln 

Penerai Data 

Kiln diameter 5 • 
Nominal Kiln volume 46.94 «3 
Effective Kiln volume 45*31 «3 
No. of air inlet ports 18 
No. of smoke stacks 6 
Ho. of outlet ports 6 
No. of emergency outlet 50 
ports 
No. of brioks required 85OO 



- 86 - 

Ibi a desiai has the following a&vantagest 

Th« gaaea pass through the wood charge*   Ih« hast contained in th« 

gaaea is partially uaod in the prooees of wood drying ani carbonisation. 

Good yield, up "to 62 £ in TOIUB» - 1.6 at of wood/a3 oharooal whan 

proporli operated. 

Low ooat, approxiaatoly U8t 700 inclusiv« tho aeoooi roads for truoks. 

laay oanatraotion Two son build a kiln in eight day« 

Siaplo •ataríais   ......8,900 burnt clay bricks with only ono stool 
for th« doaa.   Io oonoroto foundations. 

1 

Long lifo asas Dp to six yoars on th« asa« piso«.    Can be 
diaaantl«d without substantial leas of brisks 

and DO robuilt at anethor sit«. 

Unifora oarbonisation. 

Dnifora oooliag bsosnas th« walls ar« ooaplotoly in contact with th« 

outsido air« 
Short oparatinf schedule:    Approxiaatoly on« woak.   This tins could bt 

shertanad throufh foroad oooling with fino wator sprays. 

Unifora control of interior ooabuation through 18 air inlot porthol«« 

for tho entrano« of tho aaoaaaary ooabuation air. 

Easy and ofaoap aaint«nanoat littl« repaire, no wall cracks, no 

eleotrioii», vary littl« wator, approxiaatoly 100 liter per kiln 

and per batch. 
leoeatly, 1977, larg« acal« axperiaanta are being asd« by CAT, aub- 

aidiary of Belfo Kin«ira, with a aodified design of this kiln in which 

th« six outaide ohianeys bare boon substituted by one oenter etaok.   Th« 

results are excellent.   Patenta on this design arc pending. (Cooper* alee 

the Swedish foreat pil« with outaide ataok). 

Slop« tree b—hiv kilns 

i variation of th« «Beehive briok kiln" ia th« oiroular, four astre 

disaster kiln which ia built into a slop« or hill which foras th« alas 

and rear walla of th« oiroular kiln,   Thia type will b« referred te es 

"Slop« type kiln".   It uaoa oonaiderably fewer brick». 
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rifar« 4   flop« typ« B««hlT« Bri ok lila 

air inlot 
•ornine, lila voioae 24.8a3 
Iffoctivs Kiln voluae 21.6*3 
Ho. of air inlot ports 1 
Mo. of sank« «taoka       3 
l|o. of outlet porti       4 
Ko. of «a«rr«ney 
outlot port« 4 
Io. of briok« 2,000 

liany thousands of these kilns are in operation in Minas 

Serais and in Brazil.    They are very popular among the small, 

independent charooal producers.    Their operation is somewhat 

easisr than that of the   b»«hiv«   brick kilns because they 

have only one air-port to control against    18 for the  b««hiv« 

kiln«.    Chemical and physical composition as well as yields of 

oharooal produced in slope type kilns are very close to those 

of oharooal produced in    boohive brick kilns.    No significant 

differences between the qualities of the two oharooal types 
are reported. 
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la tht futur« it is possible, with th« inoreased demand 

for oharooal fron the larg« iron and steel oompaniee, that 

•on« improvements must b« sought in th« oonrtruction and 

operation of th« charooal kilns.    Som« of th« improvement» proposed are: 

(i)   Inorea»« of the volume and improvement of the present kiln design. 

Example:    Steel charging and unloading doors sod eentral stack ave 

already being used la larga seal« operation toy Balge Mimara. 

(li) Bettor and farter drying ef the wood. 

(ili) Bow »ohafilsatlec ef th« kiln operati«« 

(iv) Taster ooollag of th« oharooal inside «he kiln. 

(*) Brasilien oxporionoo with other type« of «rill*"*4- *—»"" 

Some 20 Tsars ago, Belgo Mineira intended to introduce in its 

charooal operation,  continuous rstorts, giving high yields and with 

th« r«oov«ry of some by-p.roduc^ principally tar.    It was intended 

to adopt a continuous type furnaoe which had previously been 

successfully opsrated in lustrali*, Belgium, Traaos«    Several of 

these units are in operation in thes« countries (see Beetles 4.1.2). 

The principle of design and operation of these furnaoes or retorts 

is to utilise hot gases as a medium for both drying and oarbonising 

th« wood as well as for cooling the oharooal.   The gases are 

circulated oounterourrent to the wood and heated by partial internal 
combustion.    The wood, which has been previously dried in a separate 

retort by the hot gases, is fed continuously into the oarbonising 

retort and oharooal is removed, also continuously, at the bottom 

of the retort.    The duration of the complete prooees,  from the entering 

into the retort until its exit as oool oharooal, is approximately half 

a day, as against one week for the   beehive briok kilns.    The in- 

tention was to install several of these retorts with an annual 

oapaoity each of 25,000 as trio tens of oharooal - 100,000 cubic 

meters each.   These vertioal steel retorts were to have a diameter 

of 2. JO m and a height of 22 m.    Each wood drier had approximately 
the same dimensions. 

1 
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The yields wert expected to be: By weight of air dried wood: 

33 £ (against 20 % to 25 % for kilns). 

By volus» of air dried «rood: 66 % (against an average of 45 to 55 % 
for kilns). 

Notwithstanding the expectancy of exoellent results, well 

demonstrated by several practical operations in the above men- 

tioned countries, it was decided st the time, oa. i960, not to 

install these large retorts for the following reasons: 

(l) Very high initial investment.  10 to 20 of these units would 

have been neoessary, grouped at the carbonisation centers in 

numbers of two to four. 

(ii) Delicate operation, which, at the time, would have represented 

a great effort for the company management and the personnel, 

(iii) Necessity of the installation, at eaoh oarbonisation plant, 

of a large sawmill to cut the wood into pieces of approx. 30 can 

length for the charging device of the driers and the retorts. 

(IT) The unsurmountable difficulties of transporting economically 

even seasoned wood (25 - 35 /» moisture) from the widely 

scattered natural forests to such large oarbonisation plants. 

Because of their size these plants would have to be spaoed 

20-50 kms apart.. 

The limiting distance for economic transportation of fire wood 

is about five km •axisn», it is thus neoessary to «ore the oar- 

bonisation oentres as close as possible to the forests. 

This has been successfully and economically achieved during: the 

past decades and until the present moment, with the simple,cheap 

and efficient beehive kilns. 

With the recent trend to large eucalyptus forests, covering; 

continuous areas of «any thousands of ha, yielding a oontixmous 

supply of regular wood quantities and allowing the mechanisation 

of all operations, it may well be possible that the installation 

of local continuous and mechanised charcoal plants will be re- 

oonsidered. Studies are now being made by private companies, 
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«nd hy •"«•»l Oovarnaant -4 «*i**ta »•««* oantraa, to •«•in« olhor 

ovtaBlsiag Mttiii «hi* «ill •**• •»*•* ji^di. 

Another aapact of this qawtion is th. inora... of th. prie, 

of th. di.tillation by-product, .ino« Octobar 1973.   *• • oon.aqu.no., 

carbonisation prooaa.a. with raoovary of by-product., or at laaat 

of .o». by-product., »ay b. raoon.id.rad in th. n.xt futur..    A 
r«ainin« drawback i. th. high inv..t»ant for th... in.tallati.on.. 

(•) 

Ä.   Whir, tei* Idi» •*. ««*• 1* »«ttorios •* «•»• U» ,t0' 
1W*«lUPl.^-~.   Ih. »1^. t^ kiln. « »T^d 1» LtfriM 

of Ut 28 ote., alaay. » «ûtipl. of M. 

f** tettaxr i. at*«*«a Vy «ûy twa •**, OB. oherooal operator or 

asi «a. helper. 

A nfcarnttl prodaotion o«*r. o««priee. on. or »or. batterie, of 

•Mb ooaplete «it» the infra.trautiir. aoooaaery for 
u   For «••»la atookyerd for fir««oo4, for oaaro« 

for tra- OMI loealaf faoilitiee, aooaao ra«dai «»tar «apply •*«• 

Operati»« oyólo for be*i«e «ri* Utas 

Oharooal dioohargiBf •»* fi*««oo4 eharglatT'           • 

Carbonisation     '••  M 

Ooollafft       •  

fetal eyelet 192 hoar, or ei*t day» 
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ive 

a carol« of * eevon kiln oharooa 

11M operational oyóle of oaoh of the seven kilns starti on 

dar».    If kiln Io. 1 is disoharged and recharged (eight boors) OB a 

taon Kiln Io. 2 is diaoharged and recharged on a Tuesday «to.   Ella lo. 1 

«ill then be ready for diaoharging and raobarginf on tba following Tuesday 
and liln Io. 2 on the following Wednesday eto. 

Sunday ia a rea* day on «hieh no kiln disoharging or obarging ia done. 

Kilns dna to be disoharged on Sunday are dealt with the following Monday. 

Ihm the oyole ropa—auoea on a Honday for eaob kiln in tun after 

Qwraoteriitioa of   Beehive and Slope Tros Kilns 

Voli 
Type of Kiln 

lonina if 
of Firewood 
tíSBL 

Beehive 
Briok Kiln 
5 a Diancfr 

40.94 

Slopetype Kiln 
4 a ULaaeter 24.8 

TeeT 

37.34 

Ratio: 
Real 
lominal 

17.40 

70* 

60* 

Charcoal volant 
in a   per batoh 

17.Ö 

8.9 

Average 
Tieldt 

Gharooal 

2.1  i 1 

2.2 t 1 

The above average yields are thoee obtained until about 1975. Sinoe 

1976, through oontinuone reaearoh and ezperiaent, the lnprovaaaut of 

operational oonditiona, the training of eharooa] bornera and batter super- 

vision, the yields of oonpany operated kilns have continuously inproved tot 

1.911 (53*), 1.ÖI1  (55*) and "1.7:1 (59*).   Tielda of 1.6i1 (60*) are being 
obtained reoently in routine operation (1977). 

Production of a aoven beehive kiln battery ia 30 days ^ z 7 - 26.25 

batohaa - say 26 batohea. 

•neh batoh - 17*8 a3 of oherooal. 

Monthly production 17.6 z 26 • 462.8 a3 oherooal. 

and   yearly production   17.8 z 26 z 12 - 5,553*6 wr oharooal. 
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ttlon and oonatruatlon of baah\<- **«* *il»». 

Instruction* 

First fit tuo legt oroaawiae on the inside of the discharging door« 

Than block up th* discharging door with bri ok* laid without aortar. 

Th« outaid* of th« door to b« bruahad with a day «lurry but only aftar 

oharging has b««o ooapl«t«d. 

Charfinf oan now oo—no«. Th« logs art plaoad vertioally, th« 

thinner pieoee again** th« wall, th« thiokar on** toward* th« o«nt«r of 

th« kiln, whar« th« temperature will b« highar. Put th« chisel-shaped 

baaa* of th« log* on th« kiln floor to aak« circulation of th« gasa* 

aaaiar. Th« wood pilad under th« do*» oailing aust b« plaoad hori- 

sontally, on top of th« rartioally pilad floor wood. Fill up well into 

th« do««. Th« wood oust b« piled a* cloa« together aa poaaibl«, to 

obtain a -f*—" amount of material inaid« th« kiln. Uà« a riti**: loo*« 

•truotur«, and aom« kindling, cloa« to th« ignition opar ng to aak« 

ignition eaaier. If thar« is *oa* d«t*rioratad wood, thib most b« plaoad 

to the disoharg« opening a* the ooal produoed fro« it will have a 

tendency to ignite eaaily *o if that happens it oan be rapidly renovad, 

whan discharging th« kiln. Cloa« th« charging door in th« «aa« manner 

a* ha* been done for the discharge door. 

Whan th* kiln i* ready for ignition, all port-hole* and opening* 

muat be kept open. 

(ii) Ignition of kiln 

Introduce through the oentral opening in th« do*M a shovelful of 

glowing (inoandeaoant) ooal. In the rainy season it «ay b* n«oe**ary to 

help with KM keroaen« or u**d lubrioation oil. Ua« th« oantral opening 

only for ignition, a* fi« oarboniaation prooea* auat prooeed from top to 

otto«, it th« start of th« ignition period, *aok* will i**u« fro« th« 

ignition opening, first whit«, admit** later dark ooloured. This i* a 

1 



-94- 

»ignal thai tba firt has oaugfat.   Th« opening anst than be plugged «lib 

• brick brushed with elay «lurry. 

(jiii) Carboniaation 

T—•illttilj after ignition, aaoke iasues fron the outlet porthole», 

initially whit« oolored, which ncana that the oarboniaation area it 

increasing.   Th« «aergaaoy outlet porthole« and the port« looated in the doae 

are now plugged. 

The «taoki (ohianey) «tart making.   The kiln operate« fro« now on 

exclusively with the oontrolled air supplied through the airinlet porthole« 

and on the draft of the staoka expelling the carboni «ation gaae«. 

The earbonisation proo«»« prooeed« froa top to botto« and al«o 
horiaointally.   1»« ohianey« «mat be watohed to ensure they work uniformly. 

Thi« ia aohieved by controlling the draft of air entering the air inlet 

porthole« by varying the position of a briok loosely lnolined againat 

the porthole entry. 

The charcoal burner control» the oarboniaation by observation of 

the «»ok» oolour iaauing fron the ataoka.    Carboniaation prooeeó> a» long 

a» the oolour ia unit« or clear. Later, it turna to bluish and then to bin». 

When thia oolour beooaea «toady, the airinlet porthole» mu«t be cloaed. 

At the end of the oarbonia»ti<m   the «aoke beooae« colourlea» and 

transparent.   Wh»n, on top of the ataoka, a »one of approximately 20 en 

height of oolourlea» aaoke appear» the chimney» are cloaed. 

The »tack» do not present simultaneously the aaae «aoke oolour even 

when every precaution i« taken. 

It ia therefore, neoeaaary to regulate, one after the other, the air 

inlet porthole» and to oloae the oorr««ponding «taoka.   TJ tee will continua 

to issue aaoke BOB« time after th« airporthol«« hav« bean plugged.   The 

ataoka should not be closad too aoon to avoid the pre«enoe of unoarboniaed 

pieoa« of firewood. 

Onoe the »taok» have been cloaed, the oarboniaation prooeaa ia 

terainated.   After closing all openings, they aust 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 content. 

(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 baok 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 moBt cases,   it will be necessary to close immediately 

the kiln.    The result is always a loss of charooal.    Sufficient water, 

at least one barrel - 200 litres -, must be readily available before 

the kiln is opened.    The spaoe in front of the kiln, where the charooal 

will be stored, must be clean.    Fresh charcoal must never be placed 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,  which are done manually with a special large 

fork and a basket.    It is good practice to separate all uncharred  pieoes 

of wood bricks, ashes, charcoal fines and clay remnants.    Uncompletely 

carbonised pieces of wood are separatee  and reloaded with the next bat oh. 

The discharged charcoal is heaped and stored in a way to allow thorough 

airation.    This is also called curing.    Fresh charcoal absorbs oxygen. 

This chemioal reaction is accompanied by a rise in temperature which can 
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reaoh a degree to cause spontaneous ignition. Therefore freth 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 nonth, 

when oharooal operators are anxious to complete their monthly quotas 

of oharooal production, it frequently happens that the coal is un- 

sufficiently cured, causing fire hasards. 

During curing, the charcoal heaps should not exceed 1.50 m height 

or depth to permit a thorough contact between coal and outside air. 

After unloading, the botton of the kiln is cleaned. All air-ports 

and stacks are opened and cleared fron carbonisation residues. The 

entire inside of the kiln beoomes heavily coated with hard tar or pitch 

which oondenses and builds up during successive charges and protects 

the bricks. 

(viJ  Carbonisation in slope type kilns 

It is the same as in beehive brick kilns. 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 aoc 

without roads. The unloaded oharooal must be transported to the 

nearest road, or to a reloading place, by mule packs. To make the 

oorreot ohoioe between the two types of kilns, the following points 

of comparison may be oonsidered: 
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Beehive Briok Kiln 

Ho special topography required. 

It will be frequently neoessary to 

do son« important earth moving to 

prepare a good sised flat area. 

Slope Troe Kiln 

Heoeeeary to bare a natural elope 

or to prepare an artificial one. 

Very little earth movement re- 

quired. 

No special requirements aa to the 

texture or composition of the soil. 

In case of sandy soil, the floor 

must be nade of clay brought fro« 

another plaoe. 

The texture and composition of the 

soil are important. When very clayey 

it will crack through the effect of 

the oarbonìsìng heat and false air 

will enter. When sandy, the wall 

will oollapoe easily and retain too 

much heat to permit fast oooling. 

Life span: a ainiansi of 1200 m3 

of charooal. 

The kiln platform» must be laid out 

to permit the handling of the char- 

ooal directly into trucks, after 

curing. The truoks should arrive at 

a lower level. (See figure 5) 

Life span* A nxninum of 350« of 

charooal. 

The kilns must be built as oloee as 

possible to the wood supply. 

Maximum distance from the wood supply 

five 

Lebourt Two 

kilns 

for battery of 

A few hundred meter». 

Labour! Two men for eaoh battery of 

14 kilns. 

The charooal burner« must have de- 

veloped considerable skill in order 

to observe oorrectly and regulate 

the 18 air inlet porthole». Training 

of labor is r 

Kaay operation. Only one air inlet 

port bole. Bo .special training 

required. 
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(•ii) The oonrtruction of beehive bride tei In« 

One •even-kiln battery require» e place with the following dimensions: 

Length .... 70 a. 

Width .... 23 a. 

This area is necessary for the eeven kilna, the storing and oaring of 

oharooal during two day», aooeaa road« for the ti-uoks bringing the 

wood, etorage epaoe for a certain aaount of wood, aooeae roads for 

truoke for removing the oharooal and a truck turn around area. 

To prepare the ground for the furnaces and the oharooal loading 

platform soae earth moving work by caterpillar tractors will always 

be required. The terrain must be slightly sloped to allow the 

drainage of rain water. Frequently 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 eeven kilns and the 

necessary area will be a multiple of the surfaoe given for one battery. 

The lay-out of a great number of batteries has the advantage of good 

centralisation of the operations and good supervision. The result is 

a good oharooal 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 harmful 

to health but is irritating to the eyes and lungs. Charcoal manu- 

facturing oentrea should therefore be at least two ka* distanoe 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 oentre« are eight metras apart. The oentre 

of each kiln is marked with a two metre long pipe driven vertically into 

the ground. The inside ciroumference of the kiln is traced at a five a 

diameter, the out aide ciroumference at a 5*40 a diameter. 
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The two, one m wide,  door« are marked, as well as the foundation» 

for the door pillar«.    The «ix chimneys are marked« the kiln foundation« 

are marked and the excavation of the looting trench is made.    The kiln 

foundation« must extend four course« of brioks below the «urfaoe of the 

ground and on« course of briok« over the ground.    All oours«» must be laid 

carefully and level. 

A 2.5O m wooden pole will be fixed horisontally on the oentral 

pipe to «erve «s a guide for the building of the wall«.    When laying 

the wall«, leave the opening« for the doom but build the pillar« for 

them.   The mortar i« made of   10 part« of clay and on« part of charcoal 

fin««, whioh have be« proviouely «i«v«d.   When laying the firet oour»« 

of bricks, leave the neeomsary openings for the air port«,    three between 

eaoh pair of chimneys, a total of 18, symmetrically distributed. 

Sises of air port« are:    Width:    0.10 m, Height: 0.08 m.    The chimney« 

are raised simultaneously with the wall.   The inside measures of the 

flues- are:   0.12 m x 0.10 ».    When building the kiln wall, care must 

be taken that the différant courses of bricks be level.    Use the wooden 

guide.   After five ooursos of brioks, leave two ensrgenoy opening« vertioally 

above the two air inl«t port« looated next to the stacks.    After the 

second layer of five oourmos, l«av« one oentral emergency opening.   After 

the next five layers, leave two emergency openings located vertioally above 

the first ones.   The emergency openings are 0.07 • x 0.0? «u   To each 

pair of stacks correspond fiv» emergency ports.   When the wall has reached 

1.60 a height, put on top of the door pillar» the steel angle lintels 

and continue to build the surrounding wall.    In this way the two door 

openings, 1.00 m wide and 1.60 a high, will be ready,    àftmr loading 

the kiln with firewood and closing the doors with brioks the burner 

will leave in eaoh door - wall, one air inlet porthole at the height of 

the others. 

The total height will be   1.80 a and the last oour«« of bricks 

be well levoled.    On top of it is laid, on. side, and with a minimum of 

mortar, one more oourse of brioks.   Outside this course, and against 

it, are laid the four s«#asnts of steel ban«, loosely soltad together. 
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Adjust by cutting, the first course of the done bricks to the 

top cours« of wall bricks which has been laid OD edge. Renove the 

osntral pip« and put in its plaos a picket or short stake is driven 

into the ground and flush with th« last brick cours« of th« foun- 

dation. To this picket will be attached the besa conpass of guide 

length about 3.10 m for the building of the done. This is built 

with a thickness of half a brick and a minima of mortar is used. 

The strength of the done ceiling is obtained through the pressure 

of the bricks one against the other. 

At the fifth course of bricks, leave 10 —sigsuoy openings 0.07 • x 

0.07 a, at th« tenth oouree, loare another 10 openings, at the fifteenth 

leave six openings. At the top of the dos», leave the ignition opening, 

which is triangle-shaped and has 0.10 • x 0.10 • x 0,10 n. After the 

done is terminated, tighten the steel band. Plaster the walls with 

a fine clay mortar and brush the done with a clay slurry to close all 

the cracks and openings. 

ignition 

st»al- 

levai 

*s?TôunïatIo*rrT*^ 
(5oour.ee) ^ pieket 

AVVk 

Figure 7. Section through been! ve kiln 



L 

- 101  - 1 
(vili)   Ta« construction of •lop« typ» kiln - four m dismeter 

Clean a circular surfaoa viz «atar diaaatar at tha kiln place.    Haz«: 

a eirola of four a diameter and ezoavate tha kiln body with 1.40 a height, 
the floor being well leveled.    Nark the door, width 0.60 m and the 
three ataoke at 120° angle between the«. 

ficcavate into tha bank tha openings for the door, 0.60 m wide, 
and the three ataoka with a section of 0.35 s z 0*35 • «ad a height of 

1.40 a.   Rais« the chimney« to 1.50 a height with bri oka laid on edge. 

Sri«« a picket in the oenter of the floor ground and attach to 

it the besa ooapass for building the arched doas. The guide length 

will have the exact inside height of the doaa, which ia 2.45 a. 

If the bank or hill-height is insufficient,  it will be neoessary 

to ooaplete the wall height with a brick wall of half briok thickness. 

The mortar used is the saae as for the doaa.   The opening over the 

doer receives a briok arch.    Make around tha domábase the neoessary 
sloped incision for the doaerest. 

Tht doae is built in half briok thickness, with little aortar, 
aade of 10   parts of clayish soil sod em part of sieved oüarooal fines. 

In the tenth oourse of briok« leave four aaertsney holes, 0.07 • z 0.07 »i 

symmetrically plaoed.   After 10   sere ooursea lastre four otter holes 0.08 i 

z 0.06 a.   At the top of the doae, leave the ignition opening, 0.10 a z 
0.10 a. 

Tha aroh over the door opening is built in brides laid on their 

sides sad bonded to the doms briok structure.   Toward the kiln door 

an opening is aads into the bank ia order to facilitate the K-irlUng 
of the firewood.   After the kiln has been loaded with wood and tha 

door has been closed, leave at its base level the porthole for the air 

inlet,   feosvat« around the kiln the aeoeasary water drainage trench««. 
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(ix)   Maintenance of the kiln 

Hasp periodically fro« the outside the excess of clay which has bees 

formed toy the successive brushes of clay slurry.    This improves oooling 
of the charcoal. 

Avoid shocks against the kiln walls, which oould damage its structure. 

Por Ínstanos:    Shocks by trucks, oarts, loge.   The door pillars should be 

protected by two corner poles.    Put in place and rsa tight bricks which 
have frl.len out of the walls or have become loose. 

n 

The outlet and emergency portholes oust be closed with wedge shaped 

bricks and without sortir. Brush clay slurry on the outside.   The stack 

flues sust be carefully cleaned with a long,  flexible wooden rod. 

The chimneys must terminate above the dos* steel bend, to reduce 

oorrosion by the fuaes.  (After « fe* years the band will always bsooaa 

corroded).    Tighten regularly the dos» steel band and change any corroded 
parts. 

The kiln floor should always be kept level, when necessary, put in seas 
wet clayiah soil and stata?. If the soil of the kiln plat for« cracks, it sort 

be closed to avoid damage to the kiln foundations, for instance through water 

infiltration,    Keep the water drainage trenches always unobstructed. 

Keep straying sniaals out of charcoal manufacturing center by fencing 
it with barbed wire or other material. 

(«")   Charooal Prometía« T* Intermediate Stores» 

Preeh charooal absorbs oxygen.    Tl is chemical réaction is accompanied 

by a rise in temperature which can cause spontaneous ignition.    Pre* 

charooal must therefore be "cur«d" in the op«n air for two days before it 
is transported to intermediate storage houses. 

Charooal is also very porous and therefore hygroscopic and will rapidly 
absorb large amounts of moisture from the air and water from rainfall, (up 

to 50 % of its dry weight).   After the curing period it must, therefore, be 

protected during humid and rainy periods while awaiting transportation. 
This is simply dons by covering the coalheaps with plastic or oanvas sheete, 

galvanised sheet or available roofing material. 

70 % of the charooal produced in Minas Gérais is transported directly 
by trucks from the coal manufacturing centras to the iron and steel plants 

and mo does net require intermediate storage. The truck loads of osai 

protected daring the transport with tarpami ins, firmly attached to the 
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Intermediate storing la necessary when larga amounts of oharooal 

•oat await transportation baoaos« of aporadio, aooidantal or regolar 

aoaroity of traaaportation means, truoka, railway or, poor road oonditiona 

in r—ota araaa.    Intermediate storing of oharooal ia a regular praotioa 

at railway atations.    11M following requirements ahould ba observed whan 

laying out an intamodiât« storag« station: 

It must ba sufficiently larga to aooapt tht quantity of oharooal 

to b« atorad nadar abnormal oonditiona a.g. during a prolongad rainly 

season, or a period of aoaroity of railway transportation,    ft« storage 

house ahould be divided into sections, of approximately 2,000 a   each, 

separated by walla.    It •oat be covered and must have sufficient 

facilities for easy and fast handling of the oharooal at its arrival and 

departure*   unloading into the storing houae oan be done through wooden 

or «stallie chutes and loading of the railway oars through annually operated 

wooden or »stallie cloning trapa.   Belt conveyors nay eleo be used but 

aeohaniaatiOB should be minimised beoause it is expensive.   Ine height of 

the heaped ooai ahould be less than aix n to avoid spontaneous ignition. 

Incoming ooal ahould be dropped as little as possible (two s maximum) to 

redaos formation of finse.   Ine ooal should ba unloaded onto a naturally 

formed slope of oharooal and handling should be reduced to a 

each movmmaut produoea sons fines. 

Truoka should not be allowei inside the storinghoume baewase of 

fire hasarda from internal oombuetion engines sad man ring by trunk 

drivera«   Ttoloadlng should, therefore, be done outside.   The building 

be well ventilated and open on all aidaa to give rapid and easy access 

from all sides in oase of fire.   It should bava no intermediate columns 

across the roof span. 

The building columna may be of bri ok, oomerete or steel bat the roof 

girders must be in steel;   the roof should preferably be galvanised sheet 

bat asbestos may ba used.   The floor may be brick, stana, oomerete   or 

even recused earth«   Hater pipea with hose eonaeetioas should be available 

at different points bat in oasa of fire the best method of Baring the 

oharooal ia to push the unburst ooal oat of the building with tranters 
equipped with ehovel blades. 

L 
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(h)Transport of Oharooal to Iron and Steal Plants 

(i) Transportation by trucks 

As mentioned be for«, approximately 70JÈ of all oharooal produced in 

the State of Minas Oerais is transported by tmok. This is a flexible 

and fast mans of transportation, but expansiv«. Ine ooal oan be aovad 

frasi the kilns to the iron and steal plants immediately after curings 

Also little oharooal finas are produced as the number of handling are few. 

Host of the amali pig ire« producing plants have no railway oonneotion and 

•oat rely solely on tmok trasportati on. Trades are able to reach isolated 

kilna, looated olos« to poor roads. The aost popular truck has the 

following characteristics: Brasil manufactured, Mercedes Bans, Typ« IX 1113 

Diesel angine powered, HP 145 two axles for normal road driving and a third 

one for fast and safe highway driving to comply with State regulations of 

axle loading. 

Carrying oapacity 48 a3. Cost (1977) USI 18,000. Some transport 

us« 60 • trailers but these are not able to operate on poor 

roads and bave a tendency to tilt ovar. 

Transportation distane«« vary from a few kms to 1,000 cms to some 

iron and st««l plants in the States of Rio de Janeiro and Sao Paulo. In 

Minas Garais, the aaximua distano« is 700 ka. 

Many truokars pr«f«r to oarry the oharooal in burlap bags (about 25 kg/ 

bag or 11 baga/ar of oharooal). This praotioa allows general purpose 

trucks to be us«d which, on the return journey, oan oarry other merchandise. 

Bagged oharooal is bulkier than loose oharooal which "sets" during transport 

with a volume loss of 2 - 5 %. 

Tracks loaded with burlap baga also have a greater tendency to tilt 

than whan loaded with lump oharooal. The unloading of the burlap baga 

•mat be dens manually whioh is a dieadvantage. 

Trucks oarrying lump or loos« oharooal must have th«ir aide height 

increased to about four a total with cratetype aide sheeting to give a 

»ble volume oorreeponding to the trunk oapaoity. 

1 
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(ii)Transport by rail 

All medium and large iron and steel plant« have rail connections 

and use rail transport to the maximum because it is much cheaper. 

Coapaniee like Belgo-Mineira and Aoeeita transport about dO^ of 

their oharooal by rail.    Belgo Mineira also uses a cable oar «ratea. 

Mo«t railway oar« have a oapacity of 54 a .    A few are 80 • 

and reoently «orne 100 a   care have been ordered.  They cost about US$ 30,000 

each. 

There are «till «one older oar« in use of 20 to 30 m3 capacity?    these 

have flat bottoms and wide discharging doors bv'. oust be unloaded nanually. 

However, they may also be used for other merchandise a« return freight. 

The newer and larger oars have 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 oar« are sometime« loaded at 

the railway station directly from trucks, but mostly from a reloading and 

storing place, through hand operated gates or by conveyors. 

Belgo Hineira ha« reoently started transporting oharooal by rail 

over distanees of 700 kas in big, plastio, bagshaped containers of 3 • 

volume.    The savings in transportation costs compared with truok transport 

are USt 3/t. 

The plastic containers also protect the oharooal against moisture. 

The plastic oontainer« are loaded by a mobile orane.    The experiment    may 

be extended tw fill the oontainer« at the oharooal kilns and so avoid 

handling lump oharooal between the kilns and the railway stations.   Rail 

freight for oharooal is calculated on the basis of 300 kg per m   of chareoal, 

All handling at the loading and unloading stations i« done by the iron and 

steel eompanies, which also supply all the neeessary equipment and earry 

all expenses.    The cars, however, belong to the faxilway Company whioh is 

Government owned. 

fiii) Aerial rope or oable-way 

Sinoe 1957 Belgo-Mineira use« an aerial oable way to move a certain 

proportion of the oharooal produoed in one of the principal oharooal manu- 

facturing oentres in the Rio Doee region whioh is east of their Monlevade 

iorn and steel plant.    The length of the oable way is 50 km«;    the oharooal 
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at 40 t/hr is oarried in steel boxes of 1.4 •   «illoh arc suspended fron 

the rope way ani nor« at 10 k»/hr.   another oable «ay transports all oharooal 

froa the work« oantral storage plao« to the blast  furnaoe bina - a distano« 

of 1.2 kas at 60 t/hr in boxes of 1.5 •   moving at 10   kas/hr. 

Cableway transport osa be eoonoaic and •ffioiont bat it mart be 

operated at near fall oepacity, as the investment is high and its 

operation must be oontinoons to be eoonoaioal. 

It is therefore necessary that the supply of oharooal at the loading 

station be oontinuou« and the delivered oharooal voiras* olose to the 

oapaoity of the oableway.   These conditions are aeldoa enooontered in 

oharooal senufacturing. 

(iv)   Male Packs 

Por short di stano«J, op to 20 ka, and for aaall quantities, transportation 

by nales or horses should not be discarded and has been used for «any 

years in the State of Ninas Oereis.   saoh arale oarries two baskets of 

60 kg eaoh.    Transportation speed is eix ka/hr.    Loading and unloading are 

•anual.   Hules are now only used for intermediate transport of the oharooal 

to the trunks, when   the kilns are looated in resurte plaoes of difficult 

aooess. 

(v)   Water 

Water transportation is not used in the State of Ninas Oerais.    The 

iron and steel plant at Manaus, Siderea»,  looated on the iaason river 

uses barges for all its iron ore and oharooal transportation, the results 

are not known.   The projected Paraguay steel works on the Paraguay river, 

olose to the ospitai of asunción intend to transport up to 60 5É of their 

oharooal by water. 

Water transport is very cheap and should be considered when oonditions 

are suitable. 
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SECTIOS 3 

0PEH1TI0Ï1L PRACTICE 07 CHIRCOAL BASED DDIKIXIIO 

1.    FDTOAWWTAL ASPECTS OP BLAST FORMAGE OPHATIOÏ H RELATIOI 

TO TBI USE 07 CHARCOAL. 

