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1. INTRODUCTION 

ln order to position thc present state of Research and 
Devel opment (R & D) i n coa l and coice i n Br azi 1, i t is ne cessary 

to characterize the Brazilian experience in ironmaking 
technology throughout the years, once the coa l and coke system 
was not an exception within such context. 

One can say that the fir st effective technology absorp
tion in large scale ironmaking in Brazil occurred in 1938, 
when a group of engineers was sent to Eur ope with the pur~ose 
of carrying out viability studies to implement a coke-based 
steelmaking works in the Country. A very rapid developmentwhich 
had its mark with the start up of CSN's Presidente Vargas Works 
in 1945, the fir st of the five S!DERBRAS coke-based int egrated 
work s {Figure l) (2). The presen t Brazilian hot metal production 
is 23 Million tons per year of whic h about 70~ correspond to 

the coke-based integrated works share (Figures 2 and 3) (2). 

Traditionally known as an agric ultur al country, Brazi l is 
curre ntly positioned as the seventh major steel producer in t he 
world (Table 1) (1). Within that scenario, the SIDERBRAS Group 

occupies the second pos itio n among independent producers. 

They operate with modern installations. being worth 

mentio nin g blast furnaces with inner volumes varying from 885 
(USIMINAS l and 2) to 4,415 cubic meters (CST), equipped· with 

very updated facilities which include com puter co ntrolled 
operation and burden distribution via movable armour (U SIMINAS 

2, COSIPA 2 , CSN 3 and CST) and bel l-less top (CSN l and 2 and 
AÇOMINAS). Productivity indexes greater than 2 t/m3/da y and 
low fuel consumption, lo1ver than 580 kg coke/ ton hot metal 
confer to t he Brazilian ironmaking industry high degree of 

competitiveness. 

Hence, in this half century, the Brazilian ironmaking 

industry evolved from th e complete technologi cal dependence to 
a situation close to self-sustained competence. The specific 

situation of the coal and coke system is not different. The 
SIDERBRAS Group relies on a 8.59 Mt/year installed battery 
cap aci ty, with about 80% of the ovens having l ess than 10 years. 

Th e Brazilian coal reserves, although of satisfactory 
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amounts for our production levels, possess neither compatible 
production nor qual ity. For this reason, Brazil. has to import 
about · 90 % of i ts own needs, this way becomi ng one of the 
largest world coal importers. The SIDERBRAS Group imported 9 . 1 

million tons of co a1 in 1986, for approximate1y a Mi11ion ton 
domestic coal consumption . 

As shown in Figure 4 (2), the ironmaking industry has 

been developing a wide diversification programme of sources of 
coal supply in the 1ast 41 years, making the technological 
approach of the coal and coke system even more complex. 

2 . RESEARCH AND DEVELOPMENT IN BRAZIL 

The complexity of the ironmaking technology has been 
limiting R & D activities for the appropriate technology 
absorption and adaptation, leading to projects of short and 
medium duration. They essentially aim at optimization of 
processes and at uti li zation of avai1able resources to a better 

revenue; cost reduction and increase of quality level of final 
pro d.ucts. This situation made research activ i ties in Brazilian 

ironmaking industry to evolve from the i ntegration model shown 

i n Figure 5, where different sectors of the productive system 
are involved. This integration has been responsib1e for the 

a chievement of significant results in terms of research and 

development as we intend to show throughout this papaer, 

s pe cifically for the case of coal and coke. 

Only the Brazilian National Steel Company ( CSN} and 

USI MI NAS hav e captive Resear ch Centres (Ann ex es I and II ) . CO-
SIP A is implementing a Techn o logica1 Resear c h Gr o up, 
phi 1 osoph y may be fol lowed by CST and AÇOMIN AS , whi e h 

W hose 
ha ve 

rec ent1 y ha d their start up. ln addition t o S ! DER BR AS avail able 

means, we have been pursuin g the utilization of tec hnologi cal 
ba ckgr ound e xi sting in the Coun t ry trough co ntra c tin g se rvi ces 
f r om independent Re se ar ch lnstitut ions a nd Uni vers i t ie s. 

