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1.0 

FINAL RlPORT ON TESTS ON IRON ORl A~U CGAL SA~PLES 
RECE.IVlD FROM THE GOVl HNr-f: NT OF VIETNAM THROUGH UNI DD. 

H:TRLJDUC1 ION 

United Nations Industrial Develo;:iment Organisation { t.::.r:.;:::;} 

vide their P.J.No.15-4-0098 (Contract Nc.84/98) d~ted 

8.3.1065 awarded to Sponge Iron India Limited(Sl!L) the 

work re!atin~ to investig~tions on the feasibility of 

;Jroduc"tion !:"'f z:~onge iron suitable for steelr.iaking using 

iron ore and coal from Vietnam. The Contract was awa~ded 

in response to +.he proposal for undertaking such a study, 

submitted by SIIL vide their reference No.SI/E&.P/6166/279/84 

dated 12.9.1984. 

In terms of the Contract the scope of work is as follows: 

a) Beneficiation and upgrading of irori ores wherever 

required, to high grade green concentrate consistent 

with ootim~~ recovery/yield figures. 

b) Pelletizing of the green c~ncentrete t~ yield hish 

quality hent herdcned pellets • . , 

c) Investigation wo~k using pellets (vide 't' ab~ve) nnd 

local non-cokin~ coals to produce highly ~etallised 

sponge through direct reduction in rotaIJ kiln coe~otion~. 

d) Pre~ar~ti8n of 3 c~m~rehensive self-contained det~il~d 

re~or~ covering 1 a 1 to 'c' above. 
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Iron Ore and Coal sam::les of approximate quantit~ 

of 100 Kg of iron ore and 70 Kg of coal were received 

from the Institute of Ferrous r-ietallurgy, Ministry of 

Mechanic and ile,;;allur~y, SRV for undert<Jking the ab::ve 

tests. The sam?les we~e received at the SIIL Test 

Ce:r.trc in the :;ecand 1·1eek of r-lay 1 85 and soon afte::.-, 

the tr::;t 1"or1< 1-u:s undertaken. Cn the basis of chemical 

investigation carried out on the samples, it was esta­

blished that no be~eficiation or upgradat1on of the 

samples particularly for iron ore, is necessary and ttiey 

could be utilised for test work, as received. Accordingly, 

the following programme of teP~ work was drawn u~. 

i) Chemical Analysis of Iron Ore and Coal. 

ii) Dcterminntion of 'hysical ~harac~eristics ~• 

iron ~re ~nd coal. 

iii) Study of ash f~cion characteristics of rcductant 

viz , coal. 

iv) Determination of reactivity of coal. 

v) Reducibility Tests. 

• •• 3 
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2 .1 .2 

2 .1 .4 
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TEST JBJlCTIVE.5 

The prime objective of the 9cnch Scale Tests wc.s to 

determine the suitability of iron ore and coal su~:lied 

by the Government of Vietnam under Project ~o.SI/VIE/04/301 

for production of highly meta~lised sponge iron suitable 

tor steelmeking in Electric Arc Furnaces. The ~ests 

ca:ried out end their objectives are summarised below: 

To analyse the iron ore chemical~y in order to determine 

its suitability with regard to Fe-total, gangue end other 

cons~ituents, tor sponge iron production end for subsequent 

processing in Electric Arc Furnaces for steelmaking. 

To determine the cold strength of the iron ore and its 

resistance tn abrasion, impact and other handling methods 

using the shatter test apparatus. 

To dPtermine the decre~itation and reduction behaviou: of 

the iron ore durinQ reduction under standard test c=nditi,ns. 

Chemical Analysis of coal to determine fixed carbun, ash 

~nd v~latile matter and al3o detailed anely~is of ash in 

the coal. 

To determine the rgactivity of the coal ond to predict 

the optimum material beu temperature to e~sure the de~ired 

degree cf reduction. 

.. •• 4 
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To study the esh softening and fusion characteristics 

of the coal to predict optimum op~rating temperature 

in the rotary ki~n. 

• •• J 
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iE CHU C;.L RE. ili !Rt f·I. r~T CF RA'.~ 1.;p, TE RH.LS 

Iron Ore, Coal and Limestone are the basic raw mate­

rials required for the ;n-~duction of sponge iron in 

the roi: ... ry kiln process based on 100% coal oper~tion. 

As the manufacture of sponge iron in rotary kiln is 

sensitive to the characteristics o~ the raw materials 

with regard to size districution and other chemiczl 

~arametcrs, bench scale testing forms the first 

essential step in determining the suitability of any 

ore, coal and limestone combination for the ~reduction 

of SDonge iron suitable for Electric Arc Furnace steel­

making. 