(a)    BaactlTity of oarbon la tha blast furaaot 

H» amy dafias M raaetirity of tin 

raaet «ita (X>2 fcraiBf 00 by tb* followiag 

faal it* aptitud« to 

oh—4 osi raaotioat 

C   +    CO, 2 CO 

Thi« reaction follow» -UM sfaatioa of 

Fifar» 8. 

is is 

S.fasoratioal squilibri«» of C, CO «ad CO.   sai Fa i 
aooordiajc to Boudouard . 
Equilibri«« of 7« with oak« and oaarooal si« also 

its 

L 

As tb* fifur* «how», ih« raaction is taaoratieally poaaibls at low 

but in that eaa« ta« kiaatios ar« low vai la practical 

operation tha inaction will oalj bagia at a oartala toBjioistuis, 

OB tba r«aetiYitjr of tta« foal.   For «aval blast faraao« estesa, tai« 

tcaparatur« it «ituatad bstwaaa 900 aad 1000°C; for oaarooal, towM 

750 and 850°C.   Tail aaaas that oaarooal is ausa aar« raaotii« thaa 

ooka. 

tas «rid« This is also aaown is fiffvro 9   «aien olaarly 

diffarano« in raaetiYity batwasa ooka aad at 800°C. 
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«et* 

Tig. 9 

•        1        I        1        4        I        I        7        • 

liaotiea ef reaetioa 
mnd 00. at 800 C for 

Par elaalieitj oaly 1k» reaetioae of oaraoa with 00- aro 

Xa reality tao UMt fnm «M also ooataiaa I^froa ta« vaiatilo 

•attor« naatalaeiì in ta« okaroeal aad kamiditr of ta« alaat, «aio» ratet« 
vita oaraoa ia a alailar «ay M 00,. 

-*   »   •   Ig C   •   IjO     

reactivity of a gi«aa toe of aeree*   tip iati «y ta ita eaecific 

to ta« reoaolay gaaaa, tkat ia, ita aaeoeltr.   AM 

of ita ai«k eereeitj kee a kicker reactivity taaa 
araetioal alaat oeeratiea tao raactioa C • 00.   f    • 200 

ia 
ia 
of 

Of 00, 

( 

15 - 20* of tao total aeowified 
•7 Aia revereiel« raactioa. 

àroaga ta« direct uiaaoaoUua of 

) ia freat of la« 

i«, 

(a)   loaactioa of iraa cedieo 

of 

ia 

» te ta« »i«* remativi*/ of eaaroeel ta« «aowr aaa attelé 
alaat faraao« »teak aove a leap eia tan of oadj 750 - »50°C 

«itk 900 - 10O0°C far oaka alaat 

for a oartaia "iatonaiiato" 

07 XBZB ia a 

M ef ti 

liae ia tale 1 

alaat faiaauo at 
to 

Pleat. 
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Fig. 10 lin« in eaarooal 
(DQID). 

00 

Blast 

i tant ta« indirect redaction of ta« Iron 

«   ooears and it oan 
It is in tai« «oí 

oxide« by ta« 
at aaenmwd that, da« to ta« exoalleat oaarooal reactivity, tJw dogro« 

of indirect redaction and ta« redaction speed in tai« aoa« it higa 

when mill ni nith ta« loas reactive ook«.   Boo to tais favourable 

ehareeteristie of ta« oaareoal ta« nsossssry preparation SOM in ta« 

mffor «art of ta« staok osa o« samller and therefor« ta« total height 

of ta« staok oaa so lower then ia    ook« blast forno«.   However, it is 

lapo saisi« to establish "a priori" ta« infloeno« of ta« lower teaperatere 

ia ta« above •astioaed iateraediate staok SOB« on ta« overall fool rat« 

tososasi of another iaportaat inflmeaciaf factor union is tat dooroaes of 

too reaction kiaotios of ta« redaction prooess at lower teaperatares ia 

njarrnnsl blast famaoos.   Seas blast farsee« «sports and operators have 

ta« opinion tant ta« as« of oaareoal say bt especially favourable with a 

highly redaooable borden.   A very good barden preparation works in tao 

asse direction.    (Botes    la tao propani text tao blast furnace 

of "indirect- aad "direct" redaction is ased.   Tais ae»t aot be 

Witt the aoaamolstare ased ia "Direct Beauetioa Proeeaaee"). 

(e)    Iaflmeno« of tao »piatii« smttar 
., as eaaafactared by ta* earreat Brasil iaa praetioe 

2& by weight of volatil« natter, aainly hydrogen and 
It is a generally aeeaood opinion tant 

a oertain part ia tao oh—i osi pressas of reducing tao iron 

is tao 

L 



- 113 - 

L 

Bownr it is difficult to judge quantitatively the influenoe of 

thset gases on the redaction prooora sinos the gasas volatil ìM at 
different temperatures, the CO at a lower, the &¿ at a Bleuer, but bota 
under 900°C. 

Charcoal blast furnace |u containa 4 to €$ E^ against 1,5 to 3< 

in ooka blaet furnace gas.   A simple calculation K¡\1 prove that a 

large amount of the B^ contained in the volatila matter haa been 

oonsumed in the process of iron ore redaction.   The high content of 

hydrogen in the volatile natter alto haa an influenoe on tLe dynamics 

of the gaseous flow inside the blast furnaoa.   This gas being very light, 

it rapidly rieea and penetrates into the stook and, consequently, 

aeoelsrates the redaction of the iron ore oxidea. 

In conclusion, it can be waid that the volatile «attera in the 

oharooal will to a certain decree improve the carbon balance of the 

oharooal blast furnace. 

(d>   Kinetics of gaseous flow in the blast fornace: 

In practical operation a vary important factor for the blast furnaoa 

productivity is the quantity of gas which esn pass throne* the fumaos 
without disturbing the desoent of the stook.   normally, this gas quantity 

is proportionate to the blast (or wind) volane.   The volane of wind which 

can be blown into a given blast fumee  la ruled by the permeability in 

the etack whioh denands on the sisa of the burden particles, their shape, 
and their distribution in the furnace.   The permeability of the burden 

has therefore a direct influenoe on the furnaoa productivity. 

Charcoal has a low bulk density and it thus occupies about three 

quarters of the total furnace volume.    The average particle is also small, 

a minimum of six mm is soaatimms usad, so that the small oharooal particles 
tend to be lifted whan the blast pressure is high and to accumulata at 

the upper part of the blast fumaoe, forming a large impervious mass whioh 

interrupts the smooth descending movement of the stock. 

Close siting of the burden with the lowest possible average diameter 

of the particles and separate charging of the différant oharooal and ore 

sisas is therefore vary important in eharooal blast furnace operation 

to ensure a regular and sufficient voidage for the passage of the gas 

flow.   This ramal fes in better gas solid oontaet thereby increasing the 

kinetioe of the :.-eduction réaction. 
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ligk avistar« ooatomta of «he 
te» liiìiTìTT for the »ton «Merited tremai« 

it —Éklwrtj «xp«! l«d from tke ekarooal ay tke effeet 

of «te high tapmtn, ta« okarooel partiel«« explode iato «mil 

pi«OM which ar« oarried te ta« a«o—dit e»ae« to tat «last 
top oemsiag irregular diotrlsatloa of «at games «ad earapt 

of tke «took,   leaoe, t'a« aeooosity to «a« okaroaal wit* • low 
amistare oonteat, preferably Imam taaa 10Í.   Tai« is, kawevmr, «ftam 

diffioult  tO kOhi«*«. 

(•) 

In tk« Ion«- part of tk« faneee, ¿«at over tao tajarme, tk« parky 

aase of «lag «ad iron aay «• iammeed to ftuiisll smootkly tkromgk tk« 

okaroaal or ook« layar toommee of tk« oomatmiomrromt «ff«et of «a» 

«eosadlag fa«M.   lkis kappsa• «km ai** praametiom rat«« aad oanaaaaaatlj 
high blMt nl«M ara «aad.   Ckarooal slut fermée«« operate, for tkt 

same iroa ooateat is tk« earmem, at amok levar specific «laff •clame« 

taaa oak« Uui faraaea« «ad «aeróforo prmmeat l«a« tsad «any te tais 

«ramal« taaa ook» blest fanaaaa.   Slag velame for okaroaal blast 
it    100-200 kg/k   pi« irea; «lag «olma« for ooko alaat 
it    900 kf/t     pi« iroa.   9M reaaom for tai« i« that, «kam 

smeltieg «1th oak« «oa« of tk« «mlpkar it ooataia« eoabiae« «itk irò* te 

fern iroa aalpkid« wkiok amat a« g amolad la tka kaartk ay raametiem ia tk« 

of • highly beai© «lag.   Cok« «afa kaa «a aeid ooapoaitiea aad 
oorr«etioB of tk« ratio of beale oxleee, lim« aad e«ga«s1s 

to acid ozidM, silioa aad «lamia», require« tka addito« of a greet 

amaatity of basic flaxes. 

Tkas   «M hasieity of ooke blast faraaoe alag aaat b« 

88j- 1.05 t. 1.25 

Oa tke other head ekarooal i« praetioally fr«« froa «mlpkar aad 

okaroeal «ah i« of basic ooapoaitiea aad tk« qaaatity ie l«ae «urn half 

«eat ef ook«.   So tk« aooossary additioa of flax«« i« tkarafor« 

aad tht «lag volas» oeaaeqawtly aleo loamr. 

katio   CaO   in okareoal blast farai«« «lagt   0.70 - 0.9. 
ÎÏ52 
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(t)    tt- of snida» travel thxoeeh the hint fnmnoe« 

»or the »MI blast fimoi veins», tlM eoks blast furnaee will 

have a leaf«' travel tin» than ih* oharooal fumo«, dee to the higher 

talk density of ooke, waieh is doable that of oharooal. 

Barden travel tijM in ooke blast furnaces:    6-8 hoars depending OB 
intensity of operation. 

Burden trawl tis» in oharooal blast fornace«:  ...4-6 hoars, dspsndinff on 
intensity of operation. 

Itae to the short tarden travel tin« in oharooal blast fomaoes, they 

are very sensitive to tarden changes, «ven snail ones, principally when 

they are operated at a high rate of production,   any neoessary ohanfe in 
tarden snst therefor« b« carefully considered. 

Seas blast furnace experts have the opinion that the longer tiae 

of tardea travel in the coke blast fumaos and the higher temperature 

in the stack favour the degree of indirect reduotion of the iron oxide 

in this none, and that for this reason, for a given blast 'fumaos and 

the sane opsrating conditions, the ooke rate per ton of pig iron snst 

be lower than when operating with oharooal. Bo eoaparative figures 

between the two fuel rates for the see« fomaos are available in Brasil. 

(ff)   Liquid iron tosporatarot 

Charooal blast furnace operate at lower hot neta! t—poiaturos than 
coke furnaces. 

Average ooke hot setal tenpeiature 1400 to 1450°C. 

Average oharooal hot notai teopsratm« 1270 to 1350°C. 

Charooel blown hot notai for stoelnsking therefore has lower Si - 0.3 to 
0.4* . than coke blown hot notai - 0.6 to 0.7*.    The reduction of Si 

is a highly heat absorbing reaction. 

(•)     Cowarison between fuel rate« of ooke and oharooal nor ton of 
Pig iront 

Per sinilar conditions of bordón and opération, blast teoperature«, 

injections of liquid or  gaseóos fools, peroentage of sinter is the tardea 

and for the sas» grade of pi« iron, the charooal and ooke ratios par ton 
of pig iron are sinilar. 
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Datar slattar ooaditioae there are still aaay factor* te oon- 

eider, sesta of which favoar ta« eoaditioas of oharooal and ottaar tassa 
of ooke. 

The principi* factor* ara: 

(i)  Iba calorific «ala* par kg of average dry Blast furaaot ooka aa4 

oaarooal ara very siailar. 

(ii) Coke b%s a higher fixai carbon contant than charooal. 

(ili) The reactivity of oaarooal ia higher taa» that of ooka whioh fsvoara 

the indirect radaetioB of the iron or* at lower teaperatarea. 

(iv) The high volatil* content of oharooal aade ia Brasilias praetio* 

probably ooBtribrv*e to the indirect reduction prooass of the iron oxides 

ia the lower part of the staok. 

(T)  The averag* avistare ooatont of oharooal ia higher than that of 

ooka. Moistar* eliataatioa ia a host absorbing reaction, 

(ri) The higher teaparetare of the ooke blast furane* staok nay favour 

the kinetios of the indirect redaction whioh oonswes less heat than 

the direct redaotioa. 

(•li) The slag voluae of ooke fired blast furnace* is higher than that 

of oharooal fired blast faraaoes ia order to elialaate the ooke emlphar 

aad to biad the acid ooke aahee. Higher slag volas» require* higher 

fuel ratea. 

(•ili)Caarooal blown hot awtal has a lower teaperatar« aad lower Si 

ooateat than siailar grade ooke blown hot aetal aad therefore ooasnauee lei 

heat than ooke blown ii 

notwithstanding the samll oaaaeity of oharooal blast 

it is interesting to aste that the theraal balano* of the two princi- 

pal integrated oharooal based iron aad steel plants ia Ninas Oerais 

shew the Tory proaisiag flgares of 4*6 and 4-9 G.oal/t of erade steel 

respectively. This excellent rasait äquale, or evua sarpaaa**, the 

ling figarea ef large laropaaa aad Brasilias ooke based iroa 

•teal 
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2.    MRaLLDKICAL AflPBOfs OP CHAMQAL BLàST PDBftGI OrBtffXDff 

Cok« and chax'joal blast furnaces have the MO« function which 

consisti in: 

(i) Removing th« oxygen combinad to tha iron of the iron ora by a 

aarias of chemical raactions between tha iron oxidas and tha 

reducing gasas produced by the combustion of the furnace fual. 

(ii) Malting the materiale resulting from the chemical raactions. 

nia matai must be separated from the non-metallic ingradients 

contained in tha iron ore,  in the coal ash and in tha fluxes, 

under the formation of a layar of molten slag.    So,  in a general nay, 

the charcoal blast furnace operates by the same principle as the coke 

blast fumaos. 

The unique difference consists in the different chemical and 

physical qualities of the two fuels.    This difference dictate« 

the charcoal blast furnace design and its operation. 

Tabla   XTOI   Composition of 
charooal 

Fixed carbon 85-88 % 
Volatile matter 1-3 % 
Ash 8-10 % 

(acid) 
Sulphur       0.7-1.2 < 
Phosphor (as PgOc) 0.01-0.03 % 

Moisture  2-4 % 
Calorific value on a dry basis  6,500-7,200 

in Kcal/kg 
Ignition température  600-700 C 

Bulk density - kg/«5 (dry) 400-500 

Sisa ran*» osi 50-80 

25 J 
3-4* 
(Basic) 

fZSM«2 

Crushing strength   kg/om2 100-150 
( 

0.06 i 

10 % 
6,800-7,200 

240-250°C 

230-260 

10-50 
(average 35) 

30-40 
radially) 

Friability or sise degradation - No exact comparison is possible due to diff 
enoee in testing methods.    Coke is several 
t issai sera resistant to sise degradation than 
charooal. 

Porosity 48-54 % 70-75 % 
Composition of ash psm 
QÔETT 

SiO, 

T5=V 
CaO 

TTC 
"to 

TT 
Fa20 

30-35 ttTItt o.s-o.bb.6 0.4 I 7C 
fîïnrl T11V2512^^16-713-5 

0.6-1.5 
2-4 0.05-0.06 i-i  M"h-Ki 

Composition of Charooal Volatile Matter 

002 - 9 *, 00 - 20 %,  H2 - 64 %  CnBB - 7 % 

L 
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(a) Iron Or- 

(i) *JP— of Or— 

Pr—ently sort of the Brasilien oharooal blast furnaoaa ua« 

ooapaet henetit« higfc grade iron or— of the "Quadrilatero 

Parrf.farro" district la Nlnaa Ceraie. 

Composition:     Pa 63 - 69 % 

Si02  0.5 - 2 % 

A1203 0.7 - 2 * 

P . . . . normally laaa than 0.1 % 

Consumption of iron ora par t of pig iron:  I5OO - I6OO kg. 

blast furnace planta, usually th« smaller on—, ua« 

otbar Tari «ti— of haamtit« oallad "itabirit—", principally: 

"Chapinha", waioh aaaaa "littl« plata" beoanae of ita ragular 

flat ahapad appaarano« of 6 am to 18 ma thiokn—a.  Thia iron or« 

baa a lamellar at ruotar«, an Pa-oontant of 62 - 65 %,  ia low in 

P and SÍ0-. Du« to ita good poroaity and laaallar atruotura, ita 

ragular and low thioknaaa, th« "Chapinha" ora renr—eata an exo«l- 

1—t bordan, raquiring only aoraaning. It   «ry auitad te anali blaat 

furano—. Hiernoel apaoifio rat— ara 1 > . 

Another variety ia th« "Canga" whioh ia a hydratad heaatit« or«, 

found near the eurfaoe of th« or« bodi—. Ita Pa-oontant ia 55 - 60 £, 

the P ia high, O.15 - 0.30 £, th« alumina 4 to 6 %.    Thia type of ore 

ia, like the preceding, eaaily reduced in the blaat furaaoe. However, 

due to ita high Poontent, the "Canga" or« ia uaed in th« burden in a 

restricted amount, uaually 30 ** max. On« aerioua diaadvantag« of 

these parous iron or— ia that, during th« rainy aeason, they abaorb 

up to 15 % moiature, pausing difficulties in th« blaat fumao« operation. 

Compact heaatite iron orea abaorb only a sax. of 2 % mo i «ture. 

Nowadays they ar« uaed for economic reaaona, by planta which own 

min— of one or the other ore typ— in their vicinity. Mining of th—a 

or— ia very einple and aaay and do— net require any drilling and 

explosives. 
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Today, with the great oar« gì van to the preparation of the blast 

furnaoe burden, the more oonpaot and leas porous iron ores of the 

pure hematite types are currently us*.- in most Ninas Oerais and 

Brazilian charcoal blast furnaces. They require less charcoal and 

give higher blast furnaoe outputs than the two above mentioned 

qualities of iron ores. 

(ii)  Ore sises 

A rule of thumb is that larger sisas of ore are more difficult 

to smelt than smaller ones. Purnaoe efficiency therefore dictates an 

upper limit te aise. There is a general trend to use as much as 

possible the no-called "natural pellets", a sise between 6 mm and 

18 mm. The ióeal is to use 6 mm to 12 mm but this is difficult to 

obtain in large quantities because of the great losses of iron ore 

fines caused Yy the intensive crushing and screening operations. 

Typical sizes of iron ore in a blast furnaoe burden are: 

12 mm to 30 mm 50 % to 60 f of total burden, with trend 
to decrease 

6 mm to 18 mm 40 % to 50 % with tread to increase. 

Larger furnaces, 300 t/day upwards, have a tendency toward using 

100 % in sizes between 6 mm to 25 mm with a toleranoe of + 5 % 

> 25 sa and < 6 sa. The dif'erent sisas of ora ara aap.irately 

oharged in the booket. This method is oalled "layer charging". 

It is very important to screen out all the fines under 6 mm. It is 

best 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 gangue* 

In the rainy aaaaon, this dust and gangue is transformed in mud and 

the washing is still more important than when the ore ia dry. Exoellent 

blast furnaoe productivity results have bean obtained by all theae measurea. 
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(i**) Transportation of iron ores 

All the important iron and steel plants have their own mines 

situated at distances between 10 and 100 ka fron 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 oableway 

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 distance 

of 10 1cm. Host other plants use the State owned railway. 

The oharooal blast furnaoe plants situated in the StateB of 

Rio de Janeiro and Sao Paulo have to bring the iron ore at distances 

of a few hundred km from the State of Minas Oerais. 

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 transported by trucks. Cost of 

transportât ion: 

By truok for distance of 100 km USI 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 Prices 

In the Belo Horizonte area commercial prices of hematite iron ores 

in the above described sizes are at present (1977). 

Hot washed FOB Mine: USS 7/t 

Washed FOB Mine: US$ 8/t 

CIF at 100 km from mine, including transport by private truok - USI 13-14/t. 

CTF at 100 km from mine, including railway transport - US$ 8.5/t. 
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These prices are for washed and unwashed ores and can be lower 

on long term oontracts. 

(b)   Sinter 

Approximately 70 $ of the iron oree in Minas Gerais are mined 

in the form of fines and several of the more important iron and 

steel 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 oharooal blast furnaoe• 

are discontinuous pan type Creenawalt type units. The first one was 

started in 1945. Capacity of pans 300 - 500 t/day; productivity 

25 - 35 t/m2/24 hrs. A continuous grate sinter machine, Lurgi design, 

started operation in February 1978. 

Besides hematite iron ore fines, other ore types and iron bearing 

materials like rolling mill scale are successfully used as limited pro- 

portions of the sinter mix. 

Like iron ores, the different sises of sinter are separately charged 

into the blast furnaoe. 

Por example - coarse sinter 12 mm to 50 mm 

fine sinter  6 mm to 9 i"1 

The importance of sintering is based on the following reasons: 

(i) To make an economic use of the large available quantities of 

cheap hematite type iron ore fines sized 0.10 aa to six s». Many mines 

have dumped these fines during years. Large saounts are available. 

Commercial prioe FOB (mine) US$ 5/t. 

(ii) To use the charooal fines or breeze under six sa sise, whioh amount 

to 22 £ of the total charcoal production. 

(iii)To inorease the blast furnaoe productivity, 

(iv) To lower the charooal rate per *©n of pig iron. 
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(v)  To get a simpler, more regular and stable blast furaaee 

operation through the use of self-fluxing sinter which means 

that it oontains all the necessary additions to a self-fluxing 

burden like: limestone or lime, granulated blast furnaoe slag 

or sand, manganese ore. Presently lime is preferred to lime- 

stone because it increases the specific sinter production and 

produoes a sinter which is easily reduced in the blast furnaoe 

and gives a good permeability to the burden. 

The influenoe of sinter on iron output and charooal rate 

in a charooal furnaoe at Moni evade with 210 t/day nominal 

oapacity is shown in figures!1 and 12. 

L 

"\_ 

Î 

10 20  30  40  50 60  70 90  100 

% Sinter in burden 

figure 11. Influenoe of Sinter on blast furnaoe prodnetioa 

10  20 30  40  50  60 70  80  90 100 
% Sinter in burden 

Figure 12* Influenoe of Sinter on oharooal rate 
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However, when this comparison it mad« between a blast fumaos 

burden of "natural pellet»" and a burden with «inter, the figurée of 

production increase and charcoal economy are legs pronounoed. 

(c)   Limestone 

As charcoal is practically sulphur free, oharooal blast furnace« 

operate with an acid slag with a ratio ~- - 0.7 to 0, 9 
SiO, ' '7 

When the iron bearing burden is composed exclusively of hematite 

iron ore,  the limestone addition is 90 to  110 kg per t of pig iron. 

When using fluxed sinter with a basicity ratio of 0.9 to one the 

neoessary limestone addition decreases proportionately to the amount 
of sinter in the burden. 

Large deposits of exoellent limestone, minimum CaO oontent 54 £, 

exist at distances of one to 200 kas froa mort iron and steel planta. 

Limestone is usually   purchased from independent quarry owners 

and operators who do the crushing and screening.    A few  steel plants 

own quarries.    Usual sises:       10 to 40 sa. 

Limestone prices 

FOB,  quarry (1977) US$ 3/t. 

CIF Iron and steel plant,   including 200 km truck transport US$ 9/t. 

(d)    Silioa 

Due to the high purity of the iron ore« used in Brasil silioa 

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 silica refractory bricks can also be added. SiO„ oontent of sand 

and gravel should be 95 f minimum. 

Sizes:     10   to 30 sm. 

Silica is frequently enoountered 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. 

Prices:    FOB quarry or riven    US$   2/t.    (Practically no transportation 

OOBts). 

1 

I 
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(•)   Dolomite 

Dolomite, which is oalcius-sagnesium oerbonete, ia used alone or 

in ooabination with limestone by some blast fumaos, principally ths 

largar OIMS. SOM piatita usa dolomite lineatone baoaoa« they own quarriaa 

of this material in the vicinity of their planta,    The proportion of 

limestone and dolomite usad dependa on the othax oonrtituents of the 

alag.    Dolomite is used in order to make the ala« mora fluid.    I* la 

also used in the form of fines in the sinter mix. 

Prioes:    FOB quarry:    USS    6.50/t. 
CIP iron and steelworks including 200 Ion truok transport UBS 12/t. 

(f)Manganate Ore 
There exist several avail mines of iroa-am&fSJMse ores with 15-20 % Pa and 

30-35 1» Mn in the centre of the so-oalled "iron square" of the Stata af 

Minas Garais, but no large ones.   The available quantities ara, for the 

moment, sufficient, but there is son« oonoern that in the long run the 

manganese ore will have to be transported at graavt distanoes fron other 

Statasi 

Whan using 100 £ iron ore as furnace bordan 20to 50 kg/t iron of 

Manganese ore ia added, sisad 12 to 60 mm, depending on the desired 

manganese oontant of the pig iron. 

Khan using self-fluxing sinter, the necessary asmssawjae oontant 

ia incorporated as fine ore into the sinter:   30 to 40 kg of ssrnfmasas 

ore per t of sinter. 

Prioes:    FOB Mine:    US* 23/t 
CZF blast fumaos plant 1 mol »ding rail tiausperl Hit 24.JO/t. 
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J. AD 

PLÜT8 

OP CsatUOAL AT US AD 

(a) ISSSEiiflU. 
•ben the oawreoal arrives at iba iron «ad steel plant it baa to b» 

oarefally reooivod and ub»ofcad at a spadai reoeption entra. 

24 

Oda oontrol il very isportant and the reception oestre ia 

i/áey. 

DM objecte of the osntrol arai - 
(i)   To oontrol and oheok ta« arrival froB •ari« 

(li) Te BIBBI i tha received awantitiee 

(ili) Te pay for «M received onBstitiee 
(IT) TO ssastlo inooadnf load» for oheaiael and phyaioel anelyei». 

(v) To obtain all possible lnforamtlon on oharooel otooka available 

for the blast 

Tao control at tba raoaptioa œstre Bast ba dona with 

by MB with a hi«* »••*• •* responsibility and honasty, otbarwlat tba 
say swffer baovy saterUl and financial loaaaa.   Tba risk of 

tad rapidity ia alwayepreeeut aad obarooal is tba Boat valaable 

aatorial of tba iron and ataal plasta. 

At reoeption, the necessary papara ara aalttad aad a oopy of than 

givae to tb» transporter for parpase of peysent.    Cbarooal qBantity it 
always expressed aad paid per rolan».   snllway oars and track» are aoasared, 

taMBf length, width aad principally beifkt, wbioh la tba only varying 
disensión,   levwrtheless, for tb» pmrpese of dowble obeokiaf, it is good 
praetioa to also waifh tb» obarooal aad aoales sbeald tborafora be available, 

wbioh prist tickets of every received trank aad railway oar.   waighiag 
oharoaal is also asefml for okaokla« its opacifie weight and so to oostrol 

its qaality a» 

L 

Tracks loaded with bass ar» aaloaded sassally isto a aeeanriag box 

or wmfOB of fixed rolwaa varying betweoB thraa and five a3.   Tb» box any be 

tilted osto a conveyor or directly iste a bis.   whan a aaaevriac wagon is 

«sed, it baa generally » aiaclo or doable eloped floor aad aide diaobarfXBff 

doors wbioh allow tba obarooal to be directly dísona rgoft orar, or isto, 

the store*» apmoe.   Coal arriving by aerial oabla-aay is obeoked, by 
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tas kelfkt of 

inetto MB. 

«BOB nil 

Mf alfa Of 

kefere tiltis« 

er fir». r lead isdleatlas * «re risk 
iats «ka 

A large 

•«Ml pleat. 
rtoiiH» plaoe is of 

is 

it ii looated freavaatly in 

aetkeds are relatively prialti*» sad dependant «a 

also diffioalties la 

ia aa iraa and 

of fiaod leeetieaf 

a via* 

ia lathes« 

»kiek is aanafaotarai ia large oaaatitioo ia a alafia lesali«? aa* 
ia «halo train er skip leads to tao 

steal plant. 

tke 
aso of a lacca storage ape DI or depot eoa saaetaallsllj 

ekjsattonakle *nriahlea akiok arias la 

fas atórate depot aaa tao followiaf feaetieaat 

(i)   fo osatralise all anlnadlnç eporatieaB 

(ii) fo preteet tao okarooal freo knaidity aad 

(iii) To provide taffer stoek so ttet tke »last 

ooatianoaaly ever a leaf period. 

reqairad ia directly related te tke daily Vlaat 

fcf   it «ill vary free tao «soke to two sontas aapply 
tke regalarity of akarssal aapply.   ttorago naps aity al« 

tke ekareeal ia aapplied free asterai er asa as li forests. 

Osasi ally tke oaaaelty anéele so 20J( of tke yearly eeaaaaptiea frea nativa 
feraat aad lOJt «Ban enpplied ky artifleial fornata« 

(lT)   fo aomtraliae tas offsets of irregalar ekareeal aapply, prioee aad 
^eBBMs^Bjaa^asjsjÉ*aMd*A naja       gà&aY       BB^B9*4 VâdP VMaaàlasBB^âVaksË   aBñsBiñBñsBBñ\1    eaB%4naaB Vaask   asansBasAMaa   aaaaal   g^^gu 

preleafod tkese diffiemltiee, tko freater aaat ko tao velane of tke eterase 

dopeait. At tao kefiaaüat •* » preleagad ralay eenaaa, fer iaateaee, tka ete- 

rlat depot aaeald ke eeapletely filled aad at tao ead «f it, aearly eapty. 
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(•)    To bland different qanlities of oharooal for 

with noistnra ooatonta of lOjt and 30J( to result la aa aoocptablo 

of 15%. 

(•i)  To check the rota of oonavaption of risaròaal 

(rii)   fe proteet it fro» firat and other hasarda 

Ino atoraga depot ahould bo aoao distance froa the troa aakiaf plant, 

oa ita periphery.    It should be arranged with plenty of apaoe aroaad it 

to oater for iatoaalTa traok aad railway traffic without disturbing 

plant oporationa. 

UM lay-out ia, la general, stallar to that of the later— diate 

storiag deposita prorioaaly deeeribed.   It ia, of oourse, amah larger, 

OD tao sise of the iron aad stool planta aad varios fron 

5,000 to 10,000 uJ for the anali pig iron blast farnaoe plants, to a 
.3 of 250,000 sJ for the Balgo KLaaira oharooal deposit at ita avalorad* 

plaat, «Blob allons storiag of two aontha oharooal oeasaantion by the blast 

Gnarooal ooaiag froa trnoka aad rail oars is discharged iato the 

storage depot by travelling belt conveyors or aamnlly fren wagoaa or 

with side disoharga.   «haa laup oharooal arrives by traok, it say be 
unloaded by a tilting darioe iato a bin aad than transported to the storage 

depot.    In« depot ia filled - starting froa one end aad oontinuinf 

wiM - at a steady paoe to redaos the falling height of ooal to a 
lesa fines. 

Storage height of the ooal aast not ezooed seven a to radaoe the risk 
of self ignition, anion iaoroasea with the height.   TMa risk ia highly 

increased when the oharooal contains a large sao sut of finas, nore than 

10%, whioa, whoa unloading, bava a tendency to segregate froa the larger 

sise oharooal aad to oonosatrata in one spot. Ia very large storiag 

places, as ia Belgo Uaeira, all the operations are aatonatio, as the 

qaaatitioa of oharooal to be handled are very large aad añoradle 

peaks aast be taken in consideration, when traoks, railway oars sad 

aerial transport aianltaneoaaly arriva at the storage depot. 

L 
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9M te epeoial looal ooadltleaa, tae 

te M laid a» vita a etarlag height oí.' U a, vadea 

the 

It 

fer 

M íMI 

en It «e 

(i)    »7 trapelila! Mavejrore rwadag la 
«alea la crabbed «y apeoiel device« 

fhia la a highly «naoalaed operatila, very effieieat, ava oemelaf a alga 

••n Bill of fimee aad ohoald only V» ooasiaervd fer very large iaotallatiaai 

It la aleo Tory espeaeive. 

(11)  By aeoaealeal tagtet ¿eadara oa «teile, «alea lead the 

late aaall oara or eate travaillai eeareyera. 

(Hi) Thioagh «aleatlat happen with eleedag trape, alagad ai 

la tala aaee tae atarlas plana fleer aaet «Itaer «e elevated er 1 

he «tared la large hiaa, ate«! er oeaerete. 

(IT)  1—11/, with facte. 

A diate—Ugi of highly aeaaaadaed atería« dapet 1« tae faaaatlea ef 

of oharaeal fiaea, «alea ava «aoaat te Mp% «ae te tao 

•aal 11 «g of tao eeal.   faall aad aadlva 

predai* lea of flaoa •e kapt te a 

»e lajemt of tao atorlaff dapet «ai ito 

tao aoed for fire ateioatloa «am fire 

(1)    tedtahla aad 

nad vehicle« la 

(Ü) 

fire. 

(Ill) Choioe of tao 

Lea la to 

for 

location ef tao oteriag 

elroalatlea frea all «Mai 

of fire. 

paoe to 

toalla« 

of all tao 

alo .   A 

eoli 
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(ir)    mm the storing plaee 1« leoatad in jiiilallj «f the blaat 

i, «bloh is freoweatly tao OHI far üM pig ire* »last», ite 

roof «art bo MU oloeed te prevent flying glowing «abara frei 
iato the storing depot. 

(T)      Snwdlrisiaa of tao otaria* depot, ia oamU    ia> IìOI  l_, by 

partiti« mil«, to rodano «ad liait tao leases ia oaao of fir«,   Imo 

s sheald aovo a velaae of act 

not BOTO then 5,OOCa3 far laro» OBI 

tao o«telaa. 