Reg a rding manpower capa c itation, we ha ve been i nves t i ng 

in spe c ial i zation not on1 y through pos t g r adua t i o n co ur se s 

bo th in Bra z il and o vers e as , bu t also throug h specifi c tra in i ng 
pro gramme s in Re s earch Centre s and re late d inst it utions . On 
t he o ther hand , capa c i ta t ion of me di um 1 ev e l pe rso nne l f o11 ow s 

a coopera tive pr ogr amme betw e e n the compan i e s and t e c h ni c a l 
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sc hools, involving practical çlasses inside the plant s , teach

ing by companies qualified employees and hiring ofgraduates. 

3. RESEARCH IN COAL ANO COKE 

The coal and coke system is ~ighl y comple x a n d is 

responsible for about 50 % cf hot metal cost. As me ntioned 

earlier, it is also very diversified, once coals from the 

United States, Poland, Australia, Canada, Colombia, and more 

recently, from China and USSR are imported. The total amount 

of domestic coal used comes from the s o uthern Santa 

Sta te. 

Catarina 

Thus, regarding R & D efforts. thi s paper wil 1 empha si z e 

coal cleaning, selection of coals and blend s , alter nati v e r aw 

materials and process control, bes i des environme n tal protection. 

3.1. BENEF!CIATION 

Although the main problem for domes t i c coal u tilization 

in ironmaking is the h igh ash and sulphur level s , bes ides its 

1 ow wa s habi 1 i ty recovery, the rese arch efforts towa r ds improving 

co al q uality have not been made by ironmak i ng cor,i panies . 

Traditionally, such studies have been carried out by 

independent institutions as CETEM (Mineral Tech nology Centre) 

in Rio de Janeir o and the ClENTEC (Foundation f or Sc ience and 

Technology) in Rio Grande do Sul State, beside s uni versit ies. 

SIDER6RAS is currently engaged i n a coopera t i ve project a imin g 

at opt imizing the process o f domestic coal cle aning. 

One can conclude that a major contribution can be gi ven 

by minino companies once there is enough roam t o in c rease 

domestic coal utilization on coal blends, es pe ci ally co nside_!: 

ing its high f1uidit y levels (greater than 50.000 ddpm), once 

the present characteri s tics of such c oal b ri ng s a detrimental 

effect upon the coke-rate and blast furnace pro du c tivity, 

a s well a s upon the mechanical properties of steel. Th i s 

wo uld be an extraordinary contribut io n toward s 

foreign exchange credits remittance. 

3.2. SELECTION OF COALS ANO BLENDS FOR COKE~AKING 

rlecreasi ng 
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lniti a l R & D effo.-ts in-coal by the Brazilian 1ronmaking 
industry were co ncentrated in evaluating tne different 
analytical method s available . 0ne can even say that these 
efforts were f o r implementing the necessary infra-structure to 
an appropriate characterization of the coals consumed at that 

time. The SIDERBRAS Group has about 30 coals under contract, 
selected by cost and quality optimization crit e.-ia from 250 

filed coals. 

A conside.-able ·part of these efforts wa s placed towards 
adap ti ng internationally accepted models fo.- selection of 

coals and blends to the Brazilian conditions.The petrographical 
model developed by Shapiro and Gray was used for som e time . 
However, utilization of Australian and Canadian coa ls of high 
i nert content when compared to American coals, led to a much 

h igher dispersion os stability results, s o that "Composition 
Bal an ce Index" (CBI ) and "Strength lndex" (SI ) are today 
mer ely indicative. Studies are still underwa y 
adapt such model to the Brazilian conditions. 

to further 

The model developed by Simonis was also widely studied. 
Difficulties in adapting it to Brazilian stand a rd s and in the 
es tabl i shme nt of optimal cr ushing condi tion s discouraged 
co ntinu a ti o n of studies on this line . 

The fact that the Brazilian standard for coke stre ngth 
a sse s sment is derived from the Japanese equiv a lent, made the 

Gro up de c ide for the proposal of Miyaz u and cowo rkers through 
the M0F diagram, also of easier modelling. 

The mod el s cu rre ntly fol lowed by SID ER BRAS 
essent i a ll y consider res t ri c tion s of: 

- available t o nnag es (mi nimum and maximum ); 
- diversif i catio n of sources of suppl y ; 

Comp an ie s 

- the need for combin in g cargoes among the Comp ani es to 
redu ce t he freig ht cos t i mpac t; 

- vo l ati l e ma tt e r co nte nt t hat a ns wer t h e need s f or 
the equilibri um be tw een coal ch emical s pro du ctio n and 
co ke yi el d; 

- maximum ash and s ulphur contents a s spec i f ied; 

- maximum phosphorous content ( in the cas e of CSN); 

- adequate fluidity and .-eflectance range s , essentially 
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accordi ng to the MOF diagram, but withfigures adapted 

to the Brazilian operational routine; 

- parameters rel ated to the development of coking pressure 

and cok e high temperature properties. 