Iron Ore 

Iron Ore should have as high iron content as oossible, 

oreferably above 62% with low gangue com1onents and 

low levels of impurities such as sulphur and phosahoru~. 

The requirement of high iron content in ore ari3es from 

the needs of the process of conver~ion of sponge iron 

into steel in Electric Arc Furnace. The higher iron 

level in the ore gives rise to higher total iron in the 

~reduct and consequently higher liquid metal yield in 

Ele~tric Arc Fu:naces and minimum iron losses in the 

slag. Low levels of gengue are required as tha=e is no 

removal of gangue in the direct reduction process. 

Further gangue requires additional melting power and 

appropriate limEstone additions to remove it es slag in 

the steelmaking stage. Based on the operating experience, 

total gangue below 6~ would be desirable in the iron ore 

with silica being less than 3%. The Sulphur znd ?hcs~hc:us 

contents Dre also of ut~ost importance while selecting 

••• 6 
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the ores ::ee:Jing the S!'Jeci fication ".Jf the stE:c ls to be 

~reduced in view. 

Suitable precautions are to be taken for desulphuri­

satian in the rotary kiln, as sp".lnge iron tends to 

ryick u~ the sulphur from coal in the absence of de­

sul~huriser. Phos~horus leVl'l in ore assumes irn;orta~ce 

2s the ~hosphorus in the ore is retained in the sponge 

iron withcut any change during the reduction precess. 

Evcnthough it is desirable to limit the phosnnorus 

below 0.06~ in the ore, it has been obse:vcd ~hat 

~hos~horus levels could be tolerated uptJ 0.12~ in 

s~onge iron. It has ~cen re~crted that phos~horus is 

in the oxiue form i~ the gangue matrix and is absorr.ed 

by the slag at lower oxiuising potential and at lo~er 

bQsicities in Elec• :ic A:~ Furnaces. A~art from the 

chemical characteristics as above, the iron ore has to 

satisfy certain minimum requirements ~1ith reg2rd to 

physical strength. Shatter, Tumbler and ,;brasion inC:ices 

give an indication of the ~nysicol s~rength. 

Based on bench scale tests of different ores and stucies 

on the decre,itation behaviour in the Ro~ary Kiln ~f 

the Sl!L Plant, it is noted that shLtter index of i~on 

ores should not be less than )5~. In a~dition to the 

ohysical strength, the decre~itetion behaviour of the 

ores durin~ reJuction is of s:ecific imnorta~ce fer 

rotary kiln c~crationc as the fines generated during 

reduction form low melting corn~ounds with the co~l ash 

and stick to the refractory lining of the rotarJ kiln • 

••• 7 
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It •:/Ould be desirable to have less than 5 to 7 :.ic=cE;nt 

-1mm fines in the product. The ore shoulu also nave 

good reducibility with coal to be suitable for use at 

the kiln operating temperatures. Reducibili~y index 

of the order of 94 to 96 per cent tested at a tempera­

ture of 1oao0 c is found to be optimum to get metallisa­

tion level of 90 to 92 per cent at the kiln operating 

temperature. Reducibility index lower than the above 

value will adversely affect the throughput of the kiln. 

The main chemical characteristics of the coal which . 
influence its suitab~lity as the reductant are reactivity, 

~roxi~2te analysis comprising of fixed carbcn, ?.Sh ~nd 

volatile matter, melting characteristics of coal ash under 

reducing conditions, the total sulphur and the different 

forms of sul~hur present. Coals of higher reactivity are 

preferable as they permit the operation of the kiln at 

lowEr temperatures and at high throuch~ut rates. In general 

coal reactivity should be of the order of 2.2 cm3 of CD/sC 

Sec. The ash in coal should be a~ low as ~ossible as it 

occuaies the effEctive kiln volume reducinc the soace . ~ 

avail.:?:;le for iron bcnring ma~erials. The ash cLJ:itcnt in 

coal can be tolerated upto a levEl of 25 ~er cent for use 

in rotary kilns and any increase oeyond thi~ level will 

reduce the throughput c~~acity. The volati~e matter in coals 

should be of the order of 30 ~er cent so as to heat the 

iron ore to the reduction tem~erature within the shortest 

possible time. The fixed carbon s~1ould be of the order of 

40 to 45 ~er cent. 