2,000BJ   far indinomi 

oamll depots 
mt allo« 

A food aooaoii io te aar« tat otarias floor elevated ia BBJOB a 

ao to eapty tao ooaaarteoat, ia oaoo of fire, throng* floor obstes 

«blah «¿load directly iato trnoka or bead paahed oarto driven «aaar 
floor. 

(ri)   Special oaro «art be takaa ia tao layoat of tat eloetrioal wiring 

whica aast be ooastr anted of apoeial aatorial.   lauMii poseíale, ta» 
«trias aheald BO laid oatelae tao bmldlag. 

(vii) SaffioioBt «mtor pipes for fir« extiagalahing 
that every P>rt of tao storage «spot eoa »o rainaBd.    B 

of «mtor paaps aa regaras oaaaoity «ad pnaaii ia lessatimi «ad all olootrie 

«atoro for panping oto. amowld have Uessl «otero for stsnibj ia oaao of 

electrical failaro - A «mtor reservoir of màoawat« height «ad «alano aast 
be iaelBted. 

Per a storage depot of 30,000 «3 a «mtor «elm» of 350 ml/kour io 

loiinaaoiMlod at a proooaro of aoven kg.   taoh 5,000 a3 imajiailBaul oaoald 

have two connections ef 1J0 aa diaaotor.   Boof aeaBtod aprinfclere are 

alao reooaaen&ed.   90 aprinklaro each  10  BB diaaotor for eaoh 5,000 a3 

it. 

AH dotali« oaoald bo fixed by aa export ia fire fightiag. 

(riii) IffioioBt snpervision and labor workiag ia aad areaad tao steriag 

TraiBiag agiaat fire hasarda aad ia fire prevention io eeeantial. 

At OBO plant it aaod to bo the praotioe to iatrodaao long ateel roda iato 

the heap« of aterod ©eel, at regalar intervals, aad, by feeling the t 

by head it «aa poaalble to Jadge «aether a fire haaard existed or not 

A fire starte frteaautly «ery deep inoide the ooal heap. 

(iz) ProhibitioB of aaokiBg ia and elooo to the storing depot. 

Prohibition of ecjaipnaat «mica say oeaao fire, o.g. welding 
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(x)     Ikiloadin« of all railway 

(zi)    Limiti»* to atoraga dap at to sathoriaad 

oataido ta« 

only. 

L 

(c)    

Charooal sost a« 

Taia ia »aat doss is a aaaarato 

atoriag placa and tao blast 

aafi it iato tao blast 

laaatai botwosn tao 

bias. 

(i)      Ta oliaiaato taa fiaaa sodar aight or   10 aat aaall blaat furaaoaa 

say aso tao aiao froa sight aa up, largar furnaoas frea 10    aa «p. (Seaatiaaa 

12 aa to 14 ss, Bapsatlsg aa ta* asiatara.) 

(ii)   To aaparato tao oaarooal ia tao or profsrably taro« aiaaa. 

Italiko aatallarfieal ook», «hiea aaa assataatiaUy aoifora aiao, 

aiao ia irragalar asá to gif tao àlaat faraaoo a good and 

r, it aast aa asparatad ia sevaral aiao fraetiass «sisa 

iato tao blast 

2&JBUS£ 

•40 as 

20 to 40 as 

8 or 10 to 20 ss 

• 30 as 

10 to 30 

in two aia« fraction«, tha 

ta« fisa OB» at ta« ratio 3 t 2 or 2 i 1. 

t Bsablo daolc 

on» is pradoainact 

tao aiaa aaparatioa ia 

givo feed rasait a t vat ara 

Biselo Boriosa aro aaod, th« ocraoning operations, tuo or thrao, 

oso aftar tao otaor. Siaclo aorsaaa aro aiapl« asd 

plasta i OBOI oaa tao oaarooal fiaaa rojoetod in tao first aeraoning 

tao ala«« botsoan aix ss and «ight sa, ahioa aro than ohargod 

sssarataly iato tao blaat fsraaoaa. saon oaarooal ia wot, sor« than 20* 

BSiBtsro, aeraaaiBf praaasta diffionltios baosaao of th« obstraotion of 

taa «ira aaah. A largar opaniac anat than bo aaod, o.g. 12 sa or 15 sa. 

or rootaagalar opaniaga. 
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(á) Storia* Charooal at tha Blaat Punitow 

Ih« diffarant «iaaa of charcoal ara aaparataly atorad la oonorat« 

or «taal bina with hincad, «anually or «otor-oparatad trapa, or vibratine 

faadaw for diaobarg«.    The charcoal atoring volua* raquirad at tha 

blaat furnaeaa dopano» of tha hourly charcoal oonauaption, tha distano« 

batwaan th« furnaoas and th« plant atorinf dapot, tha ragularity and 

dapandahility of transportâtion batwaan thaa« two pointa. 

»ti« la 

far lara» hlaat 

A «iniwn» of  aiffet honra hlaat 

aaaaetial.   fhraa day» rimia—ation ia a food 

faraaoa planta. 
Proa tha hiña, tha charcoal aay ba loadad <ato trarrli in« oamrayon 

or luto «anual ly or »otor-oparatad whaal oara which will carry th« coal 

to th« hlaat furnaot buokrt or akip.  It «ay alao ha diractly loadad fro« 

tha bina into tha blaat faraaoa buokrt which ara earriad to tha bina. 

Tha firat «athod ia prafarrad. 

A faw blaat fumaeaa ana travail ia* bait 

tap (Farro lraailairo) and lavra good raamlta. 

up to tha 
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4.    CaatOQaL ODáLinr 101 BUST FUHaS 

Oanraotoriatioa of oaarooal as oaargod iato Bla* Pam 
is Mina* (tenda - Bruii. 
Tablt XIX 

Gaoaioal «ad Phraloal 
ooaposition of oaarooal 
Dry bacia - by «oigfet Max.   Min. 

Yssxly 
Average 

Oharooal 
oonsidorod 
good to 
oxoallont 

OU-fcOB 

Telatilo arnttor 
io* 
m 

60* 

3* 

15* 

70* 

5* 
25* 

75-80* 

3-4* 

20-25* 

MUc Density - M received 
(kga/a3) 330 200 260 250-300 

1*1* Density - dry - 270 180 235 230 - 270 
*«H» Si«« (—) 60 10 35 20-50 

Fiaos Oontent - as reoeived 
(-6.35") 

22* 10* 15* 10*amx. 

Moiatw» CoBtsBt 
-•« reoeived- 293t 5* 10* 10*-ex. 

Friabilit*< 
ooaros   • 31.75 sa 20* 15*-ax. 

a. Sbatter tort   aedi«   - 31.75 aa 
te fino 4-   6.35 aa } 6* 4*-ax. 

b. Toablor tost   osaros   + 31.75 aa 
•sdiva   - 31.75 m 
to fiat 4-   6.35 m 

] 

}        i 
-          1 

lo average 
rsoxly fIf« 
wailable   1 

60*aax. 
ros   40* sax. 

  

Bis rangos and yearly averagea rof or to onarooal need by Bslgo Mineira. 

ftia ls a aixtaret   40* euoalyptue oharooal prodnood in ooapaay opozmtod 

kilns aad 60* heterogéneas natami wood oaarooal anirafaoturod by privately 

eporatod kilns.    »Oood to excellent" oaarooal rofors to that prodnood fron 
saoalyptes wood in ooapany kilns. 

L 
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Coaposition of Ash. Average for the Stat« of Mina« darai« is: 

3i02 . 15-251È;   c»0 - 25-35*; IHO - 6-7%; *12(>3 2-4* 
P«203 . 3-5%, Mn - 0.5* P (a. P203) - 1-3* 
•a20 - 1-2*| I20 - 10-15*   S -  O.O5 i - 0.06 * 

lb« high proportion« of alkali« ia typioal of oharooal aah. 

Composition of volatil* «attar. 

Measured in voluae at high temperature 

002 - 9*, CO - 20*» H2 - 64.0* CnHB - 7* 

Hi« high proportion« of hydrogen and CO ar« typioal. 

To aoeount for the «id« rang« of oharooal qualities supplied to th« 

«t««l plant« it «nurt be r«a««iber«d that most of th« oharooal prodoo«d in 

Brasil i« manufactured by small,   ind«p«ndant produo«r«.   Their production 

is T«ry primitive using h«t«rog«nou« wood« in remote place« where super- 
vision is practioally iapo««ible* 

On the other hand oharooal produoad fron «uoalyptu« wood in ooapany 

operated kilns has a unifora and good composition with good ohssdoal and 

physioal proportions. 

This type of oharooal is being manufactured in «ver increasing proportion. 

To oontrol the quality of oharooal reoeived fron supplier« samples 

are taken fron every truck and rail oar.   This i« called "testing at 

raoeption" or testing the ooal as reoeived. 

To oontrol blast furnaoe operation and pig iron quality test« are nade 

on «aaple« taken fron the oharooal charged into the furnaoe. 

The following tests are sad« daily for the reoeived ooal and separately 

on each sise fraction, coarse aediua and fine charged to the blast furnaoe. 

( i ) moisture oontent 

(ii)   bulk density 

(iii)   average sise of «aaple and fin«« oontent - 6*35 •*• 

Manual sieving   i« don« on square nesh    sieves of 101.6 sat, 76.2 ma, 

50.8 ss, 31.75 •*, 25.40 sa, 15.87 an, 12.70 s», 9*52 an and 6.35 •> 



- 134 - 

After sieving the average sise is oaloulated. 

For example:   Pop testing ooarse oharooal - normally + 31.75 BB 

Table   XX      Measurement of average charcoal size 

Sise Rasure Av.  eise (1) *(2) (1) x (2) 

-"•» - „ 
+ 101.6 — 0.0 0.0 

-101.6 + 76.2 88.9 4.2 373.38 
-76.2 + 50.8 63.5 10.6 673.10 
-50.8 + 31.75 41.27 38.4 1584.77 
-31.75+ 25.4 28.57 25.2 719.69 

-25.4 + 15.87 20.63 I5.4 317.70 
-15.87 +12.70 H.28 4.2 59.99 
-12.70 + 9.52 11.11 1.0 11.11 
- 9.52 + 6.35 7.94 0.8 6.35 
- 6.35 + 0.00 3.18 0.2 0.64 

100.0 3746.75 

Average sise 3J; ÉP 37.46 

(b)   The sti 

Strang oharooal i« of utmost importance to resist the effects of 

insérons handling operation« in its transit frasi the kilns to the blast 

furnaoe.    tte losses, through the formation of fines, Between the kilns 
and the blast fnrnaeo oharging bucket may be 10-25JÍ in volume.   Generally, 

the Bore meohanised installations will produce more fines but the degra- 

dation of oharooal tends to   stabilise  itself,    «fois oan be seen in the 

tumbler tests when the oharooal is subjected to many hour« of rolling 
and tumbling. 

For this reason ooarse graded oharooal is weaker than finer oharooal 
which has suffered from the effects of much handling. 

L 
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For this reason the friability tarts, «hatter and tumbler, are 

•ade separately on ooarse (+ 31*75 "») oharooal and medium to fine 

(-31.75 + 6.35 on) oharooal. 

The friability teats area means of measuring the liability of the 

oharooal to break into smaller pieoes, when subjected to repeated handling, 

and so indicate the relative extent to which sized coals will decrease 

in sise during transport and descent inside the blast furnaoe. 

The figures in f indicate the reduction in sise which the original 

oharooal sise will have suffered during the test. 

Therefore, the lower the % figure the better the charcoal.    Ho Brazilian 

or International standards exist for charooal tests and the tests used have 

been derived from coal and ooke testing methods.    They can, therefore, 

only be considered as practical means of estimating the physical qualities 

of the oharooal. 

The tumbler test is considered the most important of the two 

friability tests.    It is derived from the recommendations H-556 of the 

VJCON Indioes of ooke of the International Organisation for Standarisation 

(ISO). 

10 kg of oharooal are placed in a steel test dram 1,000 mm long, 

1,000 am diameter fitted with four s tee.I angles,  fixed lengthwise inside 

the drum. The drum is rotated at 24 r.p.m. for one hour (total  1,400 rev.). 

Charooal is first tested at the works    reoeption.    The ooal is hand 

sieved and only material larger than 31.75 «•» i» tumbler tested to avoid 

the fine   sizes protecting the coarser pieoes by their cushion effect 

against shocks and abrasion. 

Previous to the tumbler test the new average sise of the oharooal must 

be oalculated (-as in table HC> After the tumbler test the resulting average 

sise is again oalculated. 

The friability is expressed as %: - 

.„ /.     Av. sise after test -> 
100 u " Av. Sise before test' 

Charooal, as charged to the blast furnaoe, is also tumbler tested. 

The three charge sise fraotion», coarse, medium and fine are tested separately. 
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Table XXI Charooal Tumbler Testing 

For ezaaple. Tasting of screened ooarse charge sise fraction. 

Si«« range before testing» 

Sise range av. aise (1) 16(2) (1)    x   (2) 
•» •• 

- 101.6 + 76.20 88.9 7.9 702.31 
-   76.2 + 50.80 63.5 20.0 1270.00 

-   50.8 + 31.75 41.27 72.1 2975.56 

100.0 4947.87 

average aise 49.47 

SiM nace after tartine: 

- av. Sise aal 1)     i (2) (1)    x    (2) 

- 101.6   + 76.20 88.9 0.0 - 

-   76.2   + 50.80 63.5 15.4 977.90 

-   5O.8O + 31.75 41.27 32.2 I328.89 

-   31.75 + 25.40 28.57 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 49.99 

-     9.52 +   6.35 7.94 3.2 25.4I 

-    6.35 *  0.00 3.18 2.2 7.00 

100.0 

Friability % 
average aise - 34*43 
100 ( 1 - 34.47 ) - 30.41 

49T47 

3442.72 

the drop «batter teat ia the aeoond friability teat. This teat is derived 

fro« the ASTJt D-440-49 for loal and the apparatus is described in ASTM 

1M40-49. Test net erial is prepared as for tnabler test and 10 kg are 

dropped four tines fron a height of I.83 n. The resulting average ooal sise 

is oalculated after sieving and compared with sise before testing as for 

tnabler tasting. 
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Choadoal analysis it always expressed an a dry baaia. 

Ash oontent is the remainder, after combustion at 700°C in a matti» 
furnace, of  on« gran of charooal.   Volatila natter represent the gases 

expelled from the oharooal «hen heated at 950°C for  five minutée.    Fixed 
oarbon ia 100 - (£ aah + Jt volatile «atter). 

Qashin* strength ia leaa important for operational purposes than 

friability figures ainoe the crushing strength figures do not expresa aa 

well the ability of the oharooal to resist abrasion and breakage. 

The crushing strength of oharooal varies greatly with the wood 

quality and how the oarbonisetion of the wood ha« been oonduoted.    Hood 

wMoh has been oarbonised too fast will result in oharooal with many oraoks 

and low oroshing strength.   The oroshing strength ia different when 

aeasured parallel or perpendicular (radial) to the original wood structure. 

The parallel strength is auch greater than the radial strength.    The radial 

strength   of oharooal fro« heterogenous Brasilien woods variée between 

25 «ad 50 kg/on2 and eucalyptus oharooal averages 30 kg/on2. 

For ooaparison minimus crushing strength of blast furnace ooke is sore 

than       100 kg/on •   For all these reasons, the crushing strength of ohar- 
ooal is not tested in the laboratory. 

External aspect of oharooal ia important and an experienoed oharooal expert 

can make an accurate Judgement of the quality of oharooal, both oheaioal 
and physical, fron the  following external observational 

A good oharooal must have brilliant black oolour, be hard, have no 

saell and give a olear aetallie aound when two pieoes are knooked together. 

(°)   Uboratorr eouinnent sad personnel. 

For undertaking the above analysis sad testing a properly equipped 

laboratory is essential.   Squipaent aust inolude, head sieves, 50 and 100 kg 

balancea, ball «ill, stoves, auffle furnaoe, electric ooabustion furnaoe, gas 

burners,    gas heated hot plates, platinan cruciblee, pyroaeters(up to 1,200^!), 

prsoieion balancea, laboratory glass ware and oheaioal reagents for wet 
analysia. 

Personnel should inolude two oheaists (teohniciana) for physioal and 
oheaioal laboratory and one helper for preparing material. 
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Bnildiat 
9 

70 », for pfepsiaal Urta 
35 u£ fer stasimi tasta 15tOOO 

35,000 

50,000 

•»tastali and 

UBI 

1,000/kooth 

1,000/MBth 

Total ÜB$ 2f000/MBtà 
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5. 

(a)  Blowing in 

The proooas of starting a furnaos is aullad "blowing in". 

It it oarried out in four stsps. 

(i) "Drying and heating tht atoras 

(ii) Drying th« furnaoe 

(iii) Pilline th« furnao« 
(IT) Blowing in th« fnrnao«. 

Drying 

Hewly oonatruotad or ralintd furnao«« and «toras ara carefully sad 

slowly driad b«for« thsy ar« pat into ssrvie«.   Th« rsason is to avoid 

as nuoh as possibl« «rtr—« thermal shook to th« lining and to drive off 

th« vast aaount of watar ábsorbad by th« bri ok during construction and 

contained in th« mortar used in brick laying. 

For drying two asthods ar« available depending on whether blast 

fumaos gas fron another furnao« (or another ooabustible, gas) is 

available during th« blowing in period. 

When gaa is available this oan be used during the whole drying and 

heating cycle of the stoves sad also for the initial light up of the blast 
furnaoe. 

Hhsn gas is not availabl« th« stoves Bust be driad and heated by 

inserting wood and oharooal into ths bottoa of th« stove ooabustion 

ohaaber.    In this oas« stovs heating oan be ooapleted by blast furnaoe 

gas as soon as this boconas available fron the nawly lit blast furnaoe. 
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w ffrwff 
given for 1JD t/day Uait fiumane »ita three stoves, Sahara1 plant. 

1. Start OB* dar before prelisdnary drying the blas* 
2. Start drying with aw, or firewood aad oharooal, la the botto« 

of the ooabuation ehaaber until -the teaperatare la the dos» reaches 2O0°C. 

Maintain this teaperature dorlnff 24 honra.   Staok alide valve stays open. 

3. Increase done teaperature 100°C every eight hears until it has 

700°C. 

4. Isolate the stove and aalntain dorn teaperature at 700°C by addine 

oharooal or gas, until tee furnace ia lit. 

5. Total drying and preheating tiaet     three dar» «lai—• 

(li) Brrins the blast fnraaoe. 

a»    Preliainary drying. 

i*       Keep blast furnace bells opea. 
ii.     Leave slag notoh opea,     without the oast iron unooolod holder. 

iii.   Hook all tigreros with day. 
iv.     Keep the hearth splash oooliag ayotes eloaod. 

v.       Open the oooling systea of the tuyeres and the turare oooler 

eastings. 
vi.      Shovel burning oharooal onto the hearth floor through the slag 

notoh opening, 
vii.    Cover this ooal layer with oharooal and firewood and start 

drying, 
vili. Blast furnaoe throat temperature not to exoeed 300°C. 

ix.     After 48 hours heating stop adding firewood and open tuyeres 

and tuyere elbow coverà. 

x»       Let hearth oool aad olean it out. 

zi.     Total tiae for preliadnary drying!    56 
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b. Pinal drying. 

i.  Close blast furnaoe bella. 

ii. Close tuyere elbows and remove any mat«rial union may 

clog the tuyeres, 

iii. Whan tht stove dome has reached 700°C, give a net blast 

at 400 C temperature during two hours. 

*•• After two hours, interrupt the hot blast and opeo furnace 

bells. 

v.  Increase doae temperature to 1,000*C 

vi. Total cycle: about four hours •inlaw. 

( i" ) Pilling the furnaoo. 

Scempie given for a 15O t/day blast furnaoe, Sabara Plant. 

». After drying the furnaoe insert a two lass sis« throve* th« iron astea 

iato the furnaoe. It should stiok out O.50 • and reach the hearth center. 

b, Pix the pipe to the iron notoh with clay. 

o. Charge into the furnaoe, through the slag notoh or tuyere opening, 

ooarst oharooal until the slag notoL level has 

A furnaoe of three • hearth dis—tar requires alz wr  of 

d. Insert the slag notoh holder and the slag notoh. 

a* Close the slag notoh or tuyere. 

f. Start filling the blast furnaoe aooording to the following burdec 

for a 150 t/day blast furnaoe. (See Table XXII). 

g. Use separate buckets for oharooal and for iron ore and fluxes. 

h* The total filling of a blast furnaoe having 92 «3 working voluae 

reqmrts 40 charges. Total tiae 4i hours. 

i. After 20 charges light the furnaoe by blast furnaoe gas through 

a tuyere, or if no gas is available, by inserting a red hot 

steel bar through the iron notch and blowing compressed air 

through the notoh. 

J. After the furnaoe has been ooapletely filled - i.e. the stookline 

recorder indicates "0" - start the blower and blow at O.J • water 
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lu   Mban blast furaaoa gas baoeaas availabla tba stswa w ba 

lit.   Mkaa stow dosa taaparatvra raaohas 1t0O0*C hat blast 

oaa ba fad to to« furaaoa. 

1.   Op«B tba haarth oooliag aystaa. 

m.   Inarm»* blast praaaura at a rata of 0«; • V.O. par 2 hour» 

until final daairad praasgra bad baas raacbad. 

Ixaaplat    Por final blast prsasnra of 3.6 a V.O. 14 hoars ara 

raanirad « 

a. Btova ohangaa any ba dona at tba following taapsratnraat 

Max. taaparatura of donas 1,000° C Blast taaparatvra 600° 

Min. taaparatura of dons:  900° C Blast taaparatura 500° 

a, «ban, within approxiaataly 3i hours, tba first aoltan iron 

appaars at tba taphola, it aast ba pluggsd. 

P.. Aftar tba oonplataly filiad furaaoa baa raoaivad 20 no« 

within approxiButaly 5t hours, tba first tappine will ba dona. 

Taks aaaplaa of iron and of ala«. 

q. Baring tba first tin days of blowing-in foundry pif ir» «i* 

two paroaat ailioon ia produca*. 

*•    Aftar tbia initial pariod burdaning is gradually adjustad to 

obtain tha daairad routina pig iron ooapoaitioiu 

•uabar 
of 

Coaraa 
oharooal 

Haaatita 
Iron Ora 

Quarts 
Ora 

Il»asinai 

Chargaa (+38 a«) 
nî k* k* 

10 2.2 - - - 

5 2.2 250 20 35 

5 2.2 400 20 40 

5 2.2 500 20 40 

5 2.2 600 15 30 

10 2.2 700 10 30 

Following 2.2 900 10 40 

Ctergas id id id id id 
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fbì  tortili« OOBTBtiOB. 

kMfl«!    **» - lì» */** ttMt  fUMNI «t BaBBl* lalf» BMill 
»roàBoinc aolta» hot «tel far 0JL. AUBMM 

TIM fumaoos operata continuously without that down OB taroo aigat 

skiftB. 

J3BX^S£__&5->239£B>9¿ 

Iron or« and fluxaa aro waigfead OB B ooatral aoala with   2t 3» kg 

OBpBOlty. 

iS BMBttroi by TOlttB». 

I.I     ÎB»  BBBB»«S Of  2.2 B3 VOlBB».    lOBB  BBfllMt 

OBZTÍM  OBO  OOBplot«  <*»Tf -   "OOBMBBtiOB ehBrffÍBffM -  OOBSlsUBg Of I 

Iron Or« + FUUEN • Cbarooal. 

t 2 oabie a. 

Iron or«! 1f09> kg 

TlBJoatnwi» 52 kg 

QBartBi 23 kg 

« ont 10 kg 

of onaroool BíBOBI    TWO tastata ooarao oaarooal • 38 m 

TWO  BBOkOta  BflálBB OBBTOOBl   20-38 BB) 

OB« bmokot fiaa   OBBTOOBI      10-» an 

II.:   Daaa aaparat« ohargiag of OBBTOOBI and iron 

OM bmokot iron ort and fli 

Ono baokot obarooal 

Li 1,6 OObiO B. 

Iron oro»       1,138 kg 
it 52 kf 

Qnnrt«: 23 kg 

i   10 kg 

L 
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Sequeno« of oharooal sises: The sas* M for blast furato« I. 

Tapping? Ivory 2 3/4 to 3 hour« up to 20 tons of hot ••tal 

tappai froa «ach furnao«. 

Opening iron notch. Drilling with pnauamtio drill and finally 

Burning with oxygen lano«. 

Cloaing iron notoh. By pneuaatic clay gun - on« por furnao«. 

Boutin« work b«tw«n tapping». 

Cleaning up aetal and «lag and repair of aain runner 

cooling oaat iron pi««, reaoring pi«« 

Preparation of casting beds for next oast. 

Casting hot —tal in sand   pasting beds 

when tap hoi« is open th« hot ««tal runs dorn th« aain trough. 

A skiaaer separatee any slag and diverts it to th« slag ladl«.   Th« 

iron runs to th« oastin« beds, or into ladles for transport to the st««l 

plant. 

At Sahara th« pigs art 850 - 1000 kg «aoh, which ar« hoisted by orane. 

Feraerly 15 - 20 kg pigs were east, annually broken and handled. 

The »olds ar« aad« of special sand with 3 f bentonite a» biadar* 

lanner» and »old» auat b« oarefully dried with l.F. ga». 

When easting in sand hot »etal teaperatur« »nst b« 1300   C, lower 

teseerature» result in «kull foramtion.    Oonsuaption of runner and »old 

•and, when easting 50 f, of hot artel into aolds, 50 kg/** 

S—oliar the Iron. 

At every topping a aaapl« of iron and of slag is taken. Th« iron is 

east into a sasll steel »old aad broken. (See figure 13 aoeording to 

Brasilia» Standard KB 573»)    Care aust b« taken to obtain a aaapl« whioh 
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Pifur« 13   Brazilian Standard Holds for pi« iron •ampliar. 
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it representative of tho «hoi« out. By visual observation of the grain 

of th« broken ohillod surfte« and the slag oolour an experienced blaat 

fnnao« aelter ia able to aake an aoourat« estiantion of the hot metal 

temperature and silioon oontent. A saaple of iron and alaf of eaoh 

tappine ia sent to the oheaical laboratory. The following eleaenta of 

the iron are analysed: C, Si, Ha, P, S. It ia sonetines unnecessary 

to analyse the elag at every tapping and onoe or twice a day will be 

sufficient. 

The Nonlevade plant of Belge Mineira, Mannossnnn and the Aoeaita 

plant use a vacuus speotroaeter for ohsnioal analysas. The saaple is 

taken in a ooppar sold represented on fig. 13 aooording to Brasilien 

standards. At Nonievade the saaple ia aent to the laboratory through 

a pneuaatic tube transportation aystea and the result sent back to the 

blast furnace by telex. Total tine: five niantes against one hour for oheaioal 

analyses and transportation aystea. 

Approxiemte oost of a Quantovac vacuna speetroaeter USI 100,000. 

Aooording to the Brasilien Association of Technical Standards (BB 84) 

the following standards have been established for oharooal pig iron. 

Table XXXII 

A. Pig iron for steel-tf7f7f^**" (B) and acid (A) process 

Type SUioott $ 

*w~i Phosphorus % Sulphur % 

Class Un Clans P Class 8 

I n III I II I II 

OU 1 O.JO »ax. 

O.4O 

0.41 

to 

9.80 

0.81 

to 

1.20 

0.07 

1 

O.O71 

to 

0.100 

0.010 

0.011 

tc 

0.020 

OAB 2 O.51 to 0.80 

GAB 3 0.81 to 1.20 

OAA 1.25 to 1.70 0.40 te 0.80 0.100 
•ex. 

0.020 
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Tabls THY 

B.    Pig iron for foundry iron. 

fyp* Silioon MknfkMM % Phosphorus %        Sulphur % 

Clua Ita Clua P Claas S 

I II III IT T I II III IV V I 

an i 1,00 MIX 

3,25 
MX. 

0,26 

to 

0,40 

0,41 

to 

0,60 

0,61 

to 

1,00 

1,01 
•in. 

0,10 

0,11 

to 

0,15 

0,16 

to 

0,30 

0,31 

to 

0,50 

0,51 
•in. 0.025 

•ax. 

OPT 2 1,01 to 1,50 

m 3 1,51 to 2,00 

w< 2,01 to 2,50 

•P5 2,51 to 3,00 

vre 3,01 aim. 

Slow «ad Blurt Paramo« das Analysis ate. 

In charooal blast furnao« praetio« slag quantity ia nomai ly about 

130 - 150 kg/t pig iron with a baaieity ratio |*j   - 0.7 to 0.9. 

A typical slaf analysis (no dolomita in tht burdan) is: 

OaO - 30 - 35 Hi   Si02 - 35 - 45 fi   àl^^ - 10 - 18 ft 

««0 - 2.5 - 3-5 *| MnO - 1 -   3 ti  PaO - 1 - 2 %. 

A typioal blast furnao« gas ooaposition is: 

002 - 14 - 18 %;    X - 24 - 27 %i    CH4 . 2 - 4 %. 

H2 (without oil injaotion) 4 - 6 %\ with oil injection 10 %, 
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Calorific value 900 -1,100 koatyniii . With high sinter burdens this 

decreases to 85O - 900 kcal/nm due to lower charcoal rate. 

Top gas temperature 100 - 200 C 

Top gas pressure 200 - 300 ran w.g. 

Stove operation 

Many existing small to medium blast furnace plants oper*>+* --.th two 

stoves per furnace. 

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 each 

furnace. This much reduces blast temperature fluctuations. 

The newer charcoal blast furnaces all have three stoves. Another 

arrangement which is sometimes found is to have five Btoves for two 

blast furnaces. 

Most present stoves have manually operated valves which are sometimes 

being mechanized by electric motors and the entire operation time is thus 

reduced to a few minutes against 10 to 15 minutes for the manual changing. 

This practice results in higher hot blast temperatures. 

The stove heating is controlled through the dome temperature which ìB 

measured by a pyrometer and recorded on an indicator. The newer type stoves 

are usually heated until the dome reaches 1»20C C. This temperature must 

not be exceeded. The resulting blast temperature will then be 900 C. 

The stove temperature depends also on the quality and condition of 

the refractory checkerwork. 

In recent years existing hot blast stoves have frequently been modified 

and improved with the aim of increasing the blast temperatures. This trend 

continues and the new large charcoal blast furiaces will operate at blast 

temperatures of 900 to 1,050 C against the present maximum of 850 C. 

L 
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(c)      Purnaoe operation with injection of oil or oharooal through tuyeres 

With the development of higher hot blast temperatures it it possible 

to inject hydrocarbon fuels or pulverised charcoal fines into the blast 

furnace tuyeres to control the flame temperature and at the same tine 

replace some of the charcoal. 

The oil used at the Belge Hineira Moni evade plant is of Brasilien 

origin and at normal temperature has a low fluidity and must be heated 

to 110°C to obtain sufficient fluidity.    After steam heating at the boiler 

house the oil arrives at the blast furnaoes at 90 - 100 C with a pressure 

of 11 kg/cm    in steam heated insulated piping. 

At the blast furnaoes it is filtered and distributed to each tuyere. 

The oil is injected into each furnace through lances whioh penetrate 

into the tuyeres. 

Oil consumption 40 - 45 kg/ton hot metal 

Oil specification: CV >  10,200 koal/kg 

specific gravity - 0.9 

composition C - 85 %i  H-«  10.4 %\    S - 1.0 $ (sax.) 

Replacement ratio: One kg oil replaces 1.6 kg charcoal 

One kg oil oosts USI 0.06. On* kg oharooal costs USI 0.06.    Thin one kg 

oil (USt 0.06) replaces USI 0.10 charcoal«10 tha operation is eoonoaic 

even at to days oil prices.    However, the most important effect is the 

decrease in charcoal rate. 

Aces ita plans to inject pulverised oharooal fines in its new 1t000 t/day 

blast furnace.    This technique has been used for a number of years in 

Australia.    See Section 4.1.  (b). 

L 



- 150 - 

(d) Oxygen enrichment of the blast. 

When the blast air is enriched with oxygen, the flame temperature 

increases and more oil must be added to control the flame temperature at 

approz. 2000°C. Por every percent 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 exceptionally favourable condition as its 

oxygen plant has an exoess oapacity and therefore the oxygen used in the 

enriohment of the blast has a very low cost. The resulting productivity 

gain of the blast furnaces is therefore obtained at a small extra cost. 

(e) High pressure operation 

Is Section 3.1.(d) "Kinetioi of gaseous flow in the blast fuñaos" 

it has been shown that one of the limiting factors in the blast furnaces 

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 s/stem to increase the exit gas pressure which permits 

a larger amount of air to be blown. With this increase in the quantity of 

air blown per minute there is a corresponding increase in production rate. 

Charooal is much more sensitive than coke to the lifting effect 

caused by large volumes of blast and higher top pressure will therefore 

have a more important effect on charooal than on ooke blast furnaoes. 

The following results are to be expected: 

1 
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Possibility of operating tht furnaoes at higher interniti« 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 constructed to with- 

stand increased blast and top gas pressure*. 

No Brazilian charcoal blast furnace has ever been operated on high 

top pressure. 
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7« SUPIR7ISI0W AID mBmO JUUlllMINIITS FOR BLAST FUHaOB 

9M axiating Braiilian charcoal blaat furaaoa pianta ara nrj 

variad in tha following roapaotat 

(a) Furaaoa si M and output. 

(b) Sagra* of aaehaniaation and aodaraiaation of aquipaant and 

oparation. 

(c) aanufaeturing prngraan« - whathar hot aatal for ataalaakiag, 

pi« iron for aal« or foundry uaa, bot aatal for pip* oaatiar 

or a combination of thaaa prograaaaa. 