The evaluation criteria are individual (per Company).The 

effective carbon concept introduced by Flint,alth ough adopted 

in some cases, is being questioned for excessively penalizing 

ash and s ulphur of coals . We have been pursuing a new concept 

for comparing coals which minimize such effect besides consider 

ing the event of self-fluxing sinters and external desul phur

ization of hot metal, processes which were nnt considered by 

Fiint at that time. 

3.3 ALTERNATIVE INPUTS FOR COAL BLENDS 

Great efforts have been conveyed to introduce 11 i nert 

materials" in the coking blend, aiming es se nt ially at reducing 

the influence of coal cost upon the cost of steel production. 

Pioneer studies on this 1 ine i n Brazil were carried out by 

lJSIMlNAS and CSN since 1971, when they tryed t o use charcoal 

and babaçu coconut breeze respectively. Many other inerts such 

as anthracite, coke breeze, subbtituminous coals from Rio Gran-

de do Sul State and petroleum coke were further studied (3,4). 

The technica l viabi li ty for coke breeze uti li zat ion after 

classificati on to less than 0.60 mm (28 M), was studied by CSN 

in conventional cokemaking (5). The project is currently under 

economical analysi s for a potential industrial implementation. 

Figure 6 illustrates this alternative which was applicable up 

to 7% coke breeze in pilot scale. 

USIMINAS, by its turn, stu di ed in pilot scale, charcoal 

utilization through the briquette-blend process (6), where 

charcoal was i ntroduced up to 9 per cent . However, among all 

the inert materials studied, only petroleum coke go t t o achieve 

industrial utilization,rather for economical than for technical 

rea sons. I n such case, the i nert wa s u sed up to 10% wi th no 

detrimental effects upon the high quality coke re o uired by large 

blast furnaces. (4). 

Currently, the preference is bei ng to pursue the usage 

of weak and soft coking coals, basically due to the attractive 
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pri ce these coal s have been offered . Different coals of this t_vpe 
have already been successfully tested both in. laboratory and 
in industrial cargoes (CST and USIMINAS). Based on these 
encouraging resvlt~, we can expect sue~ coals to be compound
ing Brazilian c:oal blends in a routine basis. 

3. 4. THE COKEMAKING PROCESS 

The mechanism of coke formation has been studied in 
laboratory through microscope connected to a heating stage and 

through the evaluation of the formation of coke porous 
structure. 

Yet regardi ng coke properti es ,factors such ~s mi crofi ssur 
ing and mechanical strength were widely investigated. Recently, 
studies have been directed towards adopting new parameters for 
assessing coke behaviour within the blast furnace.Coke strength 
after reaction (CSR) and coke reactivity index (CRI) were 
incorporated to routine, although newtests areunderdevelopment. 

Coke petrography is currently a field of great interest 
for Brazilian investigators . The SIDERBRAS Group actively 
participates of stanaardizing efforts by ABNT (Brazilian 
Association for Technical Standards) through interlaboratory 
proarammes involving Brazilian and foreign Institutions. It is 
worth mentioning that a microtexture classification proposed 
by the Brazilian Group to the lnternational Commission for Coal 
Petrography (ICCP), simplified for industrial applications 
(Table II), is under apprec i ation . Investigations for correlat
ing microtexture and reflectance analysisin cokewithitsproperties, 
reactivity for e xample, is a major objective, perhaps for 
provi di ng a new parameter for coal s el ect io n . Resul t s an shown 
in Figure 7 encourage the studies to proceed . 

Another point of interest is the influence of rank and 
operational cond1tions upon the formation of the coke po rous 
structure. \Je have recently incorporated sophisticated apparatuses 
to our laboratories (automatic picnorneter, surface 
area analyser and mercury porosimeter) to permit a full 
characterization (Figures 8 and 9). 

ln the last few years, there has been an increasing 
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con s c io usne ss regarding the cost o f energetic i nput s . and a t 
t he sarn e time, data aqui s iti o n sys t em s are a ssuming paramou nt 

imp ortance. As a conseq uence, process automati on i s pl ay i ng 

a major rol e in development programmes. 