• •• 3 
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The melting characteristic of coal ash is of utmost 

importance while eveluating coals for direct reductian 

a•plic;:ition. As the coal ash forms lcw mel~ing c:im.Jounds 

with sponge iron finEs, it is desirable to havE softenin~ 

~~int of coal ash in excess of 1160°c under re~ucins 

conditions. The kiln O"Jerating tempe:::-ature in the recuc­

tian zone is so ch:isen that i~ ~~ lower then the ash 

softening ~oint by 10C - 1S0°C to minimise the farmati:in 

of a~cr~tions. The sulphur content in the coal, in the 

farm of organic and inor9anic corn;ounds, also m~:its 

carerul consideration~ ?art of the inorgcnic sul~hur ~ets 

volatilised in the orc-neating zone of the kiln and increJscs 

the sul~hur load in the waste gas system. Urganic sulphur 

t~nds to get released in the ~educ~ion zonP along with the 

utilisation of carbon and gives rise t~ sulphur pick u~ 

in sponge iron in the absence of desulphuriser. In short 

the total sulphur in coals should be low, prefer~bly below 1%. 
H~wever, coals having high percentage of fixed carbon like 

anthracite, could also be considered es reductant throu~h 

blEnding with bituminous or sub-bituminous coal so that the 

re2ctivity of the coal blend improves. Alternatively, 

such cocls could also be used by maintainins higher ope­

rating temperatures when the rcactivi~y of the coal imoroves. 

The related problems of ash softening and subsequen~ fusicn 

at higher operatins temperatures are absent if the ash 

content is lo~~. 

limEi§tgne 

Limestone is used in the process as a desul~hurizer as 

tne coal used for reduction contains sul~hur. Limestone 

con~aining as average of 45 per cent CaO has been observed 

••• 9 
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to ~e adequate for this requi=e~ent. The size dis~ri­

buti=n of limestone also needs to be considered as it 

is ·:Jbserved that the desulphurisi11g ability cf TinEly 

granuiated limestone is very sood. The sizE range of 

1 to 3 mm is faun~ to be very effective in rotary 

kilns. 

••• 1 0 
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4.1 Chemical Analysis of Iron Ore Sun;::les 

4. 1 .1 

4 .1 • 3 

4 .1 .4 

The iron ore sarnple3 were analysed for the ccnstitucnts 

such as Fe-total, FeO, Si0
2

, .~.12 0 3 , CaQ, t·igO, 5, P ur.d 

LOI. The cher:iical analysis was co:rrieci out a:: per 

st:ind·:ird proc:edure~. The results of the; ch<:i7:ical 

analysi3 of th~ iron o:e sarn~lcs a~e p:esentcd ~n 

Tuble - 1. The an.:lysis of t.h:: iron ore indic::te::; t~c: 

pre!:: ence of high'?r percrmt29rJ C'lf Fe ++'arid consecucritl11 . ,, 
the prescnca of ~agnetite. This would however re~uire 

to be recorfirmed by ccnductin; minercloQic~l studi2s 

~1hich can be performed on the s ar:i;::lcs to :ie =~ c~i"J"d 

for tonnage sc'1le tes-;;s sub:Jequcntly. 

Chemical unalysis of iron ore sample incic~t~d that. the 

iron content is in gene:::.:il high. of the orc:er of G7;~ 

and the ore as such does not requirs any baneficiati=n 

or upgradation. 

Gan:Juc con~ 

The g.:Jngue content in the arr. Silm;:ile is 2.62;; in W'icn 

of Sio
2 

accounts for 0.7% only the balance bcinq ~12 0 3 • 

It is considered that the low Si02 level would be 

beneficial in Electric ~re Furnace ~teclm3~ins. 

Impurities 

The impuriti~s norrnully pr~:::;ent in iron o:e like sulphur 

and phosphcru3 are n~gligible in the s~mples rc~~ived 

~n~ as such the ore i3 extr~mely suita~l~ for ?radwcin~ 

high quality and special steel. 

• • • 11 
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4.2.2 

4.2.3 

4.,.4 
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The loss in ignition is also on the lower side which 

further suostantiates that the ore is of su~erior 
quality and suitable for s~onge iron manufacture by 

Direct Reduction Process in a rotary kiln. 

Phy .;ical Tests 

Shqtter Tests: 

The shatter tests indicate the cold strength of the 

material for its resistance to abrasio~, im~act and 

handling. The: shatter index of ·;:a. 3~' estc::lishes that 

the ore is of hard ty~e and can withstcnd ~ulti~le 

handlinc;:. 

~ulk Density: The Dulk Density of the ir::m ore is 2.1 T/r.P. 