(d) faa ability of tha aanagaawit. 

In eonaaquaue* tht nuabara and quality of auparriaory ataff and 

labour foro« Tarlai froa ooapany to ooapany aad froa plant to plant. 

To aatiaat« aamtlng raquiraaanti oorraetly diffarant rancai of plant 

aiaa ara oonaidarad aaparataly. 

(i ) Small to aadiua planta 50,000 to 150,000 t/yr - of currant 

daaign and oparation producing pig iron for foundriaa, 

(li) Larga planta 400,000 - 600,000 t/yr producine oxoluaivaly 

hot aatal for ataalaaking. 

It nay ba ooncludod that tha larga aad nodarn planta with a alfa 

labour productirity raquir« paraoimal whioh aaat ba taohnioally wall 

aduoatad, apacialiaad and trainad and fharafora wall raaunaratad. 

Baall blaat furnaoa planta of aiapla daaign aad oparation oaa 

uaa laaa akillad paraonaal. 

High taohaioal davalopaant of paraonaal la achiavad gradually 

is tha oouraa of yaara. 



- 154 - 
1 

L 

Tabi«? 

xxn 

Supervision and Labour for Plants »A« Osepting on 
Throe -  lieht Hoar Shift« Producing Pig Iron in Casting 
rxohinoo 

3S2Ü2S 

Plut 
Suporvision 
Charcoal 
Discharging, 
Storing «ad 
Sorooning 

!  Ponction 

Superintendant. 
Prod. 
Operatore 

Charginf and 
Operating the 
Blait Pomaooa 

Blower bona« 
and —ebani oal 
and electrical 
yfrtananoo  
Bepair of 
refractory 
1 inlaw 
Laboratory 

Handling raw"" 
•jaterials in 
plant transport, 
pig iron 
•hipping 

Crow (or labour) 

 Total 

Seal« operator* 
Hoist drivers 
Purnaot operatore 
Assist, operatore 
Stove minders 

Total  
Poronen' 
Blower driver* 
Repair sen 

Total 
"Pol 

.TotaL 
Supervision 
Cbeedsts 

Total 
Supervision 
Crew (labour) 

Total 

Offio« 
administration, 
costs, salariée, 
•hipping, daily 
production, etc. 

Offio« head 
Clerks 

Total 

PUR TOTAL 

lumber of Blast Pnrnaoee and Trlr Prw 

KMiM 
^ 

i 
i 
T 
14 

IT 
T 

4 
8 

14 
14 

i 
4 
T 
2 

? 
14 

TT 

1 
6 

110 

2 xl50 t/d 
100.000 

1 
1  j  

21 

I 7 
15 
21 
26 
JL 

"W 

i 
12 

TX 

185 

iésT 

28 

A 
12 
24 
42 
42 

8 
"HT 

i 
6 

42 

IT 

i 
22 

23 

296 

Productivity - X/WA/J—T   -    500 tons 

Productivity - nan hours/t •     4.8 nan hours 

Pigures to be increased 10 % for vacations, siokness sad accidents. 

The work foro« oan be reduced approxinately 10< if the plant makes hot 

metal for steclmaking. 
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Tablet        Saporrision aad Labourfor Pleats 1" Opratine 
 - »Ufa t Hoar »tiff Protects« Bet Betel 
for Their Owe Baiting Shops 

U7II 

Plut 
Supervision 

Cosrcosl 
dieoharfinf, 
storine sad 
screening (all 

tions •eohanis 
Off and 

operating ta« 
blast fumaoas 
(Baui-eutoaetic) 

Sectios Ponction 

operata 
Cnargii 

Saperiateadaat 
Prod. 

Supervision 
Poresjen 
Operatore 
assist, operatore 

Total 

Blower house, 
boilers, fuel 
injection 
•eohswlosi and 
electrical repairs. 

Repair of 
refractory 
liaiafs 

NstallsTfioal 
aad oheaioal 
laboratory 

Bandi 1ng raw 
aetsrials, hot 
aetal aad in plant 

Offioe adaiaistr 
oostSf salariée, 
shipping aad 
transport, daily 
production 

Superineendant 
Supervision 
Seal« and hoist ops, 
Parnaoe operatore 
Assist, operators 
Stove Binders (3 at, 

psr furnace) 
Total 

Superintendant      "" 
Supervision 
OU injection 
Blower driver 
Boiler operatore 
Baintcnanoe crew 

Total 
Superrision 
Poraaen 
Basons 

Total 
flaief aeiallurgist 
Betallurgiets 
Chaaists 
Assistente 

Total 
Superrision ~" 
Assist, superrision 
Operators 

Total 
Bead of offioe 
darks 

of Blast 
T—rlT Production 

3 x 400 
400,000 

V* 

Total 

PUB? TOTâL 

1 
1 

T 
3 

46 

T 
7 

12 
32 
32 

8 

T" 
7 
4 
7 
4 

£ 
1 
4 

* T 
6 
6 

To" 
T 
1 

12 
II T 

5 

T 
270 

Productivity« 
Productivity: 

Pigures to be 

t/aen/reer 
hoars/t 

10 % for vacations, 

1,300 t 
1.8 

4 x 500t/d 
600,000 to 

700,000 

1 
1 

T 
3 

61 
18 
IT 

7 
18 
42 
44 

12 

1 
1 

16 
IT 
T 
5 

351 

1,600 t 
1.55 

accidents. 

L 
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8.    CBiBOOAL BUST FDRÜGE PLAIT OCSICBr 

(») Blast finw lin«! 

As a oonstquonoe of the physios! characteristic» of 

tli« height of charcoal furaaoes is kept low ooaperod wits ook« 
blast fumaoo«. 

Piffnrt 14 •bom design ohsngw of th« principal Brasilias 

eharooal blast fnraaoM darin* tat last 40 years.    It osa so seen 

that the working haifhts hsv« boon aaintaiBod practically constant 

and sro now between 12 and 15 «, with exception of th« Aoosita fumane 

built is 1949 waioh had 16 • vorhin* height.   This fumaoo bad originally 
boon designed to ust oharooal and/or 00k«.   Todajs linos aro tho rasult 

of a «raduni «volution proooss whioh ha« boas «oins on for «any years 

derived fron furano« oaapaiga «zp«ri«no« and a continuous endeavour for 

1 

Th« haarth diaawters hart constantly increased froa approx.  2.50 a 

to 6 a for the latest for th« B*l«o aünsira furano« and 6.50 a far tho 
aoosita blast furono« now under construction. 

Aa«l«s of liaos1 

Bosh aa«l«i 80 to 84o 

Stack angle:       84 to 86° 

The lia«« of th« three lnr««st B«l«o Küwira blast furano«« «1th a 

haarth diaastar of 4,554••resultad froa ahanges and« in 1956 nt tbrM 

amllsr existing blast funaaoss.   (SM Pi«. 14)   z*«as fumaoas ha«« a 90° 
bosh aa«l« sod no separat« bosh and bolt linee, following the Swedish 

dsala« of a similar blast furnace.   Thi« special dosis« «M the rssult of 

a ooaproaise between th« desire to increase the furano« «elusa and output 

and the impossibility to increase the h«i«ht of th« furano« du« te existía« 

looal hoist oonditions.   Although these furnaces work satisfactorily at 

hist outputs and intensity of operation, their unione bosh and bolt desi«« 
has act boon adopted in the BOW Bel«o Xiaeira fuñaos of six a 
disaster. 
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(b)   TWBOT» 

Tuyeres are sad« of oopper easting.    Many pianti oast their own 

tuyeres. 

The welded tuyeres aade of oopper abaat and a forged oopper nose 

art not used is Brazilian oharooal furnaoe practice. 

fuaber and tuyere diaaeter«:    and nozsle dieaeters:    generally used are: 

Saall furnaoe«, hearth diaaeter    2.50a - 3* : 4 to 6 tuyeres, 90 aa dia«. 

Medita furnaces, hearth diaaeter 3.50a - 4« : 8 tuyeres, 90 aa - 110 diaa. 

Urte fumarne, hearth diaaeter   4.50a - 5« :12       " id id 
lew furnaoe«, hearth diaaeter       6a 16       " not diacloaed 

lb« trend is reoent year a has been toward increasing the nuaber of 

tuyere« to obtain a more regular blast distribution over the whole furnaoe 

croas section and the results have bees good. 

A good measure oonsists in inclining the tuyere nossle 10   toward 

the hearth bottom. 

(°) Blast furnaoe top 

À good top construction aust serve the following function«» 

(i)   Provide perfectly unifora distribution of the stock entering 

the furnaoe «took 

(ii) Prevent the esoape of large quantities of gas 
(iii) Reduce to a ainuaua the aaount of dust and ooarse partióles 

carried out with the gas 

(iv) Offer a tight seal against gas leaks 

The following types of tops are used on Brasilien oharooal blast 

furnaoe». 

a.    Single bell tops.    Mostly to be found on saaller furnaoes, but 

there are except i one.   The Nonlevade furnaoes have single bell 

tops because, after the transforaation of foraer aaaller furnaoes 
in the present large blast furnaoe«, it was not possible, due to 

local conditions, to increase the height in order to add a 
seoond bell.    The principal disadvantage of the single bell 

design i« the esoape of blast furnaoe gas at each ball charging. 

The charge bucket«, however, have covers. 

L 
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b. Saibl« b«ll top. Roatly usad OB aadiua -lo larf« blast 
fumo««,   Satisfactory distrfbutioB of barda* .tight 

olosiag of top.   Tary littl« ga« «soap«. 

c. lallass top.   Oat of ta« proJ«ot«d lar*» oharooal blast 
fimo« «ill bo built with this top systai of Paul Murta 

dasifa «sieh posait« ooatiaaous oaarfiaf of ta« blast 
thron«* « rotatine aad fallii« sagl« adjustabl« 

it« «aioa fttaraat««« aa «xoallaat distribution of tat 

aad paraiti hieb top pr«Bsuw with very littl« 

^ÏSIIBIIBT ^"Tff' 

(i)    aaaaal aad —1—tm>1 basest oaarfisf «w horiaeBtal oaarfiag 

brlag« it atill «aad oa a few of ta« saall«st blaat farsaoM.   ttas« 

ar« built aloBf a alopo aad ta* ooal aad or« «took heuaa« ar« looatad 

at blaat funse« top Uval. 

(li)   laoliaod baokot aoiit i» **ry popular - 

(iii) fartioal basket hoist at ftoalsvad« blaat 

fiffar« 15 

fi«?. 15     laaliaas baekat heist.   Staablar-Saamf Mf» 

L 
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With bucket hoist«, both inclined and vartioal, the bucket ia 

suspended fro« a carriage and drops tha oharga smoothly into tha apaoa 

above tha blaat furnace ball, or balla, through a bottoa opening provided 

with a amali ball. The bucket ia plaoad on a revolving con« while it ia 

being filiad with oharga. Iba praotioa give« a radially uniform oharca 

diatribution is tha buokat and, consequently, into tha furnaoe ataok. 

Inclinad boiata ara prafarabit to vartioal onaa as they allow 

abortar aaquanoa of oharging; ona aovaaent against two,but thay raqniro 

•ora apaoa for tha ohargiag bridga. 

(iv) Inclinad skip hoist, lb« two largast Brazilian oharooal blast 

furnaoaa, at A oasi ta and Naanaaamnn, uaa skip hoists which ara opan andad 

oharging staal oars which tip tha oharga into tha hoppar above tha ball. 

These furnaoaa had originally bean designad to uaa ooke or oharooal (Aoesita) 

or only ooke (Wannaa—Tin) and their charging aeohaniam had been adoptad 

froa ooke blaat fornace daaign. Iba opan andad skip, through its tilting 

action, is sore haraful to oharooal aise degradation than the smooth and 

gradual action of tha bottoa dropping bucket. 

Tha great advantage of tha akip oharging is its spaad and it is 

therefore being considered for large oharooal blaat furnaces, notwithstanding 

the haraful affect on oharooal aise degradation. 

(v)  Conveyor balta. Soae of tha newer 200 t/day Brasilias oharcoal blast 

furnaoaa uaa this type of oharging in combination with a rotating stock 

distribution hopper which gives good burden distribution inside the furnace. 

Bait oonvuyora are oontinaous and faat but sufficient space most be allowed 

to develop tha inclinad path of tha oonvayor to tha blast furnaoa top. 

(•) Blaat Fornace Structurât 

Brasiliaa oharooal blast furnaoaa follow one of three designs; 

tha olaasie Aaarioaa design, tha olaaaie Boropean daaign or variations 

of thee« «wo. 

(i)  Tha Aaarioaa daaign, as exaapled by Aoesita 4.70 a hearth diameter 

furnaoa, has no separase outside steal structure. 
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Several steel column», covered with caps, support the furnace 

mantle on which rests the load of the blast furnace stack from the 

bosh upwards, inclusive the furnace shell, the lining, the top 

applianoes and the charging bridge, the vertical gas uptake pipes, the 

steel platforms at the different furnace levels, with their stairs. 

Blast furnaoe 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. 

Disadvantages: the supporting steel columns are looated between the 

tuyeres, very close to the blast furnaoe, so that operation and 

maintenance work is somewhat hindered. 

(ii) The European 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 furnaoe shell and its foundations 

and is supported by four columns made of steel structure. The structure 

oarries the platforms and stairs at the different levels, the furnaoe 

top appliances, the charging bridge, inclined or horisontal, and the gas 

uptake pipes. The blast furnaoe stack rests on a steel mantle suspended 

by consoles attached to the four mentioned columns. 

as in the American design hearth and bosh of the furnaoe 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 looated at 

a good distanoe from the hearth and tuyere areas and permit easy aooess 

for operation and maintenance. 

Disadvantage is the heavy and expensive steel structure around the 

furnaoe. 

(iii) Variation to the Amerioan design, as exsmpled by 200 t/day Cimetal 

furnaoes, has no supporting columns for the mantle. The furnaoe shell 

supports the top gear, the inclined hoisting bridg«., the uptake gas pipes, 

the platforms and their stairs. 

The circular refractory lined pipe for the hot blast, called the 

"bustle pipe" is supported by several independent steel consoles fixed 

to steel column« encircling the hearth jacket plate. Advantage over the 

Amerioan classic design is the absenoe of columns. 

L 
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(iv)    Variation to the European design, as «sampled by Belgo-Mineira 

Moni «vede fornaoet of 400 t/day, maintains the uee of independent steel 

structure.    The blast furnaoe «hell is in one pieoe and the whole furnace 

is self-supporting and no nantie is needed to support the staok.   id-vantage 

over the classic European design is Bore simplicity. 

(f) Blast furnaoe shell; 

The shell of charcoal blast furnaces is an all welded self-supporting 

structure made of butt welded plates to present continuous, smooth, outside 

and inside surfaoes. 

Thiokness of plates of stack shell: 

Small furnaoes:       12 ma 
Medium furnaoes:      12 am to 16 am 

Large furnaoes:        19 ma (Monle-vade). 

The shell encircling -the hearth,  called hearth jaoketplate, auat 

withstand the busting foroes from inside the furnaoe and must therefore 

be made of thicker plate, particularly in the ooluanless or totally self- 

supporting furnaoes. 

Examples of plate thiokness in hearth jacket: 

Furnaoes with supporting oolumnm: 19 mm 

Large self-supporting furnaoes, Belgo Mineira, 

Monlevade (design d) 32 am 

Thiokness of tuyere jacket in large furnaoes s Monle-vade 36 mm. 

The hearth jaokst may be welded to the stack shell or may be 

independent fron it, following one or the other of the designs 1, 2,  3 or 

4 of the steel structure. 

(g)   Blast furnaoe lining: 

The Brasil ian charcoal blast furnaoes use exolusivaly high duty 

firebricks which are manufactured in the country.    Carbon bricks are 

not used as they are not yet manufactured in Brasil. 

L 
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Table min 
Spécifications of firebricks 

Characteristics Por hearth and both. 
Snper duty. High A1JD, 

For etaok in wall 
Low A1203 

A12°3 >  40* >   35* 

Si02 53* 52* 

P.2O3 <  1.6* <  2.0* 

Alkali« <   1* < 1* 
Refractóme as under load 1550°C U20°C 

Cold crushing strength 700 kg«/cm2 500 kg/om2 

Apparent density 2.3 g/em3 2.24 g/o»3 

Apparent poroaity 12.5* 15* 
Permanent dimensional ohange 

after re-burning at 1600°C 0.3Í -0.4* 

For hearth and boah the brieke must reaiet high temperature and 

the action of fluxea;  in the etaok in wall the brioki amat reeiat 

abraaion at comparatively low temperatura a.    They must alao reeiat 

impact and abraaion of the charge« as they are dropped into the furnace. 

In thie area aome Brazilian furnace« have used epecial oaet iron ringt 

with high surface hardneeg to protect the  refractory lining. 

For simplification and standardisation aome plante prefer to use 

super duty high alumina bricks for the whole furnaoe lining.    The price 

uJ.ff erano« between the two qualities is «mall. 

Firebricks are inspected carefully before being put in place in 

the furnaoe and all inequalities of the bricks are eliminated by machine 

grinding them.    Some plants prefer to grind all the bricks independently 

of the individual variations.    The brioka are laid in a thin slurry of 

refractory mortar which compensates for irregularities.    A minimum of 

slurry must be used and all excess slurry must be aqueesad out. 
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Thickness of slurry joint 

Composition of refractory «lurry n2o3 70% 

Si02 24* 

Pa 0 < 2.5* 

alkalis    ^ 1* 

Between blast fumaos shsll and the refractory lining s firsolay 

refractory oonorst« is sometimes oast but it is preferrabl« to us« thin 

refractory brick« or broksn pisos« of brick». This avoids th« prsssnos 

of large «Mounts of aoisturs. An szosllsnt praotio« consists in 

prsasssablinf at a separat« plaoe th« brick« for the oompl«t« bottom and 

hssrth lining. This operation permit« th« bricks to b« sslsctsd and to 

do th« neoessary grinding with much car« and without hurry. Ill th« 

brick« ar« marked befor« disassembling them. This praotio« ha« proved 

very ussful resulting in a savings of erection time, an exoellent quality 

of th« «xeouted work and consequently a longer lining life. The training, 

preparation and organisation of the blast fumaos lining labour foro« is 

very important for the good and fast szsoution of th« rsfrectory work. 

By careful preparation of the relining it was possible to r«du3« 

brioking tim« of a larga Brasilian blast furnao« from 40 days to 10 days. 
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Lining life: 

Figure 16 below »howe the refractory lining of a 400 t/day 

blaet fornace at Belgo Mineira, Noni evade, a« built and after four year* 

of operation. 

Figure 16 

Blaet Puraaoe Lining Wear. 

!• built after 4 y«are operation 
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Charcoal aih bai a very high alkali oontent - 10 to ljjt (soda 

and potaah). It is a wall known fact that alkali», «Tan in nail 

quantities, flux the furnaoe lining and therefore bava a pronounoed 

haraful affaot OB the refractory properties. It is for this reason 

that the manufacturers' specifications as to mart mum alkalis content in 

high duty firebrioks are vary strict. 

In the middle and lower parts of the staok the reaction between the 

SiOg of the firebrioks and the alkalis of the oharooal leads to an 

euteotoid composition with a low malting point, às a result of the 

softening of the lining, the blast fornace bordan tends to adhere to the 

encircling wall impeding the smooth desoant of the stock and damaging 

the lining. 

The alkalis aleo partly volatilisa, escaping with the gasas and 

condensing to form troublesome soaffolds on the furnace lining. These 

two effects, oombined, are responsible for the short refractory life of 

oharooal blast furnaoe linings in the middle staok area. 

The life of the blast furnaoe lining, oalled oampaign life, depends 

in a large measure upon: 

(i) The oooling conditions of the furnaoe. 

Experience has shown that intensively oooled oharooal blast 

furnaces have a longer life of lining than furnaces with 

a leas intensive oooling system. 

(ii) The regularity of the furnaoe operation. 

A"ehilled" hearth must be avoided which means that due 

to operational trouble, the furnaoe becomes steadily colder. 

(iii) The quality of the brick» and the care with which the lining 

has been executed. 

Campaign life of blast furnaoai producing hot metal for steel making 

varies between three to six years depending on aise, oooling systea and 

conditions of operation. 

The oost of lining is an important item in direct iron making oosts 

as shown under the following tablet 

1 
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Tabi« UH    &>•*  af ^M* »UMq* ¡Atti"!* 

L 

Daily upecity of "blast formo«" 

Typ« of iron produoed 

Hearth diauter 

Working holest 

Total might of lining 

Cut of lining (1977) 

Cost psr kg. 

Lift of lining 
Production of pig iron daring lining 

lifo 

Consumption of refractory/t pig iron 

Cost of refractory/t pig iron 

150 TOM 

Low - Si 

2.80 a 

12 •. 
230 tons 

us 1 50,000 

US $   0.20 

3 years 

150,000 t. 

1.6 kg 

us s 0.32 

400 Tons 

Low - Si 

4.60 • 

14 • 
470 tons 

US $90,000 

US t 0. 20 
3.5 ysars 

450,000 t. 

1 kg. 

US S 0.20. J 
(h) Cooling water» 

Charcoal "blast fumaos« require lau cooling watar than cok« blast 

furnao«« b«oaus« th«y ar« saallsr and oparat« at low«r t«siparatur«s. 

In aost casas furnao« cooling i« dons by spray oooting of th« shsll 

in th« low«r staok, bosh araas and around th« hsarth.   * trough 

i« fix«d to th« blast furnao« shsll «ncircling th« bosh and constantly 

supplisd with straaas of watsr.    Th« trough «nsur«s a olos« oontact bstwaan 

th« cooling watar and th« outsid« shall of th« bosh and próvidas a visibls 

•uns of determining that watar is circulating through th« oooling systu. 

Usually no inwall oooling boxas ar« usad, but th«r« ar« existing at lust 

two sxc«ptions.    Th«s« two larg« fumaoss had originally bean d«sign«d for 

ook« and/or charcoal.    Th« practiul results of th« inwall oooling boxes 

on thes« two furnaces ar« reported to be utisfaetorily and their 

refractory linings last longer than on furnaoes without oooling boxes. 

Whan oomparing specific water consumption« of oharooal blast fumaoss, 

a diffsrsne« must b« observed betwun the following several types of 

fumaoss. 

(i)   Thos« using metallic reouparators with a dry gas cleining 

tygtu.Metallic recuperators have no water oooled valves and 1 he dry gas 

cleaning   does not requir« water. 
Specific water consumptions    5 to 10 cubic a/t of pig iron (with recirculation) 

Hourly uter consumption for a 200 t/day blast fumaoet 

^ 
x     5 to 10 - 40 to 80 mJ^. 
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(li) Medina ilNi, 150 to 200 t/day blast fumo«», using two stovee, 

wet §M cleaning, spray oooling and operatine at a moderate intensity 

of production* 

Specific «atar consumption I5 to 25 • /t of pi« iron 

Hourly na tor consumption for a 2oo t/day furnaoet 

|J2gc( 15-25) -   125 to 200 «3/kr. 

(ill) Blast furnaces using thro« atoras, wot gas cleaning with 

disintegrators sad operating at high intensity of production. Spray 

and invali oooling boxas or only spray oooling• 

Spaoifie water consumption     50 to 60 a /t of pic iron. 

Hourly watar consumption of a 400 t/day fumaos» 

4g 1(50 to 60) -   800 to 1000 mò/hanT. 

(USA ooke blast furnaces raquirs 100 a /t of pi« iron). 

It is apparant fro« tbass figuras that the largar and nor* «labórate 

tha furnaoas ars, tna graatar tha naoaasary watar quantitiaa.   laoiroulation 

practioe, oonbinad with oooling of tha watar, must therefore bs ooaaidarad 

for nadiue to larga modern blast fumao« plants to radaea tht great watar 

consumption and oonsoqnantly the oost of oooling. 

Hatar raeiroulation, oonbinad with oooling, oan reduoe tha indioatad 

figuras by 80*, the naoaasary fresh watar make-up being 20* of the figuras. 

This praotioe is especially important in oaaas of watar aoaroity 

and whan the watar requires SOM kind of treatment, for example filtering 

in order to renove suspended natter, or hardness reduction (softening) to 

remove a oertain portion of oalciua and magnésium oarbonate. 

Oood water quality, ohanioal ami physioal, has a direct influenoe on 

the life span of all internally water oooled blast formée appliaaoes euoh 

asi    tuyeres and their holders, inwall oooling boxea, alag motones, store 

valves.   These oooling members ars very expensive. 

Water pressurai    2 to 2.5 atmosphères - 20 to 25 meters water oelumn. 

Souroes of supply:    wells, brooks and rivers. 
Hater from deep ground wells is generally free from suspended matter. 

In oaloareous regions it is always hard and must be softened through a 

ohenioal treatment.   Ibis is the cans for the region of Sate Lagons, Itauaa, 
Dirinopolt«, Rorth Heat from Belo Horisonte,  «here many small and medium 

aised blast furnace plants are situated. 

L 
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Hat«- froa brook« aad rliwi is always »ailad darla« tha raisy 

by avapsadad »tWr which snst te renovad by nettling followed 

by filtering. 

Large steel or ooncrete water reservoirs aast be provided. 

Ihtrmr poaaibls they should b« located at a auffioient height 

that, in oaa* of an aooidsntal failure of ths alaetpioal puaps, ths 

blast fumaos oooling systea oaa b« aupplisd by gravi*! during a oertain 

tiae, for Ínstanos ont hour, allottine ths blast fumaos operator to take 
the neceesary asasures for tha protection of ths internally blaat fura**« 

oooling plates. Disssl or gaeoline powered stand-by paaps aay also ba 

uaad for ths aaa« purpose. 

(i) Hot blaat 

The blaat is prabaatad by aetallic recuperators or not blast stovea. 

(i)  Ma tall ic reeuperatora. 

Two types of astallic recuperators art ooaaonly need: Olendone 

and Lieaaens. 

01andonai 

Thess recuperators oonaist of a serpentine, noraally aade in oaat 

iron »action«, oallad "bottlea", surrounded by * rafraotory ohaaber in 

which blast fumaos «mi is burned, thus haatinf tas air which aovas through 

tha aarpsntina.   Tas tsaperature in ths ooabustlon oaaaibar auat not 

azoaad 900°C whiob is ths aaxiaua tsaperature to whioh tha oaat iron 

aarpsntinas any b« szposad without «offorint daaage.   Tha reeulting 

aaxiaua blast taapsrator« is 600° C. 

Ths aquipasnt works oontinuoualy avoiding ths periodic reversals aad 

ths sxpsnsivs watsr coolsd hot air valves naoaaaary in stoves. 

Ths «as ussd in ths Qlendon raeupsrators is submitted to a primary 

dry claaninf through ths sffaot of axpansion in a siapls tost oatohar. 

Ths oast iron pipss bsoon« vary dirty as a rssult of fas dust dapoait 

and aunt bs clsansd at six-aonthly intervals.   This takas four to six days. 

Ths loas of blast pressura is graater than in stovas and raviras acre 
work fro« ths blowsrs.   Ths loaa of preasurs of wall diaanaioned Qlandon 

haatars is only 10 %. 

1 
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BM thsraal sffioisaoy of ih« ••tallio bastara is lew, 30%, 
ngaiaat 80* for tha «tor««. 

BM principal advaataga of thaaa blart furnaoa hartara ooaaists 

in tha low invastaaat oost and for that raaaon tbsy ara gansrsllj usad 

in saall and aiddla aiaad ebarooal blast furnaoa pianta producing pif 
iron. 

Sxaaplat   ICO t/day blast fumaos. 

Cost of 4 Olsndon raouparatora with 96 "bottlas" ssoh   Ü8 1250,000 
Cost of 2 stovss 08 1790,000 

Cost of 3 atovas US 11,000,000 

Iba hifhar oost for tha «ora alaborata gas olaaaiag systsa aast 
also ba oonsidarad. 

Lissjsns 

Thass ara nstallic raouparators of a aora advaaoad Assign.   Osa 

ooapany, Parro Brasil «irò, usad thass blast hsatars durinf asay yaars 

but baa ohanfad than for s toras, in ordar to inoras sa tha blast 
taaparatura. 

(")   Hot blast stovss (usually callad Oowpsrs) 

Normally thraa at ova a ara usad for aaeh blast fumaos.   Aaothar 

arrangaaaut oonsists in having fiva atovaa for two blast fumaoaa.   fha 

noraal oparational oyola ia for two atora a to ba haatad up and ana stava 

to bs on blast.   Stovas prahsat tha blast at higfear tsaparaturaa than tha 
bafora asntionsd nataliic raouparatora, tha rasult of tha hifhar 
taaparatura baingt 

a«   A raduetion of oharooal rata. 

Aooording to Stahl und lissa 83 (1963), «ha fasi savings will bs 
batwaan 5% and 3i for ovary inorsass of 100°C of blast 

500°C and 1t000°C. Ina highsr tha blast taaparatura, tha laas 

tha foal savings. 
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b.  Incraaa« of blast fumaoo output. 

Aooording *© "»• souroet   A   7 to 5)1 inoraasa of output fop 

100°C increase In blart tsaporaturo between 500°C and   1,OOO^J# 

The higher the temperature the loa* pronounood tao increase of tho output. 

o. Possibility of injeetiag additional solid, liquid or gaaeous 

fuels iato tho furaaoo which will roduoo itili BOTO tao oharooal rato. 

POP there advantageous reaeone all aodiua to lapfo Brasilian oharooal 

iron and steel planto heve adoptad stoves fop too preheating of tbo blaat. 
These stoves aro all of tbo oido ooabuotioB ohaaber type. 

ft» to tbo high investaent oooto of stoves, and aloo booauao sow 
•go it was a general opinion that oharooal blaat fumaooo should not 

oparato     at high blaat teaperaturee, acot plants startod blast foranee 

operation with two stoves and later addad a third ona.   Tho prasont trend 
is toward high blast tenperaturee.   A dotailod daaoription of tbo 

oonrtruetion and oporation of thaao fumaoo auziliarias in tho proaont 

P»per is unaooessary as oharooal and ooko blast furnaoas stoves bava tba 

•saw oharaoteriatioo.   Ino spooialisad toobnioal litaraturo oontaias all 
information on this aubjeot. 

Draal blaat tanporaturas in Brasilian oharooal fumaoo stoves erat 

Two stows 550°c   -   650°C. 

Three atovee 7<x)0c   to   900e
Cf exoeptionally 950°C. 

done taaparaturo 1,100°C 

It is aaaantial that tbo blaat fumaoo fas uaod in stove heating 
ba eloaaad aftar tho dust oatohar in two stafaa, usually by wot washing, 

to radueo to a miniaua tho oontant of fluo dust, it io woll known that 

oharooal blast fumaoo fluo dust severely attaoks tho firoolay brioko of tho 

ohaokerwork, dastroyinr than, alawst oartainljr by tho fluzinf offoot of tba 
alkalis in tho oharooal ash. 

Her*ired dafroo of oloaaaaas of stove haatiaf gaet Max 0.10 «a dust/na3 

Stows require largo aaounts of high and super duty refractoriee. 
Lot    150 t/day blast fumaoo with two stoves. 

•anting aurfaoo of oaoh stoves 4,700 sq. n. 
laight of rafraetory works I4 a 

Total waight of rafraetory brioka of two storost    840 tons 
Coat of brioka, inclusi?« orootion of aaaonrys   U8 1350,000. 
Tho briok lining of a stove usually lasts 15 



r - 173 - 
1 

L 

(J) Q— d—nine Pl«ntt 

Saall and nadiun sissd pi« iron producine piasti with 01andón 

blast hsattrs, ua* priaary sta«* dry clsanin« of th* «aa in dust 

oatehars and/or ont or two osntrifu«nl olaaaars, eyolonaa,  install** 

is ssrias.   All th*** plants bar* a «ma «xoaaa which thay burn in 
torohas. 

Ths iron and ataal planta with stov** us« priaary, dry and wat, 

sad sseondary wat sta«*« «as claanin«. The followin« tabic shows tb* 

rasult of a typical «as claanin« installation (Bal«o Ninaira). 

Tabla   XXX    Dust oonosntratioas in blast fumaos sas claaniar installation? 

Sta«« of olaaninff 
 - , 

Dust oonoantration mt/tm 
Ini at Outlst 

Prinary staff* dry dust oatohsr 26.0 6.0 
Priaary wat washsr > stationary 

spray towar 6.0 0.5 
Saoondary wot waahar:  Thaiian 

disintagrator * 0.5 0.3 
Moistur« «lininator 0.3 0.025 

opsratioa and aaintalnaao*. 
Tha intsffratad ataal plants and blast fumaos plants bavin« own 

foundriaa ffsnarally mak* passably good us* of thsir blast furnao* «as, 

but aoaa plant* loa* a ffraat quantity. 

Iron and staal plants should nak* a aaxiaua ua* of thair blast 

furnao* «as. Stov** or art all ic raouparators ua* about 25 % of the 
«as produosd. 

Othar usss arai - 

Dryinff of hot natal runnars and sand castin« bads. 

Dryin« and prahaatinc of hot natal ladlas, both for hot statai and 
for liquid st**l. 

Basvtinff of hot natal nixara. 

Rolline mill soaking pits and rahaatinff furnao**. 

Dryin« and prahaatinff of opan haarth furnao** aftar rapairs. 
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Fonadrlaat   Drying of aolda, battu* of drying fanaoaa for 

last traatnaat fmuMt    For wir«, ahaat, atrip. 

Baatrlotad anaai    Bailan. 

Jornarly, tha gaa MM alao uaad in intanai ooabuation 

ooaplad to gananton ef alactric powar and for diraet operation of air 

alowan for tha fanaoaa. Hart fanaoa gaa «i alao fomnrly uaad for 
haating opaa haarth ataal fanaoaa. 

two planta, »a mu ana mi and Aoaaita, bava blaat fanaoa gaa oollaotioa 

and atorafa vaaaala (gmaoaatan) of approxlaataly 30,000 oubio a. colane 
whioh nava prond vary oaafol for aterine larga anoanta of gaa and 

amaliaiag ita pra—wa at approxinmtaly 300 an «atar oolana pi laain i. 
Aia praotioa ia vary TInonaiurtabla though littla aaad. 