Cokemaking process i s no t an exception in th i s gen e ral 
tend e ncy. Besi de ~ the menti o ned e nergy sa v ing a dvantage , 

a ut omat i o n is pur s ued with th e pur pos e of r educi ng heteroge neity 
of the coke pr oduced. 1 n th is regard, i t i s 1,ort h mentioni ng t he 

work carried ou t by US I MJNAS which s amo l ed and water que nc hed 

r ep resentative coke cha rges (pusher s ide ) by retainin g the 
charge in th e coke guide and proceeding a corrplete characteri zation 

th rou gh heigh t and width . Besides emphasizin g the hetero geneous 

c haracter of the cokemak in g process, the work ho pes to furnish 
info rm a ti on t o be tter acco mpl ishment o f coal charg e preparation, 

oven heat i ng procedure s, coke ouenching and size prepa rati on.On 

the otn er nan d, studies to establ ish the end poi nt of the cok i ng 

cycle are un de rwa y th rough measurements of ga s compositio n and 

temperature in the a scens i o n pipe , as suggested in literature 

( 7) . 

Finall y, considering the gover nme nt int erest in increa s 

ing equipment, product and process nationaliz at i on, we can 

dist ingui s h the ef fo r t s t owards buildi ng ( des igning and 

constr uction ) the very first Brazilian co ke ba t ter y where the 

most upda ted con ception is being adopte d, a s 1·1ell as 

sophisticated systems for operationa l control. 

3.6. AL TE RN AT IVE TECHNOLOGIE S 

The SIDE RBRAS Group adopted the process of selec tive 

c ru shi ng and the pr oce~s of co ke dry quen c hin g respect ively 

at AÇOMINAS and CST. Their experie nce wi 11 bP presen t e d in follow 

i ng papers. 

Preheatin ç a nd partial briq uet ti ng of the charge ,althou gh 

extens iv e l y studied were not adopte d . One could say that we 

are expecting the appropriate oppor tunity to r ei nitiate studies 

on this l 1ne , conside r i ng the high investment f or their 

implementa ti o n . 

3.7. ENVIRONMENT 
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SlD ERBR AS has shown to be very mu ch conc erned with the 

i mp act cok e productio n can cause not o nly up on .the e nvir onment, 

bu t als o upon wor ki ng co nd itions. 1/e kn ow that t here is a great 
po t enti a l to r educe polluti o n throu 9 h ó ptimizat i o n of operational 

conditi o ns and thro ugh observ a tion of appropriate maintenance 
routines. Many ant ipo l l ution device s were in co rpor a ted by the 

plants s uch as automatic ignitor in larry car s as well as 

adopt ion of new r out i nes for reducing pollution points such as 
charging holes an d oven doo rs, bes ide s im pr ove me nt of 
co nditions t hro ugh imp lemen tat io n of rel ax in g rooms f or 

battery worker s (Fi gure 10) . Bic logic a l wa ter treat ment 

deserves t o be mentioned in this conte xt. 

wo rking 

shift 

also 

R & D Centres of SIDERB RA S Gr c up Companies, as well as 
al l the depa rtmen ts involved in the te ch no iogical prism, 

parti c ipate i n the whole effort through the develo pment of 

s ampling standards for gase ous and l i qu id products, thro ugh 

investigation of the pollution phe nome na and t hrou gh development 

of anlyt i cal pr oc edure s for quantifying po llu tion com pon e nts(9) . 

4. CONCLIJSlON 

We tri ed to pre se nta bro ad vie w o f the mai n activit ies 

o f Resear c h and Development i n coal an d coke ln t he co ntex of 

th e Brazil ia n i ronmaking. Despi t e the limitations of budget 

a nd the diffi cu l ti e s in specialized manpo we r cap a c i tati on for 

t hi s sector, results shown c an be consid ered quite sig nif ica nt 

t hrough t he y e ars . l n a f irst stage, budget was e sse nt ially 

di re cted t o i mplementing the nec essary lab orato r y infra

s t ru ct ure, ma npower cap a citatio n and ad aptation of well- known 

tec hn o•ogies t o Brazi l ian cond itions . ln a second s ta ge , we 
a imed at reduc ing the r.os t of coal ble nd s thr o ugh the 

uti1iz a t i o n o f alternati ve inp•.1ts for cok emaking wh ich is stíll 

a maj o r co ncern for Brazilian inve~ ti ga t o r s . For this 

ma xim um utilization of sof t anci weak cokin g coals i s 

pur sued. 