Screen Apalysis: 

The scr~Ln analysis of iron ore as received is at 

T able-2. 

Jbermal ~egradation Tests 

The Thermal Degradation of ore is definEd as the fragmen­

tation and breaking uc ~f the ore when subjected to 

heating to a temnerature of 700°C and cooling in the 

presence of air. The thermal degraca~ion index of the 

••• 12 
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iron are under dynamic conditions is of greeter signi-

ficance in the rotary l<iln ;:iracess. The test conditiJn:3 

for the dynamic t~ermal desr~detion test are ~resen~ea 

at Annexure-1 and the test results are furnished in 

Table-3. 

The thermal dei;radation index is 9. 7S .,,:1ich fur!her 

confirms the suitability of the iron ore for use in 

rotary kilr. for direct reduction. 

The ~roxirnate analysis of the coal sam~les was carried out 

as per the standard procedure. The average results of the 

analysis are presented in Tab . .&.e-4. rro1n the table it 

could be seen that the volati:e matter is only 4.21 per cent, 

fixed carbon is ~0.19~ and ash is s.6~. rrom this, it is 

observed that the coal is of the anthracite variety. 

Sulphur content 

The sulphur content of the coal is one of the imaortant 

characteristics f~r evaluating its suitability as reduc~~nt 

for direct reduction of iron ores. The sul,hur in coal is 

normally composed of inorganic/~yritic sulphur, sul,hate 

sul~hur and organic sul~hur. The presence of organic 

sulahur contributes ta sul~hur picku~ in s~on~e iron in 

the absence of desul~huriser. The ~otal sul~hur in the 

coal sam,les was analysed ~Y gravimetric ~cthod as ~er 

standard ;:irocedure. The different f·Jrms of sul;:hur in the 
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coal ~ere ~lso analysed and thE results are ~=esen~ed 

in the Table-4. The total sul3hur in coal wcs less then 

C.60 ~er cent which is well within the nor~al ranee 

indicated for coals for direct reduction ~ur:ioi:e. 

C2lo:-i fie 'Jc~lue 

The average net calorific va!ue of the coal semJles we~ 

observed to be of the order of 9700 K cal/Kg which is 

considered more than adequate ror the s)ecified pur~~se. 

The calorific value of the reductant was deter~ined in 

an Adiabatic 3omb Calorimeter. 

Chenicql An~1ysis ~f the coql ;sh 

The chemical com~=sition of the coal ash influtnces the 

s~ftcning characteristics of the coal ash. Hisher concen­

tr::t.ions of silica end CJlumina <ire gcncrc:lly c:i:sociated 1::i th 

higher softening temoeratures. However, hi;her concen­

tration of iron oxide in the ash lowe:s the softening ~oint 

considerably. The analysis of coal ash far the determination 

Siuz, A120 3, F'ez03, CaO and r·:gD was q.1:::-rieu out <ind the 

recults are ~=esented in Tc:ble-4. The recults of the 

chemic~! enc:lysis of the coal ash indice~e that the ash is 

acidic in nature, with silica accounting far 49~. 

t·ielting Characteristics of the coal uh 

In the Rotary Kiln Process the kiln is to be o~erated 

normally at e temperature of 10S0°C to get the desired 

degree of reduction and this requires coals with relatively 

••• 14 



4.J.6 

: 1 4 

higher aEh saftenins tcrn-:-er;:tu=es of the ~=~e= ~f 

1 C0-1 sooc <:bave t~1e kiln 0:1eratir.g tern~'er;:':u:cs. 1;,e 

~elting charocteristics of ~he eccl ash is deter~ined 

in a UITZ HlATir,G :·:I:R_jSCJPE and the aoints of i:n'.1o:tc:nt 

obse:v2tion ore the ~Jftening or the initial defcrm2tion 

~oint, the rneltins o= hemispherical ~oint a"d the flow 

ooint. The behcviour of the ccal ash was fo~nd t~ ~e 

eytremely sood and the softenin:.; ::iaint itzel..f •.-:zz !Jtse:•Jed 

to be: rr.ore than 1scc0c. The test results of the rneltin~ 

behaviour of ~he coal ash are given in Table-4. The 1;,a-:0-

sro-:-hs of the Leitz Heating i·iicrosc;:ne and the vzri::us 

stcges of the scm:Jle during ash fusion tezt is siio~m <;t 

?l.;tc i, 2 ?.. 3. 