00 Air blowaw 

Ina blowing of nodan oharooal blaat fanaoaa ia neatly ¥7 alae*rie 

tarte blowara.    Tha blaat pra—mi ramirad dapanda on tha 

working haignt and tha pamaability of tha bardan.   Oanarally 

obarooal blaat fanaoa raqoin low praaaara oanparad with ooka 
blaat fanaoaa. 

Danai air blaat praaanraa at axit   of blowan arat 

11 to nadian blaat fanaoaa (50 - 100 t/day)t    3 to 5 aatara *4. 
Radian blaat fanaoaa (100 to 200 t/day): 5 to 7     " " 

Urga blaat fanaoaa (4oo to 800 t/day)» 6 to 9     " « 

Air rataa an alao lowar than for ooka blaat fanaoaa.   Air nta for 

onarooal blown hot natal:    1,400 to 1,600 n3/* of pi« iron. 

Ooka blaat fanaoaa raqoin 1,500 to 1,800 n3/t of pig iron. 
It ia aaoaaaary to add 10* to aaoh figura to oonr loaaaa. 

Qnanoitr of äSsr PíOwar 
Volon» 
EST 
6000 

Praaaara »oter          Wanarta 
blaat fanaoa a.w«g. 

3x1.1 80 t/day Badia! 5x45       5 Sariaa 11 
200 t/day Bajial 14,000 5x1-* 5x112     5 "          • 
250 t/day Turbo- 21,000 5 320 
400 t/day blower 

30,000 10 1100 

L 
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(l)Pig casting amohines 

Sand oMtinff of UM iron in aost plants gradually hat bam raplaoad 

by aaohina easting.    Mhan machine oastiag, tha sol tao iron is usually first 
poured into a ladle which mmj ba haatad and froa this tUtad into tha 
pig «achina. 

Two types of pig aaohinas ara usad in Brasili 

(i)     Tha standard aneli ess chain typ« Machina.    Its description hará is 

unnaoaaaary aa all tha interesting details will ba found in tha taohnioal 
litaratura. 

(ii)   Tha circular casting »chins.   This »china is a siapls and vary 

afficiant devioe.   Tha casting whaal, alraady usad in tht baginning of the 

oentury, consists of a oiroular structura made of two oonoantric rings 

forming a horisontal plana and joined by radial members to a cantra of 

rotation.    Tha se rings carry the aolds supportad by wheal • oouplad on fizad 

and indapandant axles.   A siaple transmission aakas the aaohine rotate as 

the aolds fill with tha liquid iron,   in operator tilts the aolds which 

rotata about thair longitudinal axis.    This tilting action is affactad by 

aaans of an appropriata osa which causas tha diaangagaaant of tha pigs 

which fall into a pit and ara renovad fron thara by a truck.   Tha aapty 

aolds ara sprayed with a lias or graphite wash to pravant sticking of the 
iron to the aolds. 

Tha travailing and casting spaed of the aaohina is synohronissd with 

the astal flow froa tha ladle by the aaohina opsrator so that a full sisad 
pig is foraad in each «old. 

(m) Continuous blast furnace tapping 

1 Brazilian company,  Sidsrurgioa Itatiaia,, city of Itauna, Ninas 

Garais, has davaloped and patantad a continuous blast furnace tapping 

method which has been adoptad by 30 small and aadiua sise charcoal blast 

furnaces and is reported to work satisfactorily. 

A fizad refractory lined rectangular vessai is added to tha outside 

of the blast furnace hearth.    Molten iron flows continuously from the hearth 

of the blast furnace through a channel    connected with the hearth of 

tha rectangular vessel and from this to the pig anchina or iron heated ladle 

or mixer.    The latter can be mounted on a special truok for transport of 

liquid iron to the nearby steel plant.   One plant receives by this aethod 
12 tons of liquid iron every three hours. 

1 
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It it riportai that this continuous tapping method offer* 

operational advantage! for aamll and mediun ai sad furnaoaa. 

•rrrfrrrrrrfffff 

Picora 17. Continolia Blast Furnace Tapping. 

(i) Bap hola clay gun 

Closing the hot natal hole ia done on all charcoal blaat furnaoaa 

by maana of a pneumatic day gun of the swinging -type mounted on a 

pedeatal in the oaat houae or on one of the furnace columna. 

(ii) Pi appeal of iron 

Open refractory lined ladles are mostly uaed; capacities range 

from 10 to 60 tona depending on blaat furnace size. 

The larger iron and steel oompaniea uae ladles mounted on a rail 

carriage which tranaporta the hot metal to the ateel plant. 

The pig iron producing planta have rarely a railway transportation 

aya tea) and uae fixed ladlea which are moved to the pig amohine by overhead 

boiata which do also the tipping of the ladlee over the casting maohinea. 

Thema pouring ladlea are sometimes heated, whioh ia an advantage. A few 

planta have started truck tranaportation of the hot metal to ateel planta. 

One ateel plant uses cigax—ehaped (torpedo) hot metal tranafer cara to 

ita own ateel shop. This ladle also functions aa a metal mixer and the 

regalar fixed mixer ia eliminated. 
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(p) Channel typ« induction heated fumaos» for iron 

Son« charcoal blast furnace plants with iron foundries use channel 

type induction heated fornaoei (Ajax) which reoeive the molten iron 

fro« the blast furnaces.    "Diese furnaces increase and maintain the hot 

metal temperature at the desired level for casting and also make the 

necessary adjustments of chemical composition by additives. 

This is particularly important for silioon content because if the 

blast furnace does not have to produoe high silicon iron it can operate 

at a lower coke rate. 

Power consumption of the electric heating:    200 to 230 kWh/t. 

The results of these furnaoes are ezoellent. 

Some American steel experts are presently developing a new application 

of this method for hot petal use in basic oxygen steelmaking through an 

increase of the hot metal  temperature by up to     260°C which would allow 

to aalt higher proportions of scrap, cold metal or sponge iron.    Ho 

results are yet reported.    This method might prove especially useful for 

charcoal  blown hot metal because of its lower temperature. 

Similar results are obtained by preheating scrap (Mannesmann). 

(o)   Slag disposal 

Blast furnace slag usually flows into cinder ladle« 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 available, the flow of 

molten  slag may be directed into a specially prepared dump from which it 

is removed after cooling.    The molten slag may also be directed into fixed 

cinder pots which are later removed by trucks.    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 granulated slag must be 

removed from the basin by a grab bucket.    The granulated slag is a good 

ingredient of the self-fluxing sinter mix as it lends the sinter an 

exoellent porosity and takes ths plaoe of an equal amount of necessary 

additon of sand and limestone.   Addition is limited to about 2$ of the 

wet sinter mix. 
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Charcoal blast furnace slag nay b« transformad into an excellant 

lightweight insulating material by blowing high pressore air into 

the Btream of molten slag at its exit from the slag notoh. However, 

this operation is very disagreeable for the operators due to the flakes 

of insulating light material which blow around like snow. 

Other possible applications of charcoal blast furnace acid slag 

are: As a substitute for stone in the building of highways, roads, 

railways, in cement making, used in granulated form, up to 10 % of the 

clinker, aad in the manufaotur« of special bricks. 

Braalian 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 after dumping. 

(p) Instrumentation and control 

The blast furnace operator is aided and guided in establishing and 

maintaining the best possible balance between the many variable factors 

affecting furnace operation by some automatic devices which indicate or 

record conditions at various points in the fúrnaoe system. The principal 

recording and indicating instruments are located on a panel in a control 

room. 

In blast furnace plants with metallic recuperators the usual 

instruments are: 

(i)  Blast volume, pressure and temperature indicators and recorders. 

Measured in bustle pipe. 

(ii) Metallic recuperator combustion temperature indicator and recorder - 

measured inside combustion chamber. Range 0 - 1,000 f 

(iii) Blast furnace top temperature (0 - 8O0°C) and pressure indicators 

and recorders. 

(iv) Manually operated visual stookline indicator. 

(v)  Stock line recorder. 

(vi) Blast furnace top gas analyser and recorder. 

L 
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In blast furato« pianti with seoondary gas oleaniag and stoves 

for blast heating the usual Instruments are: 

(i) Hast volume, prsssurs and temperature indioators and raoordars - 

measured in busti« pip«. 

(ii) das prassur« indioator and raoordar after seoondary cleaning. 

(iii) Combustion and air temperature reoorder and indioator in «aoh 

stove - separately in don» and staok. 

(iv) Blast furnaee gai volume reoorder and indioator for «aoh stove. 

(v) Stook lin« reoorder and indioator. 

(vi) Blast furnaoes gas analyser and raoordar. 

(vii) Analyser of ooabustion gases at stove and exit to staok. 

(viii) Oxygen content analyser of ooabustion games at stove exit to 

staok. 

(iz) Cooling mater pressure indioator. 

In blast furnaee plants with oil injeotion and oxygen enriohmmnt of 

blast additional instruments are: 

(i) Oil pressure, temperature and volume indioators. 

(ii) Oxygen oontent analyser of aariehed blast. 

(iii)Automatie oxygen volume oontroller and reoorder. 
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9.    SPECIAL QUALITY FEATURES OF IRON AMD STEEL PRODUCTS NAHE FROM 

CHARCOAL BLOWN IR0Ï 

The good qualities of charcoal blown pig iron, particularly Brasilias 

charcoal pig iron are due to the following factors: 

(a)   The absence of sulphur in the charcoal. 

(b), The low temperature in the blast furnace and of the molten 

iron. 

Brazilian 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 Brazilian 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 I Class II Class I Class II 

Coke blown pig iron 0.15 max 0.16 
to 

0.30 

O.O25 max 0.026 
to 

O.05O 

Charcoal blown pig iron 0.070 
max 

O.07O 
to 

0.100 

0.010 
max 

0.011 
to 

0.020 

In most Brazilian plants no bought scrap is used, which is frequently 

contaminated with tramp elements, "home" scrap is used. 

Charcoal blow pig iron has a fine graphite grain structure which does 

not deteriorate after renelting,  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 tramp 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 German and Swedish nodular iron 

rolls made from charcoal iron. 

L 
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The superior quality of oharooal foundry iron over ooke blown 

iron has boos specifically proven la the following applications: 

(a) Ingot Moulds. 

Ih« consumption per ton of oruds steel is at lsast 2 kg loss than 

for moulds mads from coke blown iron. 

(b) Internai oosibustion snginss. 

The Brasil ian autoaobil« manufacturers, who uas exclusively oharooal 

blown iron in their foundries, bava all attested th« superior quality of 
the oharooal iron. 

The inherent qualities of the oharooal pig iron also sake it an 

excellent raw material for steel manufacturing«    particularly for the 

carbon and special quality gradee.    The high purity of oharooal blown 

steel gives it good hot and especially cold, plastioity.    The elongation 

value of oharcoM.1 blown steel is at least 2 % better than that of coke 

blown steel having the saae yield strength.    This quality has proven 

very useful in the manufacture and the performance of two products: 

Ria sections for automobile and truck wheels requiring a high 
fatigue resistance. 

Chassis sections for automobile and trucks requiring the saae 
characteristic». 

The outstanding qualities of oharooal blown steel have proven 

especially useful in the manufacture of steel wires, principally the 

very fine high carbon ones permitting high drawing speeds at reductions, 

from the rod diameter,  of up to H% without breakage of the wires. 

It is a well known factor that the ma: tfacture of wires with the high 

plastic deformation of the original section is frequently accompanied 

by quality problems and it is in this respect that oharooal blown steel 
has proven very useful. 

Brasilien and foreign manufacturer» of steel ropes, special springs, 

bead and cord wires for tires, who use wire rod made from oharooal blown 

•teel as raw material, have all expressed their favourable opinion as to 
the superior quality of the raw steel and the finished produots. 

L 
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tic ilthouffa good ataala outDám faorally a««* 
iron, ih« UM of oharooal hoi MUI aakoa tho stsal 
proo«M oaaiar mat ^*apar, avoiding MM of Ik« «anally 
•ad difficult troatw.*ta «fellah aro roquirod in ook« naood atool praetio«. 
It would oortalnly M uaofal and prof i Ubi« for «ho Braallian oharooal 
fcnaod iron and «tool industry to «atabliaa with •oro nraoision, through 
•otallurgioal roaoaroh mad dorolopnont work, tho influant» of th« 
ohaaraotariatioa of oharooal blow iron on tho ouataading quality of 
foundry and ataal produots dori*od fron that •atarial. 

L 
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WÎMJLUOB It OTRH OOUMTRIB, ALTBöttTIVI flAIOOil» TBOPOLOOIKS AID 
MiTii w MtTiiiiïi' mf(và\- mim? wimr m WWP riçiWMgiffÇi 

1.    FHflflfflM" ^**P P0> AMD 8TBBL DTCÜ3TRH8 III OTnTO OOU1TTRHS. 
(a)    MTOBU (Bibliography reference« 3, 20, 21, 28, 29, 30, 31) 

Sweden vu the dominant iron producer in Europe from the letter 

pert of the XVII Century to the end of the XVIII Century.    The only 

typt of fuel Mhioh oould be ueed in ironmaking wee oharcoal whioh 

wee produoed in large quantitiee fro« wood out of veet foréete. 

Until the end of the last  War pi« iron production in charcoal blaet 

furnaoee trae the aoet important method of iron ore reduction.    In I917 

the Swedieh charcoal pig iron production reached ite peak which wae 

nearly re-attained in 1944.    The laet oharooal blaet furnace wae cloeed 
down in I966. 

Tthlt XXffü   s^adirt nhaT^.1 wf 4~,„ ~~*.^fnn 

Tear 

I75O 

1843 
1900 

1910 

1917 
1920 

1930 

1940 

1944 

1950 
I960 
1966 

1967 

Blaet furnaoee 
Bunber in 
operation 

about 400 

206 

133 
103 

109 
82 

47 

37 

approx. 

24 

3 
1 

Yearly output 
tone 

61,000 

119,000 

504,000 

541,000 

661,000 

379,000 

274,000 

354,000 

650,000 

173,000 

23,000 

10,000 

Electric fumacee 
»umber In 
operation 

1 

8 

12 

4 

5 
5 
5 
2 

Yearly output 
tone 

1,000 

58,000 

67,000 

34,000 

48,000 

40,000 

38,000 

33,000 

Total 
product ioi 
tone 

61,000 

119,000 

504,000 

542,000 

719,000 

440,000 

308,000 

402,000 

690,000 

211,000 

56,000 

10,000 

Swedieh charcoal ie an excellent reducing agent ae it eontain» only email 
amounts of eulphur, phoaphorue    and ash.    Ite reactivity ie auch higher 
than that of metallurgical ooke. 
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Tb« charcoal pi« iron waioh gsnarally oontalasd Usa than 0.01$ % S 

and 0.025 F» »M an idsal raw aatarial for tha mäkln«- of hi«h quality 
staals. 

Tha ohareoal blast furnaoas war« taall production unita.    In 1947 

tha «Tarata haarth diaaatar m 2.3 a, total   h«i«ht 16.T   • with a working 

roluaa of 81 oubio a.    Tha avaraga production waa 40 t/day par furnaea. 
Tha largast oharooal blaat furnao« avar to to H built in Swadan «ma 

tha fumaoa Ir. Ut SD, Hof ora, oloaad down in 1953, «haraupon 

tha works ohangad ovar to uaa rafinad ooko pi« iron and aponga iron 
for tha production of acid opan haarth staal. 

Tabla XXXIV 

Total blast furnao« voluaa, oH 

MJUBUSSXL Ir' 

112 
Pi« iron-i of burdan (100 i aintar) 63-9 
Blast taaparatur« (diractly haatad aatallic 

raouparator) 620° C 
Consuaption of driad charcoal a^/t 4.4 
Daily output, tona 115 
Total production 1947, tona                            32,245 

Qraat prograaa was mad« botwaan 1910 and I940 in raduoin« tha oharooal 
oonsuaption aa may b« aaan in tha following tabi«. 

XXXV Tibia >Uon in Swsdiah »la« 

Taar Pig iron 
production 

Charooal 
a3/ton of 

Charooal production 
7.rron stack % froa 

tona/yaar pig iron Poraat pilaa Furnao«a 

I9IO 541,000 6.3 91.8 8.2 
1917 661,000 5-7 95-3 4.7 
1920 379,000 5.6 90.0 10.0 
1930 374,000 5.3 84.8 I5.2 
1940 354,000 5.2 80.2 I9.8 
1944 650,000 (ap iprcor. ) 
I95O 173,000 5-3 
I960 23,000 5-3 
1967 - - - - 
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Plfwr« 18.   lo.1 BlMt furato« SKF Hof ors. 
fhê liTffwt furate« «vor built in Swodoai staat down 1953. 
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POT comparison of charcoal consumption with Brasili» 
pnotloo it should be remembered that Swedish oharooal has a lower 

bulk density. 
Ths first sintering plant, using *»• Oreenawalt system, was built 

in 1915.    Sweden b«o*i« a pionaar ia tha usa of sintar in the blast 

furnace burdan.    Sinot 1930 all lump ora was raplacad by sintar at 
Hofors with the rasult that tha charcoal consumption fall considerably. 

In addition to tha aavinf of fual, tha uae of sintsr also had tht 

important advantage of laadinf to incraasad production.    Por many 

years it waa common practica to uaa burdans consisting mainly of 
sintar.    Conoantration of iron oras introduoad richar burdans snd 

lad to considerably rtduoad slag voluaaa, about 250 kg par ton of pig 

iron and tvan laaa in oartain oaaaa. 
jmong othar asthods adoptad to raduoa oharcoal oonsuaption waa tha 

addition of ths necessary limaatont or,  avan battar,  lias, to tha 

mixture for sintsring snd tha uaa of incraasad blast temperature. 

Tha oharooal consumption par ton of pig iron, a figura of dscisivs 

importano« to ths eoonosy of tha prooass, amountad to 850 kg on an 

avarag« in I913.    In 1947 tha figure, had baan raduead to 630 kg. 

(i)    Coks blast furnaoas 

Cok« was first usad as a raducing agant in Swedish blast furnaoas at 

tha snd of ths XIXth century,  at first mixed with charcoal and latar 

alona.    Por a considerable time ths quantity of coka pig iron produosd 

was only modsrats, but after the economic depression in the 1930«s 

the production began to ineraase oonsidsrably.    The years following 

the last War show a vry marked rise from about 220,000 tons in 1946 

to 750,000 tons in 1953. 

The main reaaon for this »*• the increase of the prioe of wood 

due to the high demand of timber for woodpulp. 
Also, as charcoal-making requires much manual labour and as labour 

cost« bava incraassd very muoh, the oharooal prioe has consequently 

also rissn and baoams so «pensive that the oharcoal blast furnace 



L 

- 187 - 

lost ground in competition with ta* ooko blast furnace. 

Host of tao Swedish cok« pi^ iron io oonsuaed in tao production 

of oonaercial otools.    it soae work», where tho ooko pif iron is 

usod as raw aatorial also for quality stools, tao pif iron is 

desulphurised outsido tao blast fumaoo with finely fround powdor of 
burnt lias. 

(") nsetric pi« iron furnaooo 

Tao first aethod of producing pig iron elactrioally was 

dovolopod in Sweden,    in I910 "Jernkontoret* built a pilot-plant 

furnaoo of tho "üektroaetal" type and during tao next tan years 

several furnaoos of this typo woro orootod at difforant work». 

Tao uppor part of tho furnaoo is siailar to that of a blast furnaoo 

and tho lowor part oonsists of a wido melting chamber with four to 

oight olootrodos on tho circumference of tho roof.    Charcoal is 

ussd as principal roducing agsnt but, as tho host neoessary for tho 

proooss is supplied by sloetric onorgy, tho oharooal consvnption is 
auch lowor than of tho oharooal blast furnaoo. 

This typo of furnaoo, whiofa nay bo oallod tho oloctric high 

shaft furnaoo, oannot work with ooko alono as a roducing agant at 

loaat   60Í oharooal must bo usod.    Thoroforo, only a fe* units aro 

now in uso and no now onoo havo boon installed.    Tho units aro snail 

and produoo, doponding on furnaoo siso, 50 to 70 tons of pig iron 
par day.    Tho onorgy oonsuaption is 2,000 kMh/ton. 

Tho electric low shaft furnace of the Tysland Hole type, whieh was 

developed in lorway,  is usod in sono works in Sweden.    This furnaoe 

oan use either oharooal or a mixture of ooko and ooko bréese as » 
reducing agent. 

The largest units built in Sweden have a power input of 10,000 KH, 

produoo 100 tons a day and 30,000 t a yoar.of pig iron.    Coke 

oonsuaption (for a 5JJÉ Pe ore) is 380 kg per t of pig iron. 

Brasil has langer eleotrio furnaoos.    One unit of 33tOOO m and 200 t/day 
capacity is presently being projected. 

The reason why the eleotrio prooesses have not beo cat «or« importent 

is their high power oonsuaptioti - 2,000 to 2,500 kMh/ton of pig iron, 
which aeane that they require aooeas to vxj oheap power. 

1 
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This situation has of course changed sino« 1973 «ad oountrlM like 

Brasil snow a new interest tonará «laetrio reduction furnaeas. 

Ina following tabla shows Swedish fusi and power oonsuaption figuras, 

until 1954,  for different aathods of iron making. 

Tabls XXXV1   Swadiah fuel and powar oonaumption for iron making 

Procass         1 Oharooal     1 
kg/ton iron 

COKS 
(Blast furnact! 

kg/t iron 

COO 
(Brats* ) 
kg/t iron 

POWER 
kWh/t 

Charcoal Blast 630 

310 

650 

200 » 

80 

110 

2000 

2300 

Purnao* 

Usetrio Fie Iront 

High Shaft Furnace» 

Low Shaft Purnaoei 

(ill)     Charcoal Manufactura 
Charcoal manufacturing was mostly intagratad with a luabaring oparation. 

Wast* wood, branchas and sswaill slabs war* us*d.    Th* oc    cation of 

carbonisation of wood had raaohad in Swadan a high dagr** oi perfection. 

Carbonisation was by forest pilas and oharooal carbonisation furnace*. 

During th* laat war a total of   5,000 units of these two types ware 

in operation, producing charcoal for iron and steel plants (30J6) and 

for automobil* gas generators (70?), aa all motor vehicles  in Sweden 

ware oonverted to use gas generated from oharooal. 

During the years 1939 to 1949, due to the fuel shortage, several large 
oharooal production plants with recovery of by-products were built 

for Swadiah Government owned enterprises.    The largest amount of the 

oharooal produced in these planta was used in automobil* gas generators. 

a*    Preparation and transportation of the wood for forest charcoal piles 

The slender round logs of coniferous trees and the thick branchée of 

big treea are out in pieoes of 1,5 to 3 meters length.   The length of 

"»• wood pieoes depends on the type of wood.    To obtain a tight packing 
of the wood inside the pile or the furnace, th* vxy straight pieces 
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of wood art out into three matar« lengths, the tortuou» pieces into 

1,5 matar 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 paying the labour which works mostly on 

contract par volume of wood.    The trees are out during spring and 

early summer and the woodpiles allowed to dry for approximately three 

months, when their moisture content will have attained a minimum of 

20JÍ.     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 out in spring and early summer, the wood   dried during 

summer and the carbonisation is done in fall and winter.    Tears ago 

wood transportation was frequently done in winter time by sledges, 

which were frequently drawn by horses.    Where watercourses are available, 

they supply simple and cheap transportation for floating of large quan- 

titiea of wood pieces to or close to the charcoal furnaces, where the 

unloading from the water is done by cranes. 

b.    Forest piles or earth kilns 

They represent the oldest and simplest method for manufacturing 

charcoal.    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 I50 kg/nr and the 
r»tio weight of wood -—.-«-4--*«i- 7.1 

weight of charcoal* «PProxi.at.ly 7:1 

Charcoal made from tropical ' >ods and Brazilian charcoal practice 

on the other hand, has lower oarbon and higher volatile mattar, with 

bulk density around 250 kg/nr and a weight ratio of wood to charcoal 

of between 4:1 and 5:1. 

The forest pile was, until I950, very popular in Sweden for blast 

furnace charcoal manufacturing and a high degree of perfection had 

been obtained, both in its construction and its operation. 

The most  important improvement in the forest kiln was the bottom flue 

and the outside stack. 
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In I940, 8q£ of all Swedish charcoal was produced in forait pile« and 

tha remainder by other method« by 1944 the foraat pila« produced only 

40jL of the total charcoal.    Thie inversion of trend was caused by 

the War and its affects on the fuel economy °f the country which 

required the by- producta of wood distillation. 

übe modern type Swedish circular forest pile, as described by Bergstros, 

is shown in Figure 19* 

Pifw« 19.    Meda» Swedish circular forest nils 

L 
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It is built ir the following manner: 

The bottom of the base ie covered with wood log« forming a grate 

on which the wood ìB piled vertically.    The grate forms a free 

space between the bottom and the woodcharge through which passeB 

the air necessary for the carbonization process. 

The pile has an outside stack, made of steel drums, which ie 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 bas«. 

The carbonisation process is started by introducing a torch into 

the flue.    This type of pile ie reported to be easy to operate, to 

produce good charcoal quality with a yield of 55* charooal to wood 

volume.    This ie exoellent.    The pile's volume varies from 100 to 25O m^ 

of wood.    The whole cycle takes 24 days;  four days for charging, six aays 

for carbonisation, 10 days for cooling and four days for discharge. 

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 

a low bulk density, 130 to 160 kg/m3 for charcoal made from coniferous 

trees.     It has a vxy 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 muet 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 artistry.    Wherever rusticity of construction and operation, 

flexibility and mobility are desired, the simple brick built,  beehive 

kilns give good results, good yields with much operational simplicity, 

case and speed of operation. 

o.    Carbonisation Furnaces with or without recovery of by-product» 

During World War II the charcoal manufacture in furnaces 

increased considerably for the reasons given before. 

In Sweden three types of carbonisation furnaces or ovens exist: 
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i« - !• torta which UM the reheated recirculated gasea, produced darin« 

til« distillation procesa and whioh are totally or partially foroad 
bj fana through the wood being oarbonised. 

Theae inatallations ara vary expensive and thair oporation ia only 

aoonoaieal in larga inatallationa.   Continuoua and non-oontiancua 

oarbonisation ratorta of this type eziat. 

One proooaa largely uaed during the laat War with recovery of the 
distillation by-product a, was the DTIJP1SST0BP oarbonisation prooaaa. 

Carbonisation takes placa in vertical ratorta at températures of 5OO - 

600 C. The hot gas antera at the top of the retorts, leavea at the botto« 

at a reduced teaperature and paaaaa through a ayate« of acrubbers and 

oondansars where tar ia reaoved and other by producta are recovered. 

During the War years, fro« 1939 - 1943, several OTA process charcoal 
plants ware operated by Swedish Qoveruseut enterprises.   The large at one 

the plant at Pitea which produced 120,000 «3 of charcoal par year 

was («aybe still is) the largest oarbonisation plant in Sweden 
probably in Burope. 

The necessity for thaaa large planta was dictated by the scarcity of 

oil and gasolina for «otor vehicles which ware converted to use gas 

generated fro« oharooal.   A considerable part of thie charcoal was «applied 
by -the above «rationed plants. 

One «sail OTA plant was erected at a blast furnace.    It had three 

ratorta in whioh oroaseut wood, split and dried round wood was boated 

to carbonising teaasimturss with circulating gas «tatd with the flu« 

fa* ttm m ovan heated with blast fumaos gas.   This plant operated 
only two year«.   UM TSSSIWJB for this short period are not 

Lsation retorts are «o«t sai table for use with 

of ssmll diasnaions and the oharooal produoed ia suitable 

*w a variety of purposes.   The tssasrstars la the narbinrl sing seas 

is higher than ia the seal  11 mitineóme retorts aad rimisi BSMIIIJ the 
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oharooal  ie vary low in volatil« matter.    The continu ou« carbonization 

retorts are claimed to be cheaper in first cost, have lower operatine 

coats and save labor. 

ii.  - Furnaces which use for the carbonisation proceas the heat 

generated by the partial combustión of the wood being 

carbonised. 

These furnaces are of simple design easy to operate, and therefore 

cheap;    many of then were built in Sweden during the last war. 

The most important installâtiens consist of horizontal tunnels with 

rails, which hold four to five wheel carriages of 10 BP volume each, 

which pass successively through a drying chamber, a carboni rat ion chamber 

and finally through a cooling chamber, 

iii.      - Furnaces using an outside source of heat for the wood 

drying and carbonising process. 

Some of these furnaces use the heat produced by the combustion of 

wood or charcoal fines, in a separate combustion chamber,  for wood 

drying and the carbonisation process,  increasing thus the yield wood 

to charcoal.    1 very simple and efficient design is the SCHWARTZ furnace 

which burns small wood in an outside ambustión chamber.    A detailed 

description of this furnace and its operation is given in the section 

about Argentina, 

d.  Kilns 

These are direct heated, which means that they urne for the 

carbonisât ion process the heat generated by the partial combustion 

of the wood being carbonised.    They are built of bricks, with a lime 

mortar, and mostly arc circular with a dome shaped ceiling. 

They are vvy large, have a diameter of six to nine meters and an 

overall height varying from four to seven meters and a «all thickness 

of 0.30 m*   Their capacity of wood ranges from 200 to 350 s>3. 

As they are rvy large, they allow mechanisation of the operations of 

wood charging and coal unloading. 

They h(,ve ones been very popular in the DBA, where moa» fuñíame 
of this type were built as late ae 1959.    The mechanical charging of 

the wood is done through a oentral opening in the dome or through a 
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large side door which ia also uaad for coal discharge.    In general, 

euch kilns art built,  in batteries of three to five, along the baae of a 

hill or bank, ao that they can be conveniently charged through the top. 

Wood charged in carriage« run along and at the height of the kiln 

ceiling and can feed two rows of kilns.    A complete cycle take« apprar. 

25 days:   four days fop charging, seven day» for heating and carbonisation, 

12 days for cooling and four days for discharge.   Due to the long cycle, 

production of these large kiln« i« very low.    A battery of five kilr« 

produces about 900 m^ charcoal/month.    Each kiln cost« about US$10,000 

and thi« fac'.or,    combined with their low productivity, makes them 

uneconomic so they cannot be recommended. 

(iv)Protection, transportation and measurement of charcoal 

Swedish charcoal with 20)6 or more moisture was not charged into 

the blast furnace« because it was found to decrease iron output 20Í 

and increase charcoal consumption by a similar amount.    Wet charcoal 

was dried on special metallic conveyors at temperature« of 100 C to 

120°C.    Special care was taken against risks of fire. 

After careful drying charcoal recovers it« original mechanical strength. 

To protect charcoal from rain and «now, it was stored in wooden buildings 

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 

concerned.    In the coal houses the charcoal was screened and the 

coal fines were taken to the sintering plant.    Different kinds of 

ch&rcoal were mixed in given proportions. 

When truck transport was used,  because of fire danger,  the insurance 

companies did not allow the trucks to enter the charcoal houses of the 

steel ooapaniee and the charcoal was therefore unloaded outside the 

depots, onto belt conveyors. 

For railway transportation, special care was taken to avoid flying 

«•bars fron the wood fired locomotives which 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. 
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Por railing transport, the tariff was fixed on the charcoal volume 

Mh«n leaving the railway station because, during transportation, a 

reduction of voluae of 2 to % take« place due to the settling of the 

coal. 
Official charcoal Beaaurenent after production, measured in a 2 m3 

 1.00 «3 

Voluae neaeured in the charcoal «heiter, aituated in 

the foreat °-94 » 

Voluae Beaaured when leaving the ahelter: 1.03 » 

» "at railway car loading «tat ion:   O.96 » 

n «     at       " "    eteel plant arrival atation 0.93 •* 

(In Brasil the tariff ia calculated on a fixed apee if ic weight of 

300 kg/«3). 

(•)    Trainin; of people for charcoal manufacture 

"Jernkontoret" uaed to hold yearly three technical couraea for the 

future operatore of kiln« and fumaeaa.    The couraea give theoretical 

and practical knowledges and had the duration of 12 Bontha.    The 

following dieciplinea were taught: 

Cutting of the tree« and their treatment after having bean felled, 

aeasureaent, tranaport, preparation of the kiln, carbonisation, 

discharging of kiln, atoring and transport of charcoal, salarias, 

accountancy of charcoal operation, knowledge    of forestry.    After 

completion of the course, the students used to continue their studies 

at the Aoadeay of Forestry and in the School of Forest Inspectors. 

The "Jernkontoret" course was reserved for Swedish citisene and was 

fra«, with exception of living expenses. 

(•i)  «one fff»— *»fh   
Although Swedish tras species used for oharcoal are quite different 

fro« those of warn or tropical rations, some of the factors which 

have s& influence on the quality of charcoal »re conven to all regions 

of the Berth, 

a»      Hnmidity.    It should not exeeed 2Ü* for blast furnace charcoal 

and 12Í for gas proaneer chareoal.    The latter east be free 

fres tar. 
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b.      Bulk density of dry charcoal.     It it a veiy important factor for 

the corract estimation of charcoal quality.    The bulk density 

of dry charcoal depends on: 

i.      The density of the wood. 

General speaking,  denae wood will yield dense charcoal and light 

wood light charcoal.    The density of wood depends, beside the tree 

species, on the conditions under which the trees have grown. 

The saae tree species can produce charcoal of bulk densities varying 

upto 40*.,  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 saae species of trees: 

Bulk density kg/m^ 

Wood Charcoal 

Slowly grown 460 320 

Hrt       " 350 230 

For artificially planted forests it is VTJ iaportsnt to deter«ine 

toe 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 ragions, only svariano* 
datara ine that age. 