reason, 

being 

The p re se nt tenderic y of phenomeno l o!1i ca I charac t erization 

of coke f orm atio n and t he rol e played bv operational con ditions 

upon coke pr ope rt ies is a con s tan t con c ern to orient R & D 

ef fort s a nd to direct ~udge t a pp li cat i o ns. He nc e, t he e mp hasis 

which is bei ng given to coke petro g r aphy, t o characterization 

of poro us structure and hi gh t emper a ture properties 3i mi ng at 
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the establishment of new parameters of control. 

Bes ides tha t. the Group tri es to keep the app ropriate 

flow cf information to establish the means to an optimum 

selec tion of coals to purchasing, mainly dueto i ntegrated 

efforts by the different sectors involved in the production cycle 

(purchasing, research, production and quality co ntrol ). 
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CRUDE STEEL 
PRODUCTJON 1970 1981 1982 1983 1984 1985 1986 

{Mtons) 

World (A) 586 .8 707 .5 645 .2 663.4 710.0 719.9 714 .2 

Latin Amer1ca(B) 13.0 27.0 26 .7 28.5 33 .1 35.7 37 .4 
Brazi 1 (C) 5.4 13 . 2 13.0 14 .7 18.4 20 .5 21.2 

C/A (%) 0.9 1.9 2.0 2.2 2.6 2.8 3.0 
C/B (%) 41.5 48.9 48 .7 51.6 55 .6 57.4 56.7 

Relative Position 
of Brazi 1 1n the 209 13Q 139 119 89 79 79 

Wor ld 

TABLE I - WORLD AND BRAZILIAN STEEL INDUSTRY (1) 
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COKE TEXTURE ABREVIATION CHARACTERISTI CS 

ISOTROPIC I From vitrinites with Rst between 0.7 
and 0.8% which form a porous ne twork 
and behave isotropically under 
polarized ligh t and crossed nicols. 

FINE MOSAIC Mf From thermoplasti c vitrinites with Rst 
between 0.8 and 1. 0% presenti ng 
spheri cal anisotropic units of less 
than 2.0 µ m diameter (0 ) 

COARSE MOSAIC Me From thermoplastic vitrinites wi th Rst 
between 1 . O and 1 . 4%, presenti ng 
spherical anisotropi c units of 0 > 2.0 
µm 

FLOW TYPE F From thermopla s ti c vitrinites of Rst 
between 1 .4 and 1. 7%, exh ibiting 
elongated domains of width < 10.0 
µ m (fibers) or > 10 .0 µm (bands). 
Reflect i on of inciden t light varies in 
a way similar t o a flowing fluid when 
stage i s rotated. 

BASIC ANISOTROPY BA Vitrinites of Rs t greater than 1.7% 
originated from non- f used particles 
showing an overall an i sotropy, 
characteristi c of the coal precursor 

INERT I Oomains ori ginated from fus i ni te, 
inertdetrinite and non-fused semi-
fusinite. 

ANISOTROPIC INERT la Domains originated f rom fu s ible semi-
fusinite, micrinite and anomalous 
vi tri ni tes 

PYROLI TI C CARBON PC Origina ted from volat il e matter crack-
i ng ess ent i a lly i n t he free zone of 
coke ovens 

Minerals M Pa r ticles of th e i no rga nic matter 
originally presen t in coals 

Rs t • random ar statistical reflectance. 

TAULE II - BRAZILIAN PROPOSED CLASSIFICATION FOR COKE MICROTEXTURES . 
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CSN 
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FIGURE 8 - SURFACE AREA ANALYSER 

FIGURE 9 - HELIUM PICNOMETER ANO 
MERCURY POROSIMETER 
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FIGURE 10 - RELAXING ROOMS FOR 
BATTERY TOP WORKERS. 
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ANNEX l 

CSN's RESEARCH CENTRE 

Rua 4 nQ 33 - Conforto 
Volta Redonda - RJ 27269 
Bra zil Telex 223 123 CSNCA BR 

6,200 m2 

183 eployees of wh ic h 44 are univer s ity graduate 
researchers ( 24 master s and 2 doc t orate s ), 66 
in te rmediate lev e l technicians, 56 la bo ratory 
analist s an d 17 for administrat iv e support. 
Specifical ly in coal and coke:4 uní ve r sity 
gr aduat e s (2 ma s ters ) , 6 technici a ns and 12 
a nal i s t s . 