Botte« wood will give charcoal of bulk density half that of healthy 
wood and with a lew aechanieal strength. 

Charcoal produced from the bask of the wood has only 2/3 of the balk 

denaity of that aade with the trunk of the tree.    It also produces 
aera aah and aere charcoal fines. 

11«  The charcoal sise:    Bzaaple: 

Coarse charcoal, average sise 9 to I5 oa 121 kg/«3 

Fine charcoal, average sise 2 to 4 oa I52 kg/«3 

As «antioned before,  oharooal aade of coniferous woods snd by the 

Swodish practice,  is auch lighter than charcoal aade froa tropical 

má by Brasilia« practice. 
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1 
- How the kiln or furnace is operated:    High or low temperature, 

fait or elow, good or bad supervision. 

Analysis Fine and spruce wood 

Charcoal fron 
Porert Piles 

Charcoal fron 
Furnaces 

C 89.O-92.5 * 79.O-68.O   i 

H2 3.2 - 2.3 i 5.I- 3.2    * 

°2 6.6- 4-5 i I5.O- 7.0   i 

Ash 0.7- 1.2 i 0.7- 1.2    i 

P 0.02-0.03 í 0.02-0.03 $ 

Calorific Valve 
r*Ok Density 

8,000 loal/kg 
about 150 W« i 

7,900 leal/kg 
about 120 k«/«3 

forest'pile charcoal is produced at higher temperatures than furnace 

charcoal.    It was always preferred by the blast furnace operators. 
The risk of self-ignition is considerably greater with furnace charcoal. 

It *ust be underlined here that there exists a difference between 

Swedish and Brasilien charcoal as to quality, both cheaioal and physical. 

The Swedish charcoal has a higher fixed Carbon content, lower volatile 

•atter, lower bulk density, lower tendency to self-ignition than 

charcoal «ade in   Brasilien practice.    However, the average Brasilien 

ehareoal ha« a good mechanical strength and has given good results 

fro« all points of view,  in large blast furnace«, upto 700 t/day and, 

in the near future, 900 to 1,000 t/day. 

c.   PhosBhorms content 

The nie is:    The lower the better.    Leaf trees have 4 time« 

•ore phoephorus Hum coniferous woods.    The bark and the ««all branche« 

contain «ore than the tree-trunk.    Phoephorue content also varies with 

the «oil composition. 
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(yii)Conclusions from Swedish sxperience 

Although *û« l***1 Swedish charcoal blast furnace was closed 
domi is 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 regions wishing 

to introduce charcoal based iron and steel making technology. 

Specific points to be considered are: 

Forestry:    Careful harvesting of the forests. 

Mandatory replacement of felled forest areas. 

Substantial use, for charcoal,  of secondary wood, like 

waste wood, branches,  slender trees. 

Preparation of the wood, barking, drying, cutting. 

Charcoal manufacture:    Careful preparation of the piles. 

Good stacking of the wood. 

Careful operation. 

Charcoal transportation and storing:    Protection against water. 

" against fire risks. 

Screening before storing 

to separate the fines. 

Charcoal quality: Special attention as to composition.    High fixed 
carbon.    Laboratory methods for testing the 
chemical properties 

Work fores«    Theoretical and practical training in all operations. 

Blast furnace operation:   Good burden prept.¿*ation. 

„ Intensive use of sintered iron ores. 

Hoed and charcoal as industrial fuels:    ficperienee during the last 
War and possibility to use that experience 

in count ries with large forest reservas. 
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(to)    AUSTRALIA Çiiblioerraphy referentes 20,   M ) 

(i)    Introduction 

Australia has one »mall charcoal basad iron and steel plant 

the Wundowie Iron and Steel Co.    Western Australia producing 60,000 

t/yr of pig iron. 

(ii) Charcoal Manufacture 

The Wundowie plant is characterized by the unique fact thrt 

the charcoal is manufactured right at the iron plant site and not, 

as usual, in the forests. 

(iii) Forest Operation 

The wood used for oarbonisation comas 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 by having his 

bulldosing carried out at half cost. 

Over the past 100 years, the sawmilling and allied industries have 

been steadily cutting these forests, removing the best logs and leaving 

the worst.    These tress which are not good for sawmilling have tended 

to remain standing in the forest beoause   their removal is costly and 

uneconomic. 

The form of the natural old eucalyptus tree, with its spreading crown, 

necessarily produces large quantities of branchwood even in good type 

forests.    Adding to this the poor type tress, the dead and useless 

species,  it is evident that up to 70" of the wood produoed by a natural 

old suoalyptus forest is only waste wood. 

ftwalyptus waste wood will lsst for many years when lying on the ground 

and there is a great nssd for industrias to use the vast amounts of 

waste wood and renové the forest debris which,  otherwise, can only 

be destroyed by periodic bush fires. 
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A good forsst operation resulti  in a forest floor olear of fallen 

and dead trees, traversed by trasks and roads. 

The cost of wood is a very important factor as it takes approximately 

3.5 to 4 t of wood with 2% moisture to produce one tor of charooal. 

Under the conditions in Wundowie wood represents 1% of the total 

cost of the charcoal and is therefore given 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 

so that winter (Austrelia) cutting is confined to the high and dry 

areas. 

(iv) Hood preparation 

Wood preparation is arranged to suit the particular situation 

at Wundowie where two different types of carbonizing plant are used 

each requiring    a feed    «took 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 grain 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. 

(v)   Wood dzrtasT 

Freshly felled euoslyptus trees contain from 40 to 6o£ free 

moisture.    Drying experiments with wood cut into 25 cm blocks gave 

the following free moisture content: 

1 week 6 months 12 months 18 months 

54.4% 31.6J6 21.6* 15.9% 

The initial free moisture content of the wood charged to the carbonisation 

units has a great influence on fuel consumption and carbonisation time. 
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The proceBB of drying wood is slow.     Short cuts of wood across the 

grain dry at a faster rate laut shorter cuts mean more frequent saw 

cuts,   requiring more milling time and increasing sawdust losses. 

Consequently a compromise has to be reached. 

It is  important to airdry the wood as far as pose ibi e  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 carbonisation units. 

(vi) Charcoal manufacturing plant. 

The Wundowie plant uses two different charcoal carbonising 

methods. 
a.    Batch type of retorts,  derived from the Pennsylvania type 

retorts, popular in the USA until the late 1950's. 

Air dried wood ct  in 1.20 m lengths  ìB piled into lattice type 

steel containers mounted on buggies.     Pour buggies,   each containing 

4.5 t of airdried wood are connected together and are pushed into a 

retort 16 m long.    The retort ìB a closed B**eel vessel three m high by 

two • wide with flat sides and bottom and an arched roof.    It is hung 

in a brickwork setting.    It has two off-takes leading to condensers 

and it is heated externally by flue gas from five combustion chambers 

located under the retort length.    After the buggies having been pushed 

into the retort,   it  is closed and firing commencée, using blast furnace 

gas or non condensable wood gas.    During the first few hours the 

heating is rapid,  to reach the distillation temperature.    When the 

exothermic reaction takes place, the external heat must be decreased. 

The whole operation takeB between 12 to 24 h,  depending on the moisture 

content and sise of the wood charged.    When the distillation ìB over 

all burners are turned off. 
The buggies are withdrawn hot and transferred to an air-tight cooling 

chamber for two days with a quenching spray of water after the first 

day.    The charge shrinks considerably during the distillation.    The 

charcoal consists of rather large piscas with vtry little dust. 
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Duration of total cycle, including cooling:    three days 

Hie plant consists of seven retorts of this type. 

Daily production capacity: 4-0 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 by hot gases blown around a circumferential 

steel annalus.    The hot gas  is recycled through an external reheating 

furnace which maintains temperatures at the desired level of 450 C. 

This retort has eliminated many of the disadvantages or the previous type, 

but still suffers from the limitation of temperatures to which mild 

steel can be subjected. 

Yield in weight of charcoal:  ..   . .4C< 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 aa for cooling the charcoal.    The gases are circulated counter- 

current to the wood and heated by partial  internal combustion.     The 

wood is fed continuously and charcoal removed continuously.     (See 

figure 20) .Each retort consists of a vertical steel unlined cylinder 

apprcoc.  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 pennit 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 oharooal  is cooled before withdrawal  in 

the bottom section. 
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(The newer SIPIC  installât ione use separate wood pre-driers heated 

by the hot gases producer1 in the carbonising retort.    The; wood is 

dried to 10Í moisture.    This system 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 whir.h is recycled through a reheating 

external combustion chamber 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 

approximately 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 gases is similar to blast 

furnace gas at about 98O kcal/kg.    No other source of heat beside 

the gas produced is necessary with wood of 2% moisture.    Duration of 

process,   from entering the retort to the exit of the cooled charcoal, 

is  approximately 12 hours. 

The product quality is well controlled by the gas temperature and 

can be maintained at 90Ä fixed carbon at will.     The withdrawal  of the 

charcoal  results in s^me sise degradation caused by the valves but the 

material  is otherwise of excellent quality for blast furnace use.    Yield 

in weight  of charcoal:    25 to 3$ of the charged wood with 2% moisture. 

The SIPIC units  are very expensive to install and require large saw- 

mills to cut large .quantities of wood into small  pieces,    fhey 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 retnrts on slow burning for 

a few hours or a few days. 

The SIPIC  proceas is especially appropriate in countries where wood 

and labour costa are high. This is the case for highly  industrialized 

countries. 

Daily production of two retorts at Vundowie 70 t/day 

Yearly production 20,000 t. 
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CIRCULATING GAS RETORT 
FOR CONTINUOUSCHARCOALPRODUCnON 

Figur« 20.   Diagram of circulating gai ratort for oontinuou» 

charcoal production,   SIFB prooaaa» 
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A pilot plant portable retort ha« been developed at Wundowie with 

a capacity of on» ton par day. 
It consists of a jacketed stati cylinder located above a firebox 

burning wood waste. The flue gas is directed over the whole outside 

surface and through a central ohinney of the inner vessel holding 

the charge.    Downpipes from the inner vessel direct the py rol igneous 

vapors   into the firebox,    thereby saving fuel and eliminating 

pollution. 
Tield by weight of oharooal - 20 % of the charged wood. (This low 

yield is probably due to a high carbonising temperature resulting a 

charcoal with high fixed carbon and low volatile natter). 

Duration of complete cycle, including ooolingi    two days 

Disadvantage of the syst am:    The wood must be out in small pieces 

and the operation is labour intensive. 

(vii)Blast Furnace Plant 

The Wundernde plant has two blast furnaces each 2.44 • hearth 

diameter with working volumes of 84 sad 67 m3. 

Total output is 200 t/dsy and productivity is 1.32 t/m3 of 

working volume or 20 t/o2 of hearth area.    Output is limited by 

available fuel.    For comparison the mbmlevade furnaces in Brasil 

have maximum productivity of 28 t/a . 

Six tuyeres are used of 76 and 89 am diameter.   llaat furnace liningi 

oeramic bricks in throat, stack and bosk with oarbon brioks in 

tuyere jacket and hearth walla. 

Furnace« have double bells, charged by skip and distributed 

by McKee rotary hopper. 
Oas cleaning is by primary dust catcher and Vcsrkmrl scrubber. 

Furnace cooling is by splash cooling of bosh, tuyere jacket and 

hearth.   Stack cooling boxea were orginally installed but their 

cooling effect was too severe on such amali furnace« so they are 

no longer uaed. 
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(viii tornano operation 

Tn« screened row naterials ars atorad la bunkera located above 

a acal« oar tannai.   Bardan la alzad and not separated which aaaaa 

that all raw natariala oonpoeing one eharfe are dnaped together into 

the skip.    Mixed, layer and apiral ofaarginff have been tried without 

noticeable differenoe in furane* operation.    (Probable rerjoa is the 

vary anali fornace diuuoter). 

Iron ore nine is situated at 320 ka by rail transport. 

The ore ia nixed haantite and linonite with average Fe content 

61 £.   Hat P and traap «lenente are low. 

The charcoal haa balk density of 290 kg/"3 fixed carbon of 70*60 % 

and 15-25 % volatile natter.    All charcoal +4 an is charged to the 

1. -4 on fines are about 12 i of total oharconl. 

•all aiae of charcoal is possible becunas of snail fornace 

Tolaae. 

ÍTnrssnlftf at 12 an haa a favourable effect on the pcrnaability of 

the fumaos burden and on the charcoal rate per t of pig iron which 

nsnrsaeso 10 %.    nowever, this level of screening would reject about 

23 % of the charcoal prednood and ana/ sxoeed the —.Tie— posaiW.« to 

be injected through the tuyeres.    Conclusions on this natter ars 

until trials have bean carried out. 

•a the charcoal is proomood at the iron and steal plant it suffers 

a nlnlnun of transportation.    This explains the vary anali anount of 

fines under four an.    In Brasili» pmetios -4 n» finos average 18-20 i. 

four an er« polveri sed ia a asnas mill to 

annal   onBnnnV    •un^w    «neSs^^vh^«' annona     ansx^panjaapai     aanapj     a^a^gr^slaV^Brao>    ^FA      anoanj    a>anevnaawMF^sane> 

fines are trsaaported by air and separated out by 

into a pi1 sanan vannai at each fornace.    It ir discharged 

periodically into a «icona jasesius vaaaal situated directly below 

it fitted at tao botton with venturi sosales.    Cosai rana ad air at 

about two atan spasiis ia uñad to pick up the fines mai 
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by heavy walled rubber hose to lancet inserted through the 

eyepiece« of the tuyeres.    Usually two lancee per furnace are 

employed and these are periodically rotated from tuyere to tuyere. 

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 Hundowie can be made much «ore 

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 a/t of pig iron say 

thus be possible.    If this   can be achieved, the operation will 

compare favourably with large coke fueled blast furnaces. 

Research work is being done on the briquetting of charcoal fines. 

(One drawback is that charcoal fines, due to their high porosity, 

require large amounts of binder and that secondary carbonisation 

aust be carried out before the necessary strength is developed for 

blast furnace use. ) 

(*)  Secondary processing of the pig iron 

The hot metal direct from the blast furnaces is transferred to 

high frequency induction furnaces for alloying and superheating. 

(See also similar trends in Brasil).    All type of cast iron have 

been produced,  including grey iron of all grades,  ductile iron, 

ni-hard, high chrome alloys and chrome-molybdenum irons.    Recently, 

steels have bean aade is a shaking ladle and held is the induction 

furnaces prior to casting, 

(xi) Conclusion» 

The Australian operation at the Wundowie plant has unique 

conditions in the charcoal iron and steel industry.    The aspect« 

described are typical of conditions existing in highly developed 

countries like Australia with a strong emphasis on low labour «ad high 

capital intensity. 

The following points are worth ooaaidariagi 
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a*    formt* 

The foresta whioh supply the wood canalst of natural old 

euoalyptus treea.    Tha foraat and esumili oparat ions ara highly 

orgsnissd and mechanised.    Good **• is aada of vasta wood for tha 

charcoal Manufactura.    Graat cara ia taken to properly airdry 

tha wood to rertuoe tha transportât ion coata cf tha wood to tha 

distillation plant. 
D*    Charcoal manufacture 

Tha charcoal ia produoad in a oantral oarbonising plant 

looatad right at tha iron plant.    Tha aquipaant consist of two 

diffarant aystama of retorta which usa tha co«bust ion gasas produoad 

during tha distillation procaaa, basidas seas available blast furnaca 

gas.    Tha thermal efficiency of tha carbonising process and the 

yields charcoal to wood are high and air pollution by the pyroligneous 

vapors is avoided.    All operations are mechanised.    Charcoal quality 

is reported to be good.    Marie« fixed oarbon oontant ia aiaed at. 

The following serious, drawbacks smst be remembered. 

1.   leceaeity to transport four ton of wood for aaoh ton of prodmoad 
oharooal. 

ii.    High capital intensity of the équipaient, 

ili.    Uneufficient oharooal production for the blast furnace 
naada. 

Cost figurée ara not revealed and therefore in this reepect no 

ooaparison osa be made with conditions and methods in other oountriea, 

principally Brasil. 

e.   Blast furnaca Plant 

It consists of two snail wall deaigned and operated blaat 

furnaoea.    Specific oharooal ratea and fumaos product ivi t i aa are 

good and are being improved through advanced operational tachniquae. 

Of spaoial intaraat ia tha teohnique of injection of charcoal finas 

into tha furnacae through tha tuyeres. 

•asoBsnry prooaaaing of tha pig iron takes goad advantage of the 

inherent good qualities of charcoal blown iron for tha manufactura 

of quality foundry producta. 
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(e)   àMMKJMk (liUiafrapky rof «ranee«: 33, M, 35t 36, 37) 

(i)   Introanotioa 

8iBM 1944 Argontia« kaa « integrated oaareo»! taaed ir« and eteel 

woxfca Ulto« Hornos Sepia" owned ky tao OiiuMt. end oporatvd ky a 
&«p«rtBant of tao Defeaee Minietry.   Aia «ne tao firat integro*«* plant 

la Argentina follone* Uter ky ooke kaaod pianta. 
DM plant, aitoated 12 kit fm Ban Salyador «e Jsjay 1356 kno 

aorta of Buono« airee, produce« 275,000 t/jr of pi« imu   It «aee aa 

priaeipal faol oaarooel aa «eli «a aaa» anali anéente of petrel«** oak* 

and netalliirgioal ooka. 

(ii)   Caaroeel 

90 i of all UM oherooal «and ia preáaood fron «^kraoko" «ood ky 

MBvfaetarere ia tao Qnal CMC0 rattan aitante* aantk and 

«oataeaat fro« Zap!» and transporta« lang tiatonoM to tko plant. 

tm «H CUCO oorara aa ara« of 725,000 aq. ka of 

Argentina, Beliria, Paragany.   lalf af tao ragion ia eitaated ia 

and Boat ia omni ay -Qaakiarnji»" keak forcata,   •^aaaraoao" ia a ts 

of tao AJattABIACaaS faadly, ganiaa »JlUOfBIS.   It appi ara neatly ia 

tao fora of bu*.   It ia a aardnood ani yiald* oaaroeel of kigk kelk êaaaity 
.3\ _. W«A -A.ÌM1 iti-rtfc.   fa« tannic kank af taa (akoat 3J0 kg/a3) aad kigk 

«oed ia need in tanaiaf.   Äe oaaroeel ia promanai ia foraat pilo» 

ia kiln». 

laaiá« tae paianomi anpply 

LOB atartad to prednee aaan af ita ana 

fnroata plantad in fee «eake ara«.   4 foroatry 
êapartanat ia ia okarge af the activity «kiok ia kaiag a^aniai     Ita 

•in, keeide f oraatry and omaroanl pratnetian, ia to 

raaaarok ant a^orinaata, «kiek «afeada aaá typo« of 

•eitad for oarkaniaatian.     Two typo» af kila ara 
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a. Mostly sseàive briok kiln« slattar to thon developed 

in Bruii by Conpenhi« Siderurgica Belgo Min« ir».    The difference 

is that the Zapi« kilns uae ateel door« instead of brick door«. 

This arrangaaent facilitât«* ta« oparat ions of wood charging and 

charcoal unloadinf.    Tha ataal doora last aany years. 
Tiald _ ^ 
in Uir dxiad «eoelrotae wood] « 2.2 

volas»       L oharooalJ 
Fiasd carbon in oharooal - TO % 

b. sxperiasntal kilna with an indapandant outaida wood firad 

hearth callad Sehwart a kiln.    (Sao figura 21) 

nils type of kiln ia atill uaad,  though littla, by aaaia charcoal 

manufacturers in Sweden and in Sorway. 

The kiln, built of ordinar/ clay bricka,  ia rectangular shaped, 

has vertical aida walla and an archad roof.    Tha aida walla ara 

rainforead by faca standing U-baaaw and tha archad roof ia rastainad 

Tixm aoveasnt by ataal bars contacting tha U-baaaa.    Tha hearth,aada 

of refractory bricka, ia located under the kiln.    It consists of 

the wood fueled fire ohaaber with a oaat iron doer and below it 

an ash tray with oast iron grata bars and an air port.    There is 

a flue between hearth and central kiln floor opening.    The hot 

«MOS produced by the wood coabustion in the hearth penetrate into 

the kiln through the entrance "a" and leave it through the floor 

openings "b" located at the two kiln oxtreaitiea and fron these 

through tha flues "c" to the outside chimney.    Tha only air port is 

the hearth door and tha kiln ia therefore easy to operate.    The 

only care which anst be taken is to keep the fire in tha hearth 

constantly burning until teraination of the carbonisation procese. 

If the fire goes out, the cold air entering through the door would 

set fire to the whole charge and burn it. 

The two loading and unloading doors are aada of four an thiok ataal« 

The carbonisation process is best controlled by two pyroaetere 

located each at tha kiln ertreaitiea   20 on aas*« UM floor.    The 

carbonisation process reaches these points last;    this is indicated 
by a constant temperatura of 350°C. 

When pyroaeters are not available, the progress of the oarbonlaatioa 

process can be controlled by introducing steel bars through the 

openings "a":    The hearth fire is than extinguished, the hearth and 

ash tray doers hermetically olooad, and the kiln is left to cool. 
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It Mr happa» that tat distillation process at on* extra» ity of 

ta« kiln is «ore advanced than at the other.    Whan this happana 
tha oarbonisetion oan ha   oontpollad »t on» or   th* other 

point by ragttlatinf tha gates loeatad at "d-d".    Airing cooling 

tha aaaa pracautiona auat ba observed aa daacribad in tha operation, 

of tha Braiilian beehive kilna.   Cjola for carboni «atioo of air 

driad wood with 20¿ «oisture: 

Carbonisations        thraa dar« 

Cooling: few   day« 

Tr»iHnr »»«i unloadinc:        ana dar 

Total: aight dar« 

Wood consiaption for haarth fira:   four ta 

Tam mrrn mm*§ nil Stares a3 oharcoal 
Tíalda froa «aoalj«*» moa aaz. •Vtra¿4 

Bxcluding fuel wood for hearth fira 1.33 

Includine "            "          "          "1 1-50 

1.80 

1.90 

1.60 

1.70 

These latter yield« are similar to those obtained reeantly by Beige 

•ineira with its iaprored operation with «astral stack baeai-ra kilae. 
The Schwerts kiln ooats sapisjrisately twice the priw of a briok 

beoaiTa kiln of asas ospacity.     This oost could be sonewhat reduced 

b/ simplifying tha équipaient of the outside hearth and the two 

loading and unloading doors. 

(iii)c onclusione 

The Sehwarts kiln présents sono favourable points which ara: 

a»   Uea for hearth fira of low quality fuel wood, for instance 

ios, dry leaves, wood ohips tree bark, unsuitable for charcoal 

bv   Baay operation of the kiln • 

through one air port, 

e.   Good and unifora oharcoal quality. 

4«   Baay loading and unloading operations. 

control of the pros«: 
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However,  it misi be examined whether theee «Avantagea outweigh 

the doubl« coat of kiln compared with th« circular Brasilian bee- 

hiv« kiln of «iailar wood capacity and charcoal production. 

Tat Zapla company hu kindly offered to eupply the blue-print« of 

th« Sohwarts kiln on raquee t by th« interested persona. 

(ivi   Blaat furnace plant 
Th« plant hai fiv« blaat fumac«« of various aie«« from 

60 to 250 t/day capacity with haarth diamatara of 2.6 to 5.6 m. 

Blaat heating ia by three oowper atoves/furnsoes with blaat tesperature 

of 600-700°C. 
1.34 t charcoal (1972) ia naad/ton pif iron,    fhia high figur» it dna 

to «M low iron ootveaat of DM ora 4Pi - 48 i Fa.   Ih« total bordan 

la 2,100 kg/ton iron and slag volves ia 1,0%) kg/ton. 

Charcoal oharactariatica ara 7<# fixad carbon, 20-22' volatila« 

and bulk density 350 kg/«"3-    ••* •**^ eompoaition is Si - 0.35-0.45" 

(auiteble for Thomas eonvartar practica)    Ita - 0.45 - 0.55 
v r - 1.90 - 2.0*. 

A« previoualy etated small quantitiaa of petroleum cok« and metal- 

lurgical ooke ara aleo usad in the fumee««;    oil injection ia alao 

used in Boas furnaeea. 
TâlŒT, Talleree Metallurgieoa San Martin, an iron and steel products 

Manufacturing company located in Bueno« Airea,  ia building a charcoal 

based iron and steel plant at Puerto Vilelaa,  on the Paraná Fiver in 

the Chaco Province.    Initial capacity of pig iron will be 50,000 t/year 

and the plant will gradually be expanded during th« next ten year« to 

350,000 t/year and 90,000 t of sponge iron.    Production will con«ist 

of pig iron, heavy  iron caatinge and «teel billet« for rerolling. 

Charcoal will b« produced in the plant vicinity which haa large 

natural forest raserras and offere good conditiona for reforestation. 

Iron ore will be aaipped fro» atfass si-asAtsd near CorasM, Nato 
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(d)    PARAGUAY 

The Government of Paraguay has decided to start in the near 

future a charcoal baaed iron and steel plant with the assistance 

of Braailian capital,  know how,  engineering and equipment. 

The company called "Aceros del Paraguay SA" (ACEPAR) will be 

controlled by Siderurgia Paraguaia (SHJEPAR) representing the 

Government ownership of 60Í.    Brazilian partnership of 40)6 consists 

of several companies. 

The plant will be located at Villa Hayes on the river Paraguay a 

few kms north of Asunoión. The site was chosen to be near company 

headquarters and the principal market and, to permit water transport 

of all iron and manganese ores and 6o£ of tue charcoal«    Pig iron 

production is  scheduled to be 100,000 t/yr with specific charcoal 

consumption of 740 kgs/ton corresponding to about 3 n>3 of charcoal with 

70 % fixed carbon.    The burden will be screened ores, hematite and 

manganèse ore, from the Unicum mines, Corumbi, Nato 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 

•ade from natural forests in the vicinity of the plant. 

After this period the wood will be supplied from artificial forests 

probably eucalyptus, at a rate of 6o£ of the charcoal needs.    The 

other 40?. will be supplied from natural forests by private charcoal 

manufacturers.    Host of the charcoal will be transported by river 

barges.    Two blast furnaces will be used; each 3.5 » hearth diameter, 

148 m3 working volume.    Productivity will be l63t/day per furnace 

at 1.1 t/nr 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 scrap 

will be used in two BOT vessala of 12 t capacity producing 120,000 

t/yr of orada steal. 

Continuous cast billets will be uaad to make 100,000 t/yr of finished 

products in the form of reinforcing bars, wire rods,   rounds,  flats and 

angles. 
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2. POSSIBLE USES TOR CHARCOAL FIHES 

In the charcoal manufacturing process and in the numerous handlings 

to whic~ charooal is submitted from the kiln to the blast furaaoe between 

10 and 25# by volume of fines less than six am in size are produoed». 

These fines represent a heavy loss and therefore all the important iron 

and steel companies are oonoerned with this serious problem. 

The fines can be effectively used in the following ways: 

(a) In the sintering propese 

Charojal fines are an excellent fuel in the sintering of the Minas 

Gérais Hematite type fine iron ores called by "Jacutinga", with an average 

Pe-content of 65/69^. Inferior quality iron ores are also successfully 

sintered with charooal fines. The wet sinter mixture needs 7 to 8 #. 

oharooal fines by weight. 

When 100£ of sinter is used in the blast furnace burden, all the 

produced charcoal fines, roughly 20^, are consumed in the prooess azd a 

oomplete equilibrium will be achieved between produced and consumed oharooal 

fines, plus the advantages of good sinter burden for blast furaaoe productivity 

and economy of charcoal rate. 

Until recently all operating sinter plants using charcoal fines in 

Brazil were of the discontinuous Qreenawalt pan type. The first continuous 

Lurgi design sinter plant of 1,000,000 t/yr oapacity started suoeessful 

operation at the Monlevade plant of Belgo Mineira in February 1978. 

It oonsumes all the oharooal fines produced at Monlevade and allows 

a 90 - 100$ sinter burden at the blast furnaoes. 

(b) Pulverized charcoal burning 

Charooal gives good results as fuel for pulverized fuel burners. The 

resulting flame has a high luminosity. Ferro Brasileiro uses it for boiler 

heating. Recently some oement plants are using charcoal fines for the 

heating of rotary cement kilns. The charooal fines must be previously 

dried and screened to separate the majority of impurities and ashes. The 

oharooal is ground to approx. 100 mesh in a rotating ball mill. The powdered 

coal is blown through a special burner, alone or as an addition to another 

fuel, e.g. blast furnaoe gas. 

1 
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Daring the last War som« experiments were made in heating open hearth 

furnaces and rolling mill reheating furnaces with powdered charcoal fines, 

but the results were unsuccessful.    Reasons:    Ho previous drying and screening 

of the charcoal fines was done and, as a result, the content of impurities 

was too high.    In the case of the reheating furnaoes, the steel billets 

were covered in a short time with an insulating ash layer.    These 

difficulties could be overeóme  through the above mentioned meastures. 

(c)   Injection into the blast furnace through the tuyeres. 

This process has not yet been used in Brazil but Acesita is 

«YMriwiwg its possible applica, i on in a new 900 t/day blast furnace which 

will commence operation in 1978. 

The Australian charcoal blast furnaoes at Wundowie inject successfully 

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 Brazilian figures due to the 

Australian charcoal manufacturing prooeBs and the absence of transportation, 

as the charcoal is produced right in the steel plant). 

The charcoal fines must be dried, screened and ground to approx. 

200 mesh. 

This process has been used for years with mineral ooals. 

The replacement value of 1 kg oharooal fines per 1 kg of oharooal in 

the burden is close to 1.0. 

(d)   Briquitting 

(i)   Briquettes for domestic fuel 

The oharooal fines must be dried, screened and orushed in a hammermill 

to a oertain size.    The fines are hot mixed with a binder such as oorn 

starch;   pressed in a rotating press and dried at a temperature of approx. 

80°C, to remove the moisture and to give the briquettes the necessary 

strength.   The whole prooess is simple and oheap. 
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(ii) Briquettes for blast furnaoe use 

The charcoal fines must be dried, screened and ground to 

30JÈ -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 iE an excellent binder. 

Other carbonaceous materials may be added to the charcoal. 

Pressing must be done at very high pressures. 

The raw briquettes oast be carbonised at high temperatures: 

900 to 930 C, to obtain the necessary strength for blast furnaoe 

use and to eliminate most of the volatile products contained in 

the pitch. Raw briquettes cannot be used in the blast furnaoe. 

This kind of briquetting is a complex and expensive method of 

using charcoal fines because of the large amount of binder required 

and the heat treatment during which sort of the binder is lost. 

(iii) Other uees 

a. As an addition to mineral coal  in coking plants 

This method has been successfully used in Brasil by Usiminas in 

amounts up to 5 £ of the total coal miz; the resulting coke 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 

charooal is produced in kilns. 

b. For direct reduction of iron ore 

Numerous successful laboratory and pilot plant experiments 

made in Brasil and in Oermany by the rotary kiln method indicate 

that charooal fines, between three and. 12 ss» sise are an excellant reducing 
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agent for the reduction of the high grade Mina* Gerais Hematite 

iron ores with 65 to 69 f Fe, in similar sises to the charcoal fines. 

The advantages of charcoal in this prooess are: 

Its excellent reactivity due to its high content of volatile 

matters. 

Its low ash content and the absence of sulphur. 

Is 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 ore gangue. 

The process is fast, resulting in a much higher output than when 

operating with coke bréese or mineral coke fines. 

Charcoal 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 burden for the electric 

arc furnace. 

Up to the present moment no existing industrial installation for 

direct reduction of iron ores is using charcoal fines. 

o* Is an addition to the refractory material for blast 

fornace tap hole clay 

Charcoal fines can be used aa a major ingredient of taphole clay 

up to 33 %•    The remaining ingredients being quarts!to, sand and pitch 

as a binder« 
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3.   ALTEHBATIVE TECHNOLOGIES FOR IRCB MAKING USPTO CHABC01L 

APPLIED HI BRAZIL  (Biblic^anhT r«feT«noe 2*>) 

(a)      The low »haft charcoal electric reduction furnace based 

on the Tysland Hole Process (See also Section 4. (a) - Sweden) 

The electric low shaft furnace consumes less solid reductant 

than the blast furnace but,  because of its high electric energy 

consumption which is 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 5O|0O0 KW power 

plant. 

A favourable aspect of the low shaft electric furnace is its 

flexibility with regard to the use of solid reductants, as all types 

of mineral coals, coke bréese 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 sporadic or constant charcoal deficiencies and 

want to lower their charcoal rate and thus become less affected by 

the fluctuations of supply. 

Brasil has further 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 became very reliable. 

The advantage of charcoal OVT coke in the low shaft electric 

furnace is characterised by the fact that the electric resistano« of 

charcoal increases with the temperature whilst the resistance of coke 

decreases with temperature.    This increase of electric resistance 

causas a local rise in furnace temperature which has a favourable 

effect on charcoal rat« and energy consumption and inoreaaes furnace 

productivity about 3G& compared with coke. 

The quality of the refractory lining must be of a v«ry high grade 

in order to resist the high local temperature«.    Special refract ori«« 
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have been developed by ta« Brasilias refractory manufacturers with 

excellent results.    The low shaft top gas eontains «ort than 80* 

of CO+Hg which >ikM it very suitable for th. direct reduction of 

hematite iron or««.    Research it being don« to combine the low ehaft 

furate« with a direct reduction procese which would produce sponge 

iron.    It ii expected that for each ton of hot metal, 0.7 tons cf 

additional éponge iron could be produced out it is too early to make 

an evaluation of this possibility and its economies. 

Data on existing furnaces in Brasil are as follows: 

Three existing furnaces, two at Mannesmann and one at Aces ita all 

designed by Demag. 

1977 Pig ir<» production:   200,000 t« 
Transformer capacity of each furnace: 17,100 KVA (3x5700) 

Daily production of the furnaces:  150-220 t each 

Power consumption:  1.850 - 2.00 kHh/t iron 

Cooling water consumption:   37-42 cubic m/t 

Charcoal consumption«   450-550 kg/t iron 
osare       "—i'*"«" (300-350 kg fixedC ) 
Charcoal sise 12-25 ss 
Sia* volume C*Átfc ¿•rflffrtWrt ÄW •$& 400-450 kg/1 (Mostly recirculated 

frOB *ne BOP and •1*ot$a*MOM ) 

High grade Hematite ore rat 1.3* - L400 kg/* iron 

Top gas Calorific value:   2,600 Koal/fc cubic - 

H     "   Quantity:  500 -  600 I cubic m/1 iron 

Ilectrode consumption:  3-5 kg/t pig iron 

A fourth Brasilien low shaft electric reduction furnace to produce 

75,000 t/yr with an electric power of 33,000 KVA is being built 

by the Barbará Company,  in the State of Rio de Janeiro.    This 

ooapany produces csntrifugally spun oast iron pip«, 

(b)   Botary kiln reduction furnace 

Upto the présent, in Brasil, charcoal has not been used in 

direct reduction rotary kilns despite successful laboratory and pilot 

scale experiments reported in Section 4*2 «possible usos fer 

fines". 
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Pro» a ragionai point of viaw thia procaaa would ba wall suitad 

for cartai» araaa of tha Stata of Nina* Oaraia whara larga aaounta 

of oharcoal fina» ara availabla aa wall aa auitabla high frada haaatita 

iron oraa and pallata.    Por aoonomic production of aponga iron oras and 

pallata auit bava apacial cbaaical and physical propart iaa to raduoa 

to a minim» tha alag voluaa in tha aubiaquant alactric arc aalting 

furnaoa.    Chaaically tha ratio SÌO2 + Al2°3      Bhould *• 1*B* "tnar 5^ 

and tha phoaphorus contant below O.03JC. 

Thua, raw matariala for diract raduction hava an appreciably 

hiffaar prica than tha corraaponding iron oraa for blaat furnaoa uaa. 

This factor aust alao ba reaaabarad whan ooaparing tha blart furnaoa 

with tha diract raduction routa.    Proa tha point of riaw of praaant 

ooat comparison tha charcoal blast furnaoa is «till tha aora aconeaical 

prooaaa. 



- 222 - 

4. THE BABAÇU VUT AS A REBÄABLI SOURCE OP REDUCTAHT AND RIEL 
(Bibliography référenças 22,  23) 

Vast areas of the Borth and North East region« of Brazil, 

represented principally by the States of Marenhâo,  Piaul    and Goiaa, 

are covered with extensive forests of Babaçu palmtrees which produce 

an oil-yielding fruit, 5 to 7 om in diameter and 8 to 13 cm length. 

The total area covered by these forests is calculated at 170,000 sq.  km 

or 17 Billion hectares, with an average tree density of 250 per ha. 

Th« yield of cocoanuts varies from 0.3 to 9 t per ha/year and,   for 

exeas of medium tree density,   is 2.7 t/ha/year. 

Upto the present tine the "babaçu cocoanut is exclusively used as 

food and for its vegetable oil content which represents 6 or 7"* of 

its total weight.    The babuçu palmi eaves 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 carbonised to yield a charcoal 

which has excellent chemical properties considered superior to the 

charcoal made from eucalyptus wood. 

Unfortunately the particle sises of the resulting charcoal are 

too small for direct use in the blast furnace.    They must be 

agglomerated.   Carbonisation of the entire Babaçu cocoanut gives 

a strong lump charcoal but this process is uneconomical because the 

high nutritious value of the fruit contained in the shell is 

lost in such carbonisation. 

The total potential of these vast regions is estimated at 40 

million tons of cocoanuts par year, corresponding to 10 million tons of 

charcoal.    Approximately one fourth of this quantity,  or 2.5 million 

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 fron thane« to the consumara, aleo by boat. 

Da« to the high energy potential of the Babaçu cocoanut and ita 

availability,  it ia considered by »any expert« and by the Brasilia» 

Government as a partial and renewable carbon aource for large cok« 

based national iron and ateel planta.     In consequence, the Secretariat 

of Industrial Technology charged Siderbras,  the Brazilian Holding 

Company for the State owned Steel Companies to undertake "Babaçu" 

research and development programmi.    After intensive studi«• and pilot 

plant work in Brasil and abroad, the following preliminary conclusions 

have been drawn: (1977) 
(a) The potentiality of the Babaçu pala forests as a supplier 

of large and regular quantities of oocoanuts is a reality and the 

yield of oocoanuts in t/ha/yeax in the areas of aediua tre« density 

is sufficient to permit an economical industrialisation . 

(b) The oarboniaatioc of the cocoanut shell, after extraction of 

its vegetable oil, yielda a charcoal of excellent 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 oras« 

(d) The use of Babaçu charcoal may be considered in the following 

iron and steel industry applications: 
(i)       As sinter-fuel in combination with,  or as a substitute for, 

coke bréese.    These two possibilities have proven successful in 

industrial tests made at the s interplant e of "Siderurgica Bacional" and 

Usiainaa. 
(ii)     As sn ingredient of the coking mixture, probably up to 

2G|., with mineral coala.    Pilot tests have proven the viability of 

this process. 
(iiO   AS a mixture with mineral coala for the manufacturing of 

formed coke to be used in foundry cupolas, low shaft electric reduction 

furnaoee and, under certain quality conditions,  in the blast fumaos. 
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(IT)   as brioawttss Ma« fron 106 i »abaca cnaroaal firn« for 
una in foundry oupolaa.    Briquetting tests her« been nade at Usiainaa 

with a rotary proso end the briqeettae boo« Won looted with eaoœoo in 

« oupola.    Tao cmtMt diaadrantag« of briquetting is that they 

•aat he again earbonised at hi«* teaperature to d«v«lop tho necessary 

strength for us« in cupolas and blast furnace«. 
(T) AS a roductant of iron ora in rotary kiln dlroet reauotion 

prouooooo.    (SL-kV, Iropp and othars). 
It is «pactad that, as a rasult of tha futur« possible larga 

usa of Babaçu charcoal by th« ook« basad iron and otaal industry, 

tha ooontry will fradually raduc« ita dspsndanoa on inportad coking 

coal.    Tas naoassary imrastnant«, of tha ordar of US$ 300 aillions, 

will ba largaly coaponsatad by th« savings in foreign currancy for 

imported coking coal.    Th« installation in tha Stat« of Naranhâo   of 

an* industrial oonplax basad on the uaa of babaçu oocoanut is baing 

atudied.    Charcoal production will b« 240,000 t/y«ar. 

Proa a socio-aconoaic point of view th« larg« aoal« iaoMStriali nation 

of tha Babaçu oocoanut is »portant to tha rural populations of th« 

affaotad araas as th« «anual collection of larg« quantities of 

oocoanut« and thsir traneportation will offar a ragular fanily income 

for sons hundred thousand parsons,  including n«n, wonan, childrsn. 

These people «Iroady «oka a living fron tao «abasa ooooaaart 

but, as tha quantitias ar« snail, thair incoa« ia very aodaat.    It is 

expected that too quantities oollootoà, por ospita, in tha 

will inorasse tenfold. 
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fJPTT« OF WPP «A-rni. »t*Tt.T« CMKOai. mi 

fflBL-ELii 

(•>)     Congsnhia Sidarurgies lila» fi ne ira (CSW) 

(i)     Introduction 
CSM MM the first integrated iron and steel conpany in South 

A»«rica and to-day is tht largest charcoal based stasi oonpany in tas 

world. 
It was founded in 1921 as a partnership of a Brasilera oonpany 

"Conpanhia Siderurgica Minai**" and the Luxaaburg conpany AWED, 

To-day ARBZD has 30". of tht aharaholdinf and tht raaaindar is ownsd 

by 45,000 Brasilia« citissns. 
Iran asking activity startad with blast furnaoss at Sanará 

near Balo abrisonteisteelneking and rolline plant wart latar addad. 

activities wart axpandad in 1937 by tha construction of tha now 

•smlswnáa    intafratad iron and staal plant with an original capacity 

of 100,000/yr of ingot staal.    This was ans third of tha total 

Brasilia» aarkst at that tins. 

Tha taohnioal and aoononic sucosas of tha ansavi plant provided 

tha aKparianoa and confidano« naoossar/ for tha »onlevaae ax pana i on and 

the Sabara plant bacana ths practical trainine school for a wnols 

fsnaration of Brasil isn netallurgical engineers and aenagsrs. 

Tht aort favourable conditions at nonlaraaa lad to tha continuons 

«panaion of that plant and ainot 1969 tha Sabara plant has basn linitad 

to iromaking and fsnaral naintsnancs activity for tht wholt CSM group, 

(il)   Frasant Sabara Plant (Usina as Sabara) 

This consists of two I50 t/day blast furnaces with blast haatinf 

Production is 120,000 t/yr of which 13,000 t art ussd for hsavy iron 

castings in their own foundry.    This is being expanded to 40,000 t/yr. 

The renainder of production is oast as pig iron for steelnaking. Iron 

ore cones fron ths plants» own nine in tae vicinity. 
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an int «ratine feature is that 10,000 m*/month of charcoal, l/3 of 

total requiresente,  is transported to the plant by rail a diatene« of 

700 taM in plastic bags of three «3 capacity.    Äese •*• loaded and 

unloaded by travelling oren«.    Ta« safe art re-used for nor« than 

60 tripe.   It is proposed to double the oapeeity of tàis aethod of 

wr-«n 4«p and treneportation. 
Flange»t 
22» Blast Furnace Plant 1 - Layout. 

23- Section through blast furnace 1 

24- Section through blast furnace II 

2> Section and plan Couper stove I - II 

26- Section and plan   Covper store 

2T- Casting beds. 
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COMPANNA SIDERÙRGICA BELGO MWEIRA 
USINA OC SABARA 

•LAST FURNACE I 180 T/ DAY 

Tifar* 23 
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COMPANHIA SIDERURGICA BELGO MINORA 
USINA DE SABARA 
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COMPANHIA SIDERÚRGICA BELGO MINORA 
USINA DE SABARA 

Figur« 25 

cowPCR STO* i n 
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COMPANHIA SIDERÚRGICA BELGO MINEIRA 
USINA DE SABARA 

Figur« 26 
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COWPER STOVE 
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(iii)The Monlevade Plant (Diina de Joio Monlevade) 

The Monlevade plant is situated 130 kns fron 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 rail connection« were Bade available. 

The plant has four blast furnaces and a fifth has been designed and 

ordered.    Present pig iron output is 600,000 t/year and crude steel 

800,000 t. 

a»   Charcoal supply. 

Prom 1937 to 1952, when the pig iron production reached 100,000 t/year, 

the quantities of charcoal produced fron natural forests in the plant 

vicinity, were sufficient for the plant's needs. 

As the former forests were gradually transformed into pasture and 

agricultural land,  and the natural regrowth of the forests took 

approximately 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.    Luring the rainy season,  lasting from October to 

April, the earth roads and the two narrow gauge railways were frequently 

interrupted,  causing sporadic difficulties    in the charcoal supply, and 

so limiting blast furnace production.    The charcoal quality also 

suffered during long rainy periods.    Moisture contents reached 30 and 

sometimes 40Í. 

To meet the ever increasing demand of charcoal and to relieve the 

transport and storage deficiencies, the following successful measures 

were taken: 

i.   To develop eucalyptus reforestation in the Monlevade,  Rio Doce 

and other regions, and so gradually make the company independent of 

natural forests. 
Ü.   To build an aerial cableway to transport to Monlevade the 

charcoal produced in the main manufacturing areas then situated, in 

the Rio Dooe Valley. 
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ili. To build a large oharooal depot in the vicinity of the plant 

to atora tba oharooal necessary for a long period, principally durine 

the rainy aaaaon. 

ìT.     To install in ta« oharooal ssnufacturing cantora a ••ria« 

of intaraadiata storing dapota to protaet tha ehaaooal agnine* th« 

rain durine prolongad parioda.  Charcoal ssnufacture, raforaating and 

administration of tha oonpsny's land is dona by s subsidiary, Coapanhia 

Agricola a Florestal Santa. Barbava (CAP). 

Tabla mg   Praaact sad fatare oharooal ectiTiti.es of CAP 

Tsar äS&al 
lassa 
O»3) 

cfiKsii 
produced by CAP 

(V) 

reforested 

S5 
forest at i on 

(a») 

1977 

1983 

1,800,000 

2,100,000 

720,000 

1,400,000 
130,000 

190,000 

12,000 

12,000 

1 

Tha ooapany «aploya 8,300 paopla in raforaating and oharooal 
•nnufaetura. 

It is produced in thousands of basalts kilns.   Tislds ower the yssrs 

have iaproved through bsttar operation and dasign,  fron 2.2 to 1.6 

•tarai of wood par «r oharooal.    Tha ooapany maintains s pilot plant 

for taat and development work.    Charcoal arrivai at Monlsvade by 

aerial ropa way, rail and trucks , at a peak aonthly rate of 200,000 BJ
3 

(1,600,000 nVyr) and is received and •tored in a 240,000 *3 capacity 
concret« atorage depot. 

This depot ia shown in figure«   29,30 and 31. 

It i« divided into equal 20 sections each of 25 a length thai peimitting 

separat« storage sf different oharooal queliti«« snd refluoInj losses in 

osss of firs.   Tns whole arsa of the depot osn be rssnhafl by «is 
distributors and bait eonvsyors which 

eaoh spanning half the storage 
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Charooal ia discharged by two travelling «tractor machines, 

located in tunnels under the whole length of the depot.    The whole 

system of unloading,  storing, discharging and transfer to the blast 

furnaces is very flexible and allows a great variety of simultaneous 

operations, like discharging of the depot and unloading of railway 

oars, trucks,  »erial cableway. 
A vary complete fire extinguishing system by means of sprinklers 

and waterhoses has been installed to rapidly coabat  the 

occasional, but rare,  fires.    Still the best method consists in 

emptying ismsdiately the cell which has caught fire through the 

conveyor system. 

Before storage all inooning charcoal is measured by voluse 

and the weights are also checked. 

50£ arrives as luap charcoal in trucks 

2% arrives in rail wagons 

105» arrives by  mariai cableway. 

All discharging is •eohaniaed. 

Charcoal oan be delivered fron arrival point directly to blast 

furnace bins or to the storage depot. Before delivery to the 

furnace bins it is screened on double deok vibrating screens 

and separated into three sises. 
Coarse -        greater than 30 sa 

Fine - between 10 and 30 as 

and       Brease - less than 10 mm. 

Table XL      Charos«! camroct« •isti« Í1974). CSW- 

As received at depot Coarse Fine Brosse 

Moisture % 9.8 12.9 U.7 
Bulk weight kg/cubic • 
Average sise (ma) 

255.8 272.0 346.5 
37.02 15.67 3.68 

Chesioal analysis % 
Ash 3.2 5.0 11.9 
Volatile matter 26.1 26.4 27.2 
Fixed carbon as received 70.3 66.6 60.5 
Bulk weight dry 230.6 237.2 296.2 
Chesioal analysis of ash 
8i02 13.33 16.14 41.19 
Fe203 4.04 4.43 4.87 
MnO 0.76 0.74 0.51 
11203 3.15 4.66 6.37 
CaO 30.66 33.88 21.45 
NgO 
KO5 

6.31 5.73 1.63 
3.27 2.58 1.63 
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Tb« cearae and fin« aiaee are taken by «aparata conveyors to 

12 conorat« blast furnao« bina having a total of 12,500 «r capacity 

which ia two days blast furnao« requireaenti. 

Ta« braaaa - 10 aa ia raacraanad at 4 aa and th« - 10 aa + 4 na 

ia uaad aa fual for «int«ring.    Th« - 4 aa charcoal i« diacardad 

aa it contain« too aany iaporitiee. 

Bafor« charging into th« blaat furnao« bucket, th« coal ia raaer«an«d 

at 6 aa opening and th« resulting br««!(« ia also uaad aa aintarfa«l. 

Most oharooal fina« ara produced at th« aanufaoturing o ant ara and 

daring th« charcoal tranaport but BOB« finas ara produced as a result 

of the »»am 1»«g at the storing depot, total ia 18 - 20'..    At praaent 

(1978) all the flnae an absorbed in the as« sintering plant. 

b.   Iron Ora. 

A eubaidiary ooapany operate« th« Andrad« sine which ia 

aitueted about 10 loss froa the plant and connected by the coapany'« 
electrified one a «auge railway,   lining ia by open pit and all 

operation« ar« aaohaai aad. 

The aine has a proven ree err«    of 100,000t000 t of which 80,000,000 

are high grade aaaatite of 66 - 68jt P« which ia ua«d in the plant. 

A 300 t/hr ore eruahing and aoreening plant at th« a in« providea 

aised   ore 19-31 an for the blaat furnace 

6-19 an as hearth layer for a inter plant and blaat furnao« 

0-6 an for eint ering. 

o.   linter. 

To uà« the fine ore - 6 an a pan typs aiutar Bachine was 

inatalled in 1945. Thi« had two pans each 14 a2giving a daily ainter 

production of 760 tons or 250,000 t/yr.    The fan auction 

1,100 an     w.g. 

Typical «at ainter nix wast    Ore (0-6 an) 50 - 60 * 
Una and Linsstone 2-3* 
Orsnalated IP alag 2 % 
Hill aoale 1.0 - 1.5-5 
Fina nenganeee ora 

(30 - 35 % *0 1.0 - 1.5 % 
•atora fine ainter 

(0-6 an) 30 - 40 i 
Oaasaaal finas 

(0-6 aa) 7.0 - 8.0 i 

avistare 8 - 10 i 
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Ore, sisad 6 to 19 • il «sed *« protect the pan grate bars, à 

goeteite   o^» -6 s»,  fro« the coapanr's Alagria •*»• *«• B*f"1 

recently added to ti» sinter six.    This U a hydrous iron oxide 

with 62?. F» sad lo£ combined water;    it hu a large grain IìM 

which gives greater permeability to the »inter mix to that sinter 

output has    risen fro« 250tOOO t to 320,000 t/yr permitting a high 

percentage of tintar in the blast furnace burdan and giving an 

increase in iron output and savings in charcoal. 

A saw, oontinuoua «rata, Iwrfi sinter plant has been eoasjiaeioned 

early in 1978.    This has a total grate surface of 120 «r and will 

produca 1,000,000 t/yr.  This permits the blast furnace burden 

to be 1005Í sinter and all the arising charcoal fines srs being usaa. 

4. Blast Furnaces 

Furnace» I,  II and III are of the self-supporting type,  a 

variation of the European design.    In furnace IV the stack is 

indspsndently supported from the hearth and bo»h.    All have »teel 

shells with external spray cooling. 
The furnace» are charged by vertical 7 m3 bucket hoist»,  Staehler 

design, total charging cycle  four minutes.    They have single bell top» and 

a fixed burden distribution device of »imple design. 

Oxygen enrichment of the blast and fuel oil inject inn through the 

tuyere» i» operated on all four furnace». Table    XU 

Furnace Characteristic» Blast Furnace» Blast Furnace 
I - II - III IV 

Production (t/24 h) 400 - 450 200 - 220 

Hearth diameter - m 4,654 3,900 

Working volume cubic m 214 164 

Humber of tuyere» 12 8 

Sumber of cowper »tova» 3 2 

Heating surface sq.m. 4,034 4,677 

Volume of blast cubic m/h 22,000 11*000 

Pressure of blast kg/sq.am 0.65 0,40 

Temperature of blast - C 830 - 850 700 - 75O 

Oxygen o autant of blast % 23 - 25 23 - 25 
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KU« XXJX       ] 
Blast Fumaos 

lo. 

Sisad Or« 

19-31 •» 

saturai 
Pallata 
6-19 •» 

Sintar 

6 - 100 an 

Producti- 

i-n-iii 3a; 25* 45* 1.77-1.96 
*   23)3 

i? low: - - 1.22-1.34 
• )    Productivity 

Blaat Furnacaa I-II-III 1.77 - 1.96 without rascrssniiig t/a3/*« 
2.03 with " 

Charcoal ratss/t iron and 
oll rata /t iros Pixad Carbon -«x/t/iroj 

Blaat Fumaos Charcoal 
Cubic M 

Oil Charcoal Oil Total 

i - n - in **    2.592 
2.46 

44 425 37 462 

IV ••   2.55 
2.50 

40 432 32 464 

XfXX,XXI,XV 2.581 43 427 36 463 

**)   Avarags 1974 

Slaf volua» 100 - 140 kg/t hot aatal 

Pina dnat 25 kg/t hot aatal. 

Pig iron analyaia: 

Pa - 94-93*;    C • 4.0 - 4.3*;    Si - 0.2 - 0.6)1;    Ito - 0.3 - 0.6? 

P . 0.2D7t aax.; S - 0.012* without oil and 0.025ft with oil. 

Oaa elssniag in priaary duat cat char, followad by stationary watar 

apra/ towar, Thaiaaan diaintagrator and da-huaidifiar. 

All tha pi« iron goaa aa hot aatal to tha   LD staalaating Blast. 

a. Sflaakin« plant 

Monlsrada haa two ataal plantat 

*•    Four oil firad Siaaana hart in funacaa of 42 t capacity aach, 

using oold pig iron and uprising scrap.    Tha ooapany ia atudying 

tha raplaoaaant of tha opon haarth famaoaa by alootric 
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L 

1977 production 230,000 t 

The furnaces hare basic («agneait«) roofs sad regenerative checker 

work   chambers for preheating the combustion air. 

ii. Two LD basic oxygen top blown vessels of 42 t «ach, 

1977 production   521,000 t 

da Sabara plant supplias additional 60,000 t of stati. 

All stasi is poured into 3.5 t Sq aoulds - botto« filiad - 

rolline «ills. 

Ingot soaking pit fumacas. 

Ten  gas fired furnaces. Several «ore to be installed 

to increase heating oapacity to  one Billion tons/year. 

Roughing «ills. 

Two two-high revarsing «ills,  1000 sa and 750 am diameter. 

Bloca sise:    120 x 120 sa. 

Billet «ill. 

Ona continuous 3 stand «ill for the rolling of 80 x 80 sa 

billets for the Horgan rod «ill. 

Semi-continuous wire rod and bar «ill. 

Sisas:   Bars and ooils  6.5sa to 16 sa disaster. 

Capacity:    150,000 t/year.    Production 1977:   130,000 t 

Continuous wire Morgan rod «ill. 

Sod sissa:   5.5  sa to 12.5sa disaster. 

Capacity:    600,000 t/year 

Production 1977:    550,000 t. 

The company• s wire drawing plant at Cidade Industrial, 

the industrial city in the vicinity of Belo Horisonte, produoes 

500,000 t/year of low, «adiva and high carbon wire products fro« 

wire rod produced at the Wonlersae   Morgan Mill. 

f• Coapany iaenitiee 

The employees of the Monlsvaae plant live in the town of the asas 

name and in the aurrounding amali commuait ios.    The population 

of Monlevads is 40,000 people.    The town has been totally built 

by the company.    It has s arerai thouesnd houses, a hospital, church, 



- 2«0- 

pttblio Building«, botala, raorantional faciliti«.    Bino« i960 «oat 

of tfca koHN h»T« naan «old to tha aaplojaaa. 

Conaaroial «ai finaneial aapacta of tà« oonpany. 

Salas in 1976: 
Tona 

Colt dram wir«  468,025 

Vir« rod  U1.595 

Ban      60,393 
Cant iron producta       3,487 

Total  673,5«)     USt 270 aillion 

Salaa valua par ti  USI 400/t 

Profita aitar taxaa US$   65 «illi 

In I976 a total of USI 70 aillione ha»a baan raimraatad in own 

and «ubaidiarj plant «quipaant and in foraatiy aetivitiaa. 

26 . danai«! layout of blaat fumaoa a and rtaal anopa 

29 - Charooal atorinf placa 

30 • 31 - Charooal atorinf and ragulatinf dapot (2 fifurae) 

32 - Charooal aoraaninc 

33 - Charooal aoraan houaa 

34 - Sehanatic arranfanant of blaat fumaoa oharginf 

35 - Blaat fumaoa 1 

36+37 - Blaat fumaoa (2 fifuraa). 
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COMPANHA SDERÚRGICA BELGO MMBRA MONLEVADE PLANT. 

Pifar« 29 
CHARCOAL  STORINO  PLACE. 

CAPACITY-  940.000MS. 

njm 

t. TRUCK TAPINO AND RAO UNLOAOINO STATION. 
t. OVERHEAD CABLEWAY  ARRIVAL AND LSAVINO STATION. 

3. MAM   DtSTRSMJTION BELT CONVEYOR. 
4. UNLOAD«» BELT  CONVCVOR. 
t. TRAVSUJNO   CRANES  FOR   CHARCOAL  DISTRIBUTION. 

5. CHARCOAL TRIPPERS. 
7. CHARCOAL STORAGE PLACE: TIN RESERVOIRS ON EACH «OS. 
S. MAIN CHARCOAL BELT CONVEYOR. TO CASLEWAY II. 
S. BELT CONVEYOR CMOSBRIO PMACICARA RIVER. 

10. RAS.WAY  UNLOAOINO STATION AND 
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COMPANHIA SIDERÚRGICA BELGO MINEIRA - MONLEVAOE PLANT. 

CHARCOAL SCREEN HOUSE. CUT A:B. 
Figure 33 

1. CHARCOAL CABLEWAY II COMINO FROM STORINO PLACE. 
2. CHARCOAL BIN. 

^ 3. CONVEYOR. 
4. KRUPP DOUBLE DECK SCREENS. 
5. CHARCOAL PINES, <8 MM, CONVEYOR. 
6. CHARCOAL, 8 TO IS MM, CONVEYOR TO BLAST FURNACE 
7. CHARCOAU 16 TO 50 MM, CONVEYOR TO BLAST FURNACE 
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COMPANHIA SIDERURGICA BEL60 MINEIRA-MONLEVADE PLANT 
SCHEMATIC ARRANOCMCNT OF BLAST FURNACE CHARGING 

Figure 34 

t. BttMt FUTMM. 
2. Charcoal Bins lor «ne Charcoal : 10-16 mm. 

par Furnace: 728 m» 
3. Charcoal Bint for eoaraa Charcoal : 16-SO mm. 

Volume par Furnaea : 24S0 m» 
4. Chareoai Salt Conveyor» 
5. M M M 
S. M              Id M 
7. Charcoal By Fata Conveyor*. 
8» Charcoal Scram 
S. Rotura Convtyor for Charcoal Finos to Sintering Fiant 
10. M Id      Id       M Id    M       M M 
It. Iron Ora and Sinter Bina 
12. Bin diaeherging Device» 

M 
M 

-4 V 1—dfcr= i¿±±3 
£ £ 3E r 
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SBERURQCA BEL80 MNERA 
PLANT JOAOI 

Tigor% 36 
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(b)    Coapanhia Aooa Especiáis Itabira (ACEITA) 

(i)      introduction 

The company was established in 1944 in order to supply the 

frowing needs of the oount ry in special at eels by means of an 

integrated at aal plant baa ad OB charcoal.    The plant location was 

chosen at th« right hank of tha Piracicaba River, 16 kB fro« its margar 

with the üo Doce.   The location (on tha Vitoria Minas railway) haa 

eleotric potential on the Piracioaba rivmr, and lar*» foraat reserves 

in the plant vicinity for charcoal manufacture and a large fl»t 

area for the plant development.    There were initial difficulties due to 

the problems of building a steel plant in a totally underdeveloped 

region.    Those difficultiea were overeo«« and at present the company 

has a favourable position as one of the major Brasilien supplier! 

of special ateela. 
The company operations have   contiraoualy expanded since the first 

operation of the   blast furnace (200t/dny) in 1949 snd the steel 

production in 1976 was 293.000 t.    A new 900 t/day blast furnaoe 

is coming into production in 1978. 

(ii) 
Since 1974 a wholly owned subsidiary company FLOHBTAL ACBITA, 

is in charge of the charcoal supply to the steel works and of the 

forestry activities.    The company's aim is to beooae self-sufficient, 

in a few years, in charcoal manufacture.    25 million eucalyptus trees 

per year are planted, on an area of 15t 000 ha. 

All the charcoal is produced in   beehive brick kilns.   Charcoal 

physical and chemical characteristics ara similar to those of 

•algo Unmix«.. 

Charcoal arrives at the plant by rail and road truck.    Charcoal 

is TBI ~tAm* at the plant in a oovered depot with four individual 

cells for the purpose of storing and blending différant moisture 

o out ente. 
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Tha praaant atone* capacity of 751000 •    la baine incraaaad 

by 80,000 m   in a naw dapot on tha plant pariakarr. 
Charcoal la diachargad through gataa locatad at tha botto» of tha 

dapot on two bait convayora travailing banaath tha dapot and 

dalivaring tha charcoal to tha blaat furnaca bina. 

Charcoal la aoraanad into 3 aiaaa: 

Coaraa oharcoal      +19 •• for blaat furnaca 

Fina 
oharcoal -19 aa   +12.5 a« for tha low abaft raduotion furnao#a. 

Braaaai -12.5 •• for aintar plant 

(iii)   Iron Or» 

In 1974 * auhaidiary coapany ITAVA1Z haa baan foundad in 

äqual ahaxaa with CU.    VAU SO RIO SOCI for tha opa rat i on of a 

part of tha company ownad ainaa in Itabin with raaarvaa of 340 

•illion tona. 

Iba ora ia a compact haaatita. 

Fa 67-69/- 

BiO 0,5-1.^ 

AI2O3     0,6-0,8i 

P <      0,10$ 

It ia tranaportad to tha plant, 90 tara, by rail in 50 ton 

wagona with botto« diacharging. 

Tha ora ia aoraanad at tha plant into thraa aiaaa 

+ 30 aw for blaat furnaca 

- 30 aa + 10 aa for blaat furnaca and low abaft 
raduction furnaoaa 

- 10 aa   for tha aintar plant. 

A powdary haaatita iron ora (eiailar in coapoeition to tha coapact 

haaatita) ia ainad at tha company ownad Baratinha aina and tranaportad 

22 kaa to tha plant by truck« and rail.    It ia all   -10 aa and uaad 

axcluaivaly on tha aintar plant. 
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(!•)    1  

Thia is a pan typ« aiutar plant «ita osa pas of 14 a2 araa 

and a y«arty production of l80t000 t.    Salf flux ine listar is 

with ||£   ratio 1.2 - 1.30.    Charcoal fiaas    -6 am art uaad as 

fual.    ft« sintar is scraansd at 8 as and tht  -8 a« usad in ta« 

six as rature finaa. 

<•)     »1-* 
Production t/24/hr 

Hasrth diaaatar   a 

Working vol««« a3 

luabar of tuywraa 

luabar of stovaa 

Hasting surfso«   a2 

Volusia of blast     w¿/br 

Fraaaura of blast   kg/ca 

Tanparatur« of blast 

460 

4.70 

293 

12 

3 
4*400 

25,500 

1.07 

800°C 

Productivity 1.57t/dsjr/ 
a3 Working Volava 

(Ti) 
600 kg/t iron 

860 kg/t 

Quarts 65 kg/t 

2.85 «3/t 

150 kg/t 

Haaatita ora 

Sintar 

Dolosità 42 kg/t 

Charcoal rata 

Slag volaaa 

Hot natal   analysis 

F« 94r9*Cm 4-4.5¿!    3i - 0.3-0.5*? 

A - 0.020JÍ a*x. 

Blast fuwaca gaa production.    46,000 IbP/hr at 900-1000 Koal^ta3 . 

OflBsnaiptioii 14,000 IsP/hr for atora haating, raaaindar uaad for 

aoaking pita, rolling «ill rahaating fumaoaa and boilara.    Oas claaning 

dust oollactora followad by spray towar, Thais«an disintagrator and 

dafcuaddifiar.   Oasonatar - with praaaura r«gul»tad at 300aa w.g. 

Ito - 0.4-0.6Í;    F -0.05-0.2a'{ 

ri 
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(rii)   Bl.otrio Low Shaft lednctic 

Type Tysland - hol«. 

Production 160 t/day 

Conio«! »hap«d h«arth dianster Botton   7.90 n 

Top 9*40 n 

Height 4.20 n 

H«otrod« dian«t«r   1,250 n 

Power eonsuaption 2,100 kMh/t Traneforner oapaoity 17,500 m 

Pix«d oarbon rat« 300 kg/t (eharooal u««d) 

ELootric redaction fiirnao« for F«8i production 

Power oapaoity 4,000 m thr«« phae«. 

CTíü)   BtaelnnklM plfpt 

Ihr«« «lectric uo furaaoee of 8* 26 «nd 30 t cenacitr»   fatal 

production 115,000 t/yr.   3.5 - 4*5 »onre tap ta tap tin«. 
Ojqrgen ooneuuption - 15 ln^/t ingot «t««l 

Pow«r oonaunption 600 kMh/t ingot «t««l. 

1 LD oxygen top blown     30 t veeeel 

Production 135,000 t/yr - tap to tap ti*« 50 niantes 

Oxygen oonaunption 50 ntyt ingot «t««l. 

1 BeM«a«r bot ton air blown 70 t v«e««l. 

Operata« only when LD veeaal la re-lined 

All «teel poured into 2.6 t aquare ingot nenien - betten filled. 

Soaking pita 
a«    neetrio heated, individual oell faiunm« flea* tinea 10 ealla. 

Ingot oapacitji 80. 

^    tea fired aoaking pita. 