Mai n Act i v i t ie s: Abs or pt ion a nd develop ment of new t echnolog i·es 
an d transfe r t o o t her Co mpany de pa rtments, 
providin g the neces sary trainin 9 for theproper 
d is s e mi nat io n o f the t ech nical knowl ed ge; 

I nfra - St r uct ure 

Dev el o pme nt of Re se a r ch Projec t s aimi~ g a t 
ev a luat i on of conventi onal and po t ent i al 
a l t e rnat iv e ra w materi als , i mp r o ving pr o ces s 
e f fici e nc y and develo o ing new processes, 
upgradi ng th e oual ity o f pro duc ts a nd devel opment 
of new product s , developing new anal yti cal 
me th o ds f o r better cha r a c te r ization of products 
a nd r aw ma te ri a l s, proce s s con trol and ener gy 
s a vings. 

Ren der i ng o f t echnic a l s up port to th e different 
de partme nt s a nd to cl ie nt s r ega rdin g sp ecifi c 
pro b1 ems . 

( co ai and Cok e): l ben c h- sc al e f l ot a tio n cell , eq ui pment s for co al 
pr e parat i on an d s ize di s tr i bu t i on a nal ys is, l HGI 
l v o·l a ti 1 e ma t ter furna e e , 3 dr y i n g o ve n s f o r e o a 1 
and 3 fo r co ke , l ash muf f1 e fu r na ce , 1 FSI, 2 
Gí es ele r p l as tometers , 1 Aud iber t -Ar nu di latometer 
02 pol a r ize d- l i g ht mic r os co pe s , l h eati ng stag e 
(1 3509C), 1 mova b l e -wa ll pi l o t o ve n ( 100 kg) , l 
sole -h eated o ven , 2 AS TM and l JJ S drums fo r coke 
st ren gth, 2 CRI o ve ns , 1 CS R dr um, l vo l ume t ri c 
su rface area a nal ys er, 1 Hel iu m pic nomete r, 1 
me r c ury po r os i meter a nd 1 TG A a ppa r at us. The 
Grou p ca n co unt on ot her labor a t ori e s app a r atuses 
s uch as a tomic abso r pti on f o r as h c hem i ca1 ana ly sis, 
eleme nta1 a nal y si s, micr o- s t r ength and s canning 
e le ct r on mic r osc ope . 



Location: 

Area: 

Person nel : 
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ANNE X II 

USIM!NAS RESEARCH CENTRE 

Usina Intendente Cimara 
P.O. Box 22 - lpatinga MG 
Brazil Telex 311334 

10,000 m
2 

352 employees of which 81 ar e un iversity g raduates, 
132 med i um level techni ci an s, 141 anali sts and 
administrative support personnel ; 
Specifically in coal and coke : unive rs i ty graduates 
(1 master ) , 7 technicians and 12 anal ists. 

Main Activities: Ab s orption and developmen t of new technol ogi es ; 
Develo pme nt of research proje cts aiming at: 

I nfra -s tructure 

- ev alua ting and metallur gi c ally character izing 
new raw materials; 

- increasing quality level of pr od uct s and 
development of new ones; 
promoting technical support to cl ien ts in the 
ut i lization of USIMINAS products; 

- keeping tech nical e xc hange with un i versities 
and re searc h institutions and 

- transfering technology and di sseminating 
t echni cal information to other '. dep ar tmen ts. 

(Co al and Coke): Equi pme nts for co al pre paratio n an d size 
distribution analysis, 2 Gi eseler pla stometer, 
1 Audibert-Arnu dilatometer , 1 Chevenard-joumier 
dila to met er , 1 caking index appar a tus (NSC ) , 2 
polarized l i gh t micro ~cop es , 1 CRI ove n, 1 CSR 
drum, 2 pil ot ovens (40 kg) , l movable wall 
oven (40 kg), 3 sole-heated oven, 1 ASTM, 1 JIS 
an d 1 DIN drum for coke st renath, l drum for 
high temperature coke strength and 1 hriquetting 
machine (0 . 5 t ons /ho ur ). 