Ingot oapacityt   48 

Bfimhing nlll« 

a. One, two high, one «tend, reveraing nlll. 

b. On«, two high, 3 «tanda, rerening nlll for the rolling of aheet 

bare, billete and 
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Braak down «ill with ona atand, 3-bifb, 

Finiabinf Bill, 4 «tanda 3-bifb, 

aaall bar mill«, cotai»tin« of: 

Braak down «ill, two atanda, 3-bifb, 

Finiabing a ill, two bifb, 6 atanda, 

Sbaat ailla, oonaiatinf of: 

a* On* tora« hieb, ana atand aill for tba rollinf of aaaat bara, 

b. Ona, two bifb, ona atand aaobaniaad rararaana; Bill for pack 

rollini of ahaata. 

c. QDO aanual «ill, 3-*ifb, 3 »tanda, 

d. Qn« finiabinf aill, 2-bifb, 2 »tanda, 

Finiabinf dapartaant: 

Tb» aanufaetura of apaoial and allojr ataala raguiraa ooaplata 

eonditioninf of tba aaai-finiabad producta and a rifourcua quality 

oontrol of tba finiabad producta.    Tba ACXSITA dapartaant in obaxg» 

of tbia activity ia wall aquippad in aaobinaa and tralnad paraonnal. 

Stainlaa» oold rolline dapartaant. 

In 1977 tba company atartad production of oold rollad »tainlaaa 

ataal abaat» 1,200 am wida, atarting initially froa iaportal bet 

ooila.    Tbt production will aoon be intagratad aftar araction of two 

alab oaatan and ona Staokol bot atrip aill. 

(ix)   Company Aaanitiaa 
A coafortabl« and wall daaignad city of 33.000 paopl«, baa baan 

built by tba company on tba bank of tba Piracicaba Rivar and of farine 

all oonaunity faciliti»«.    Total plant paraonnal 5,000;    Haad offioa 

and aalaa staff 4Ô0. 

(x)   Comaareial and financial aaaootas 

1976 figurai: Salaas        185,000 tana 
faina USt 100 millioma 
par ti       OM 540 

FJamraa 
- Praaant Layout and fatata 

39 - PluBagraa for 240,000 t/yr iaget ataal 
40 - llaat - 
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COMPANWA DE AÇOS ESPECIÁIS ITABIRA 
ACUITA 

•LAST FURNACE 

Figur« 40 
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(c)       Companhia Farro Brasili irò (CFB)( plant José Brandao) 

(i)     Introduction 

Tb« comparer 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 agreeable, oool, site 44 km east 

of Belo Horizonte at Caeté, a town located on the Central Brasil 

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 cast pipe in a fully mechanised 

plant. 

(ii)   Charcoal  mupply 
Prom the beginning, the management was convinced that man made 

fores'» were essential for its charcoal needs.    The fores tat ion was 

therefore started many years ago, financed partly from tax incentives 

but majorly fron the company's own resourœs. 
Present yearly reforestation 1,400 ha. 

The company uses 410,000 n>3 of chareoal/yr of which 30 % is produced 

by a subsidiary company "Rual Hineira" and 7p£ is purchased from 

private manufacturers who use wood half coming from naturally re- 

grown   forests and half from bush forests. 

By 1995 +»*• company expects to be 100Í self-sufficient in charcoal 

production from eucalyptus wood.    All charcoal    is produced in beehive 

kilns.    Charcoal physical and chemical characteristics are similar 

to those of Belgo-Mineira. 

On arrival at the plant the charcoal is screened into three sisas. 

Coarse        +25 mm (75"í of total) 

Fine -25 •» + 9 ••  (25$ of total) 
and Bréese,  -9 mm, which is used as sintering fuel and for boiler fuel 

after pulverising. 
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(iii)   Iron ore 

3iailax charact aria tica to that uaed by Be? go-Wneira and 

Aceeita. 

(!•)    Sinter plant 
Pan type machine,  two pana, production 100,000 t/yr. 

(T)    Blast furnaces - three fornácea - bait conveyor charging with rotary 
top burden distribution devices.    Sball cooling by water spray on 

lowar third of bosh and downwards. 

Production    t/day IOO/140/25O 

Productivity t/day/m3 working volum«      0.8 - 1.0 

Tuyeres - diameters -ran 70 and 90 

Number of stoves/furnacee 3 

Heating surface m2 8,300 

Blaat temperature I and II 500 - 600°C 

III 700 - 800°C 

Blaat volume I and II a /hr 26,000 

III a3/nr. 35,400 

Blast preaaure-1000 nun w.g. 2.5,    8.0 and 10.0 

(vi )   Furnace burdan 

Sinter plus ora 1400 - I500 kg/t iron 

Limestone 50 - 60     kg/t iron 

Quartz 60-70     kg/t iron 

Uprising scrap 40        kg/t iron    (occasionally up to 400 kg/t) 

Charcoal rata 3.4-3.7     » /t iron 

Hot Metal Analyaia 

Si - 1.5 - 1.8¿j    Mn - O.35 - 0.45$;    C - 4.I5 - 4.25Í;    S - .025* nax. 

Slag Analysis 

Si02 - 40-43N    CaO . 27-30 %; AlgOj . 13-15 %• 

Hot metal ia poured into twu hot metal mixers, 60 and 120 t capacity, 

capacity. A continuous pig casting machine is also used. 
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(vii)   Fognari»» 

Grey iron and nodular iron for high and low preaaur», 

Matar, gaa, oil, ate, pipt in diamatar» from SO a» to 900 am 
Two production    linas - 3 a long pipa (50 a»    to I50 on dia«) and aix 

m long pipa (200 an to 900 an dia«) 

Six m pipa production lin* includa» on» canal typ» induction heated 
furnace of 40 - 60 ton capacity and on» crucible  typ».    Th»»e 

furnace» permit the addition of uprising »crap and allegra to 

successive cast» and smooth out irregularities of temperature and 

chemical analysis of hot metal. 

Five oentrifugai  casting machinas and an annealing furnace. 

Production capacity 125,000 t/yr. 

Thro» m pip» production lin» includa» 6/15 t canal typ» induction 
heating furnace which receive« hot octal from blaat furnace or fro» 

two »»van-ton cupola malting furnaoaa. 

Pive centrifugal casting machine».   Production capacity 45t000 t/yr 

In addition, the company ha» a large foundry for conventional 

iron casting» from 20 to 15,000 kg each.   Production oapacity 

18,000 t/yr. 

(viii)   Company A—nities 

Tue company ha» built a complot» city with 8OO houaaa and all 

community facilities auch a» hospital, church, high and profa»»ional 

schools,  etc.    -   Total company p»raonn»l 2,400. 

(ix)   Co—»roial aapacts 

Sales I976       - 68,500 tons 

USS - 51,000,000 

par ton - USI 575 

Profit» after taza» US$ 10,000,000 

ÏÎÊSSii 
41 - Ganara! layout of blaat furnaoaa 

42 - Blaat furnaoaa 1, 2 and 3 
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(d) 

(i)       Introduction 

CHRAL i. the largest Brasilien non-integrated prodaoer 

of pig iron (400,000 t/yr).    The oompany also own« a small 

integrated steelworks (formsrly Cia. Siderurgia Hiae) now being 

modernised and expanded to 240,000 t/yr of crude steal production. 

The company has three pig iron planta. 

Sete Lagoas - Minas Ceraie       -   three blast fornácea 

Itauna - Ninas Ocrais       -   seven blast furnaces 

leiva - Eapirito Santo   -   two blast furnaoee 

Flus the integrated steelworks at Barâo de Cooa is with two 

blast furnaces, a third one building,  and an   U) plant unde* 

construction. 

The company designs and builds all its own charcoal blast furnace 

plants based entirely on their own know-how and experience. 

(ii) rescript ion of Sete Lagoas Plant. 

It is located near the city of Sete Lagoas 70 kms north west of 

Belo Horisonte on the highway to Brasilia.    It has no rail connection 

and all raw materials and products are moved by road trucks. 

( iii ) Charcoal Supply 

The ooapany maintains offices in different regions of the 

State of Minas Gerais for the purchase of charcoal from local 

producers. 

Charcoal is transported by 30-60 aß trucks and 80 m3 trailers for 

distances of 200 to 600 km.    Most is loaded in bags which must be 

manually unloaded at the plant.    The volume of charcoal is checked 

by unloading the baga into a measuring wagon of 3 cubic m volume. 

Charcoal la stored in two   depots, one of 8,00Cer capacity near 

blast furnaces 1 and 2 and a second of 17,280 or capacity near 

blast furnace 3.    The larger storage depot is olvidad into five 

equal ooapartments and each subdivided into three cells of 1,152 m . 
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ffeaaa ooUs can bs individually isolât«! ¿«i osa« of fir».    Orasi 

oar* is takan for fira protact ion.    Thar« ara ia&apaadant truok 

«ni oa<l1nf atationa. 

Froa tha dapots oharooal is »anually transportad to a »»all bin 

and than by bait oonvayor to oharooal aoraana.    Tha oharooal ia 

hsndpiokad on tha bait to raaov« unoharrad   wood and oharooal 

largar than I50 su.    Tha oharooal is scraanad into thraa aisaa. 

Coaraa •   30 a» 

Fina -   30 +6 am 

Brass« -   6 a» - 5 to 15 £ of total output. 

(IT)   Iron ora 

Hanatit« iron ora is purohaaad froa indspandant »ina* 

situated 100 ka froa tha plant.    Transport is by truck».    To« 

ora ia suppliad oruahad and aoraanad in two a isas and washad.    Th« 

ora is ra-acraanad at 6 sai baf or« charging into th« blast furnaoaa. 

Pinas -6 a» amount to 3-5'»    Is tha futura thas«   will b« usad 
in a sintar ¡¿ant. 

Ora analysis is: 

roars« 13-32 a» - Fa - UU3ÍC)2 «2.9^>12°3 " 1'2l«F • 0.032". 
l'in*       6-1Ì a» - Fa - 65X1 Si02 «2.4/*» Al^ - 1.2&F - 0.0322. 

Proportion of finas to coarsa is 2:1. 

(•)   Blaat fiuwaoaa 

Total production 175.000 t/yr of pig iron for ataalasking 

snd foundrioa. 

Furaaoas ars fittad with doubla balla ohargad with1 "Staahlar" 

typ« buokat hoists.   Each buokat oontains a ooaplst« srtxsd oharfs 

with or« on th« botto» and oharooal on top.    Purnaoa Io. 1 has a 

1 »3 buokat and loa. 2 and 3 *2 t^ buokat. 
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Production t/day 

äaarth diaaatar • 

Working voli»« »^ 

Kuabar of tuyaraa 

Diaaatar of tuyaraa an 

"Qlandon" raeuparat on /furnaoa 

Blast voluaa    rn^/hr 

Blast taaparatura 

3laat  prassur« 1000 am w.g. 

1,650kg/t iron 

70 kg/* iron 

40 kg/t iron 

3.3 atyt i•* 
70 Kwh/t 

furnace Burdan 

Iron ora 

Liaaoton« 

Quarts 

Ubare oal rata 

Fonar oonauaption 

81ac voluma for foundry iron - 100-140 k|/t 

for st aal grada   - 190-200 kg/t 

(•i) "r "itti»1!« Mad ai* i*on °—t4a* 
Cyolona typa dust catch «r». Part of gas is usad in tas "01 andón" 

racuparators and for drying hot aatal sand ninnar* Tha rasa indar is 

burnt to wast«. 

Aftar tapping tha iron ia pourad into a covarad tilting typa, oil haatad 

ladla supportad on a travailing orana. In tha ladls tha hot aatal 

baooaas aora hoaoganous. Fron tha ladla it is oaat on a circular pig 

oaating aachin«. 

(vii) Ca—»aiallaation 

Tha plant aaploys 300 paopla and an important part of tha 

production is ax port ad to luropa and Latin Aaarioan oountrias. 

Jiaums 
43 - Layout of blast fumaos 
44 - Oanaral layout of blast fumaos 
4$ - Blast fumaos 
46. 

- alandoli air haatara (tao figuras) 47) 
48) 
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CMETAL PLANT IV, SETE U8QAS 

45 



r - 270 - 1 

i 

i 
lì» 

J 

I 
M ti 

iiiiiÜl 
í 

lili! 
à Âè-é è 

I lirai 

e 



- 271 - 
1 

 í r " ^-iua 

? 

'     ¿J' |A. 'L. ' 



1 
- 272 - 



r ~i 
' - 273 - 

6. SOURCES OF KNOW-HOW AND TECHNOLOGY 

In the course of several decades Brazil has created an efficient, 

reliable and unsophisticated metallurgical technology for charcoal iron 

and steel plants and all 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. 

Brazil is thus able to make its metallurgical know-how in charcoal 

based iron and steel plants available to other countries. 

übe following services and equipment can be supplied: 

Technical consultancy. 

Planning, engineering and design of charcoal blast fumaoas 
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 personnel 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 

Brazilian charcoal based iron and steel companies, engineering firms 

and manufacturers of metallurgical equipment. This aspect is most 

important for the training of technical personnel and the start-up period 

of a new plant and its initial operation. 
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7.   BRAZILIAN COMPANIES ABUS TO SUPPLY KNOW-HOW AND 
EQUIPMENT FOR CHARCOAL BASED IRON AND SUHL 

PLASTS 

(l)     An association of the three companies:    USIMBC-CIMETAL-TENENCH! 

for planning,  engineering, erection and export of charcoal iron and 

steel plants and direct reduction plante; the latter for yearly capacities 

of up to 600;000 tons of sponge iron. 

(a)    USIMBC - Usininas Mecánicas S.A., Belo Horizonte 

A wholly owned subsidiary of Usininas, Usinas Metalúrgica* Minas 

Gérais.   Usiminas is a state owned, Siderbras holding, coke based iron 

and steel company. 

Type of activities: 

- basic and detailed engineering 

- supply of équipaient 

Engineering office« in Belo Horizonte. 

Mechanical shops for construction of heavy steel sill équipaient, 

located at I pat inga, Minas Gerais,  210 km   East of Belo Horisonte.    Short 

term association with several internationally famous foreign companies 

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 

charcoal blast furnace plants,  continuous casting machines, rolling mills 

for flat products, sheet and strip finishing lines. 

Work force:    Engineering:    Graduate engineers:    150. 

Technicians and draftsmen 230. 

Mechanical shops: 2000 employees. 

Some projects executed:    Grate-type sinter plant 180 sq. meters, 

coke breeze 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 Mine ira.    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).   Shall of alaetric low «haft furnace for 

Tit"'TTT*"1 plant.    Slab oontinuoui catting amohine for Coaipa plant 

(Siderbrae Holding).    Billet continuous caster for Cimetal plant (in 
e »out ion) 

Large project* now being executed: 

Basic oxygen eteel shop for Aooainas, state-owned, Siderbras 

controlled coke-based iron and steel works, under construction at Ouro 

Branco,  80 km  south-east   from Belo Horisonte. 

(b) CIMETAL - Cimetal Siderurgia. Belo Horisonte 

Largest Brasil ian produoer and exporter of foundry pig iron with 

12 blast furnace», also one charcoal based iron and steel plant which is 

being expanded.   Large experience, good performance    own know-how in 

projecting, erecting and operating charcoal blast furnaces. 

Type of servioes which can be offered!    feasibility studies, 

teohnical assistance in charcoal manufacture,  forestry activities, 

charcoal blast furnace projects and operation.    Training of personnel. 

Start up operation. 

References:    has projected and built most of its own blast furnace 

plants. 

(c) TBHENQB - Tecnioa Racional de Engenharia S JL. Sao Paulo 

Engineering oompany. 

Activities:    civil works, plant erection. 

Some references:    Studies and project for charcoal iron and steel 

plant "ACEPAR", Aoeros del Paraguay, close to Asuncion, capital of 

Paraguay.    Plant capacity - 100,000 tons/year.    Research, studies and 

projects for direct reduction plant in South Brasil, 600,000 tons/year 

nominal oapacity, to use reducing gases obtained from gasification of 

Brasil ian ooal with high ash and sulphur oontent.    Construction of several 

hydro-electric plants. 

(2)   A co-operation between Companhia Siderurgica Balco Mineira and Paul 

Worth, Luxembourg, for the planning, engineering, export, erection and 

start-up of ehareoal basted iron sad steel plants and foundries. 
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(a)     Compagnia Siderurgica Belgo Mlneira 

Oldeit and largest charcoal based iron and steel company in Brasil 

and in South America.   Great experience, provan performance and own know-how 

in the dasign,  construction and oparation of oharcoal blast furnaces plants 

and all activities ralatad to charcoal iron and staal production. 

(i) Manufacture of oharcoal: 
Own production 700,000 cubic a. 

Bain** expandad to 1,800,000 cubic a. 

(ii) Reforestation: 

Total plantad until 1976 120,000    ha 

Present yearly plantation 12,000    ha 
(20 Billion trees) 

(iti) pig iron production: 

Present production 600,000 tons/year 

Being expandad 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 future to 
electric arc furnaces. 

(v) Iron foundry: 
Present production 15»000 tons/year 

Being expanded to 30,000 tona. 

Service« which oan be offered ooaprise: 

Consultancy, planning, transfer of know-how and technology, plant 

start-up, training of personnel in its Brasilien plants and/or abroad, in 

all the above mentioned activities fron '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 

mechanical construction shops in Luxembourg.   Work force:    200 graduate 

engineer«, 600 technician« and employee«.   A Brasilien subsidiary in Balo 

Horisonte «ino« 1976. 

Co-operation with COBRAPI for projecting, engineering and supplying 

oharcoal blast furnaoe plant« for Latin America (1977).    «any J«**"« 

1 
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specialised In projecting, building and Modifying oomplete oharooal 

and coke blast furnaoe plants. 

Inventori of a universally known patented bell lest Liast furnaoe 

top and with a continuous charging device. 

Some referenoes: 

Built and modified in 1935, 1936 and I956 in olose co-operation 

with Belgo-Mineira, several oharooal blast furnaoes for the same company 
and for other Brasilien companies. 

How projecting (1977)  for Belgo Mineira, and in close oo-oparation 

with this company, a charooal blast furnaoe of 800 tons /day nominal capacity. 

Coke blast furnaoes:    projected, built and modified most blast 

furnaoes in Belgium and Luxembourg and many furnaoes in other parts of 
the world. 

Servi oes which oan be offered:    Feasibility studies, engineering and 

supply upto after commissioning of complete oharooal blast furnaoe plants. 

(3)     Comnanhia Aoos Especiáis Itabira (ACESIHQ - Belo Horisonte 

One of the largest Brazilian oharooal 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 eucalyptus. 

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 furnaoe, eleotric reduction furnaoe, melt shop with 

LD, electric, vacuum and argon oxygen refining.   Slab casters, blooming 

and billet mills, bar mills,  steckel hot strip mill, Sendzimir mills for 

silicon and stainless cold rolling, steel and iron jobbing foundry. 

A large engineering group with 1,000 employees, of which 275 engineers, 

was formed to manage the expansion programme and is now available for the 
sale of servioes. 

1 
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Typea of aervioea which oan be offered! 

Teohnioal consultancy, feasibility studies and basic engineering 

for reforestation, oharooal production, charcoal basad iron asking, malt 

shops, rolling milla, foundries and forging shops.    Co-ordination and 

detail deaign.   Procurement.    Construction project management.    Comaiaaioning. 

Training of peraonnel in the company's planta. 

(4)     Companhia Braaileira de Pro.1 atoa Induatriaia (COPRAPI) 
(Brazilian ooapany for industrial pro jacta) 

An engineering company,  subsidiary of "Companhia Siderurgica Racional" 

(Rational Steel Company), Government owned ateel oompany, Siderbraa holding. 

Pounded in 1963.   Piva engineering offices with 250 graduate engineers and 

750 teohniciana and employees.    Offioea inj    Volta Redonda, State of Rio de 

Janeiro, where ateel works are located, in Sao Paulo, Rio de Janeiro , Belo 

Borisonte, Victoria. 

Typea of activities:    industrial pro jacta, atudiea, baaic and detail 

engineering of iron ore minea, blast furnace and ateel planta.   Recent 

particular interest in mini ateel mills.    Since 1977 co-operation with 

Paul Worth for planning and engineering charcoal blast furnaoe planta for 

Latin America. 

Some eervicea executed: 

Detailing of oharooal fines fuelled continuous grate, Lurgi design 

and equipped sinter plant for Belgo Nineira, 1,000,000 tona per year nominal 
capacity. 

Detailing of oharooal blast furnaoe of 800 tona/day nominal capacity, 

Paul Worth deaign for Balgo Nineira. 

Stodiea for a 300 tons/day capaoity oharooal blaat furnaoe for 

another Brasilien customer. 

Studies for increase of efficiency of Siderama, Mamúa, oharooal 

baaed iron and ateel worka, now Siderbraa Holding, project includasi 

production of oharooal, forestry activitiea, mining, sinter plant.    Studies 

for a "Babaou" industrial project in the State of Maranhäo for the 

production of oil, oharooal, and by-produota. 

1 
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(5)     Montee - Balo Horitonte 

Subsidiary of Magnesita S J.., largest Brazilian and South American 

manufacturar of refractories. 

An engineering, construction and erection company of industrial 

furnaoes for the iron and steal industry.   Equipment for transportation, 

treating and storing of minerals.    Builder of steel buildings. 

Mechanical shops for construction of charcoal blast furnaoe shells, 

stoves and their auxiliaries,  industrial furnaoes and their auxiliaries. 

Type s of services and equipment available for charcoal based iron 

and steel plants:    Projects, studies, basic and detail engineering of 

charcoal blast furnaoes, stoves,  industrial furnaoes.    Construction and 

erection of such equipment and their refractory linings.    Start-up of 

charcoal based blast furnaoe plants and training of personnel with the 

aid of associated Brazilian charcoal blast furnaoe companies. 

Some services executed:    Change of design of the refractory lining 

of a coke fired blaut furnaoe to charcoal.    Projects for supply of special 

basic refractory for the hearth of electric reduction furnaoes.    Various 

studies for refractory linings of small and medium si sed Brasil ian oharooal 

blast furnaces.   Projects for refractory linings of the two largest oharooal 

blast furnaoes presently being built for Aoesita and Belgo Mineira. 

Calculations and studies of new and modified blast furnaoe stoves. 

(6)      Demag Industrial Equipments 

Subsidiary of De mag, Fed. Rep. of Germany (TOG), vfcioh is affiliated to 

Maxmesmann, PRO and also to Siderúrgica Manne «mann, Barreiro, Balo Horisonta. 
Established in Brasil sinoe 1976.   Plant looated at Vespasiano, 20 km. 

north-west of Belo Horisonte.    Demag is an engineering, construction 

and erection oompany of the following equipment :    blast furnaoe planta, 

blowers, electric low shaft reduction furnaoes, basic oxygen and electric 

arc steel plants, continuous oasting machines, rolling mills, pipe 

manufacturing machines, travailing cranes, steel buildings, foundry plants. 

Types-of servioes which oan be offered:    engineering, oonstruotion, 

erection of complete iron and steel plants. 

References:    BOP vessel 73 tons aapacity for new steel plant for 

Mannesnann, Barreiro, Balo Horisonta. 
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(7) Irgpp - Industrial Equipment Manufaoturer 

Subsidiary of Krupp, Germany. Plant looatad at Bet im, 13 km 

wast fron Balo Horisonta. Pounded - 1975« 

Construction of ooaplete iron and staal aill aquipaant and thsir 

araotion. Mining, traatmant of ainarala and thsir transportation and 

storing. 

Typas of sarvioaa which oan bs offarsd: engineering and construction 

of installations for: mining, crushing, soraaning, transportation of 

iron orss, blast furnace plants, basic oxygen and alsctric arc atasl plants, 

rotary kilns for tha production of sponga iron, rolling mills. Soma 

rsfsrancss: parts of Lurgi grats typa sintar plant for Balgo Ninaira, 

staal ladlas. 

(ö)  Pohl ig Hackal do Brasil 

Subsidiary of Pohlig Hsokal - Blsichert, Federal Bapublic of Oermany 

and Arbed Group, Luxembourg. Relationship with Belgo Mine ira, Brazil. 

Plant looatad at Cidade Industrial, Balo Horizonte. Since 1933« 

Engineering and construction company specialized in transportation and 

handling equipments for all kinds of materials. 

Types of services and equipment which can be offered: projects, 

engineering and equipment for: travailing cranes, blast furnaoe shells 

and charging hoists, steel buildings, transportation, handling and storing 

of charcoal, iron oraa, minerals. Iron foundry cupolas and foundry equipment, 

Some services executed: equipment for oharooal storing, treating 

and handling at the Monlevade plant. Equipment for blast furnace burden 

preparation at the same plant. Charcoal aerial cable conveyor, 50 km 

long, at Nonlevade plant. Equipment at various Brazilian sea ports for 

handling of iron ores and loading of ships at Vitoria and other ports. 

Treatment and transportation equipment of ores at various large Brasil ian 

iron ore mines. 

(9)  Sohsnok do Brasil 

Subsidiary of Sohenok, Federal Republic of Oermany. 

Plant: Sao Paulo. Builders of equipment for transportation, 

measuring and weighing of raw materials and other produots in iron and 

stssl mills 

Soas servioes executed: The supply of iron ors and sintar sorsans 

and scales to many Brasil ian stssl plants. 
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(1°J    Isomonts Iquipmentos s Montacene Industrials 
(Isomonte industrial equipment and erection). 

Pounded 1963.    Sinoed 1(974:    majority of shares by Salsgitter 

Group,  Federal Bepublic of Germany. Factorisa: Cidade Industrial, 
Contatasi, Balo Horisonte.   Employees:  2,000. 

Activities:    engineering, construction, araotion of staal buildings 

and equipment for mining, iron and staal planta, pstroohaaioal and ohamioal 

industrias. 

Mining:    spaeial aranas, staokara, reclaimers. 

Iron and staal industry:    special travailing oranas, hot blast 

stoves for blast furoaoes, torpedo ladle oara, blast furnaoe gas linas 

and holders, liquid fuel linea,  tanks and distribution systems. 

Sons servioes executed:    detailing of projects, building and erection 

of steel buildings, erection of equipment for ainter plants, blast furnaoas, 

basic oxygen shops, forges for several Brazilian oharooal and ooke based 

steel works. 

(11)    Companhia Brasllsira de Caldairas-Induatrias Pesadas ( CBC) 
(Brasilian Boiler Co. Heavy Industrias). 

Subsidiary of Mitsubishi group, Japan.   Founded in 1955* 

Factories:    (a) Varginha, State of Minas Oerais, 300 ka south west of 

Belo Borisonte 

(b) Jundiai, State of SaaoPaulo, 100 km north of 
Sao Paulo. Largest factory in Latin Aaerioa for the construction of 

boilers and other heavy aquipaant. 

An engineering and manufacturing company of equipment for:    mining 

industry, orushing mills. 

Iron and steel industry:    sinter planta, blast furnaces, steel 

shops, iron and steel ladles, torpedo oars, gam  holders, reheating furnaoas, 
auxiliary equipment for hot and oold rolling mills. 

Ohamioal and petrooheaioal industrias. 

Hydro-electric and thermo-eleotic power plants. 
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(12) M«c«nica Pesada (Heavy Mechanical Industri»«) 

Subsidiary of Schneider Group, Frano«.   Founded in 1954. 

Factory:    Taubaté\ State of Sao Paulo, 125 km north-east of the 

•tate capital.    Technological aeeistance by Creueot Loire Group, Frano*. 

An engineering and manufacturing company of heavy Machinery for 

all baeic industrie«, principally the iron and ateel industry. 

Types of services which can bo offered: sinter plants, mixers, 

iron and steel,  ladles, torpedo cars, ingot cars, rolling «ills, 

travelling cranes, basic oxygen vessels,  job work. 

Some services executed:    200 tons/day charcoal blast furnace for 

Ferro Brasileiro.    Three hot nets! mixers for "Barbara" State of Rio 

de Janeiro.    120 tons hot metal mixer for Ferro Brasileiro.   Various 

steel mill equipment for Brazilian Charcoal and coke based iron and 

steelworks. 

(13) Nipooon (Nippon Steel - Confab) 

An association, since 1978, between two companies. 

CONFAB INDUSTRIAL (majority share holding), an important Brasilien 

manufacturer of large diameter welded pipe, steel vessels and machinery 

for basic industry.    Several factories in the region of Sao Paulo. 

NIPPON STEEL CORPORATION, largest steel producer in the world and 

Sí» important manufacturer of heavy machinery. 

The association represents the technological experience and know-how 

of Nippon Steel and the manufacturing facilities of Confab.    Nipooon is 

an engineering and manufacturing company of equipment for the iron and 

steel industry.    The company also undertakes erection. 

Types of servios« which can be offered: 

Planning, projecting, construction of new and modification of 

existing plants:    cok« oven«, fixed and mobile hot metal mixer«, BOF 

vessela, rolling mills, soaking pits, reheating furnacee, heat treatment 

furnaces, sheet, strip and pip« proo«««ing lin««, equipment for pollution 

control. 
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(14)      Other Engineering Componi*» U the Stats of Mina» Orals 

In th» aiddle sisad towns situated wast and north wort of Bolo 

Horisonte, a region where most of tao independent non-integrated blast 

furnaoe planto art looatod, there oxiot several anali, aoetly family 

owned companies, spooialisod in projoctinf and oonatruotinf aaall and 

medium si sod oharooal blast furnaoe plants.    Host of tao exiating blast 

fumacoo in this region have boon oonstruetod by tasso ooapaaioo in their 

local mechanical shops and foundries.    Sosio examples: 

(a) Siderurgica Itatiaia, City of Itanna, Ninas Ceraia.    Ino 

ooapsay operates three oharooal blast fumaos plants.    Is 

the inTontor of a devioe for continuous running of hot aetal 
for oharooal and coke blast furnace» which it has patented 

in Brasil, Vene suela and France.   More than 30 blast furnaces 

in Brasil have been equipped with this devioe. 

(b) Snfineerinf offioo Olauoo Machado do Canvalho, City of 

Itauna.    Specialised in projoctinf and engineering of 

oharooal blast furnaces, up to 200 tons /day capacity. 

(c) Mechanical  shops and foundries with experience in the 

construction of charcoal blast furnace». 

Oficina Mecánica Pre i tas (mechanical shops), 1    una 

Oficina Meoanioa Santa Rita (    " "    ),    Itauna 

Delp-Engenharia Mecanioa, Cidade Industrial, Belo Horisonte, 

Charcoal handling and storing, supplier to CiaetaL. 

Beferenoe» of all these conpanie•:    several blast furnacee built and 

operating in the region. 

(15)     Other Bouipnont Available in Brasil 

111 ths following eervioe» and équipaient for the oharooal iron and 

steel industry are now available in Brasil, aostly in the great industrial 

oentree of Sao Paulo, Rio do Janeiro, Belo Hori sonte: 

- équipaient for forestry and oharooal operation. 

- civil construction. 

- blowers, aixers, casting aaohinee, auxiliary équipaient  . 

- eleotrioal equipment . 
- hydraulic and pneumatic transportation system». 

- control and aeaauring equipment  . 

- transportation equipment for water, rail, road, oontinuoua 
conveying of aaterials. 

t foundry equipment. 
- rolling aill equipment and their auxiliaries. 
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of looally teilt aaohinary liwr, aodarn Brasilina 

Iron and staal plants is now approzlBataljr 70jf sad in a faw jsara, 

speasorad by Qoramnant influanos, «ill raaeh 80 to 90£.   For oharoonl 

basad iron aad staal pianta whioh ara ganarally of aiaplt daaign, 900 

now built in Iraail. 

JmSmìSt (16)     Brdro-alaotrlo 

Brasil is ona of tba Mat adiaaoad oountrisa in tha fiald of bail ding 

aad oparating hydro-alaotric powar pianta and oojupias an important world 

poaitioa in tha prodaotioa of hydro-alaotric anargy. 

fedating powar planta of aora than ona Billion IN - aiz 

Planta andar oonatmotloa of aora than ona nillion CH   - nina 

Dna to this larga axparianos, tha technology in building daaa, 

powar planta and powar distribution haa ranchad a high dagraa of affioianoy. 

ftla taohnology, eeapriaing civil .aaohanioal and alaotrio anginaariag aa 

wall aa all tha   aaeaaaary aarrioaa and aquipaant oan b» snppliad tu othar 

ooantriaa by nuaaroaa ooajpanias of intamatioaml fana aad axparianoa. 
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8. ACPTOWTicnaffiMKirps 

The conplttion of thia doauawnt wu aada poaaibla by tha helpful 

oo-oparation of the following parions and ooapaniaat 

CONPABHIi SUHSDROICA BELQO MUTEHU   and ita aubaidiary for foraatry 

and oharooal production - CAP 

Porastry. Charcoal Manufactura and Transportation 
Orad, anga.   Carlito Aaaral Caldaira 

Joaf Laia Magalhaas Nato 

Oil Hay Taixaira 

Joaquin Burrai Juvallar 

Lidnay Jardim 
Sargio Matoa 

Matallargioal Aspsots of Blaat Purnao« Qparation 

Datali« of Brazilian Charooal Baaad Works 
Orad. anga.   Ilario Eioairo Olivaira 

Marco Tulio Tianna 
Alfonso Starling 
Hanriqu« Marigo 
Danial Olivaira Sou»» 
inta Primorac 
Jaan i.H. Scharia* 
Calao Costa 

curati, snaaPHQiA 

Orad, anga.   Roñero Machado Correa - Praaidant 

Joa< Poluoano Braga 

C0MPASHI1 SIIMHOBQICA MATOmSMAOT 

Orad. ang.     Rolf Bradt 

OOMPAHHIA ACQS KCTCIAIS ITABIBA. ACBITA 

Orad» anga.   Fradarioo Albuquarqua 

Rubans Correa Silvaira 

Vilna* Olivaira 

COMPAllIIA PUMO BBASIHUO 

Tha lata 
grad« ang.     Robarto Paaa Lana 

*1liTTTirTWF 9BBSL awnro 

Orad« ang.     Siuardo lular 

L 
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