Re~ctivitv of the Cocl 

Rea=tivity of the coal refers to the amount end the r2te 

of c:::rb:::n monoxide generation tnroui;h '::he '::ell !;no;:n 

Jcudouard reaction. This is an im;~ort<:nt fcc":or in the 

rotcry kiln o~erationsGince the: generction of carb:::n 

monoxice required fer ~he reduction of iron ore is 

forrnEd in s. :u and is a functi~n of the tem~er2ture in 

the kiln. The re2c~ivity of the co.:l is determined by 

the weisntloss method. The test results carried out on 

the coal give the r~activity a~ a.a c~ of carbon monoxide 

per gram of carbon per second. This value es compared to 

normal bituminous coals is low and therefore, the use of 

this coal for reduction calls for a higher oper2ting tempe­

rature so that metallisation of the product is satis­

factory. This csoect hDS been amoly confirmed in t~e 

reducibility tests described in the next ch2~ter of the 

re~ort where higher ooerating tem~ersture enc lenser 

retenti~n time ~9VC be~ter levels of ~et2llisation • 
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~l:crn=tiv~ly the reactivity of coal can b~ i~proved by 

suitably bl2r.ciing ~ith bituminous er sub-bitunincus coQls. 

<!.;;. ·..:.J:..iCLIUTY E5TS 

4 .4 .1 

4 .4 .2 

~~e reducibility t~sts were ccn~ucted in an al~ctric3lly 

heat ad labo==i-':ory rot.'.!ry furnace. The ;::hoto~raph of 

w~ich is shown at Plate - 4. The results of tests ~n 

Vietnam O::e in combinwtion 1·1ith 1Ji3tnarr. C.::!2.. at sta:'lr'.ard 

1·1ith reter.tion tim2 3 ;iou:-s and at :i reciucticn t~::i~c::::..:-:.u=e 

of 10S0°C with ret~ntion time 4 hours is sho~n at 

Ta.:le - 5 ~ 6. Compcritive test~ carried out on th~ i:::on 

ore sample f=om victn~m with local ccal (Nanuguru coal of 

Singareni CollerieG) is at T3bl~ - 7. It can be se~n 

fro~ the reducibi:ity tast r23ulta thct fer ~ictna~ cc3l 

thr =cqui:::~d 1-:.v~ls cf m2t3lli~ati~n wher~3G i~~ lcc~l 

coals, lower op3r~ting t:m~cr3ture cf t~e o=~~= cf 1:~0°c 

rnctel!is~-ticn. Th.: t<?St3 est::blish 0 -- .. (""' - · ... -....J 

Jecre:it~ticn 3ehavicur 

The d~cre?it~tion bchdvicur with r~g~rd to ~en:r~~~on 

of -1 mrn fines in the product was extre~sly good (only 

of the order of 4~~). The 1-3 mm ~in.os :"r<Jcticn wa:; of 

the order of 15-20'1.mr.i and as such th~ ore c::in b~ ccn:;idered 

ideal from the operation pain~ of view for dir:ct rejuction 

in a rotary l:iln. 

Process Degr::idation Index 

Lie pr::.ce::.s ;:;egrad:.:tion indc;: of iron o::e .,.,, ich i:; a~;:;u-:: 

30,~ is extremely S:-Jti:;; factory. In :::e:;pct of coal it i:; 

26.5~~ which is rca:>onable. 

• • • 1 6 
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F=-Total, F~-~etallic and degree of m2tnlli~n~i=n 3::~ 

i.nt;ic:;"!:ed iJt Tub.le - B. Fr::,;;; the table it can '.;;c scEn 

ti•.::-.; the dcfJree of m~tallisatian for ~i,~her size f:;:.:::::-:ic:i 

is rt;ascnably 'JOOd \•Jhich i:i indicati,1e of th~ c!"':~:ac~~=-

. .. . .c 
:: J.'.; v l. C 0 I the ore and it alsc ccnfiI~S 

f=~cticn~ of ircn o-n cculd be used in ~h~ Ui=~ct R~Cucticn 

P~CC;:?~S. 

.kv::l~ ar:: ncgligi:Cle and thc:;:e i~ ~c ::!p~r~c.i.=:bl2 pic'.:u;:i 

of sulphur duri.n~ the rec..'.•Jcticn p::or'.:!SZ. 
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CONCLUSIONS AND RECOt~!'-'£NDATIONS 

From a review of the bench scale test results, it is 

observed that the ore possesses good reducibility 

characterist.i,cs. This has been confirmed when reduci­

bility tests were carried out with l~cal coals when it 

was possible to achieve good metallisation levels avera­

sins 95%(with nnly 3 hrs. retention time at a temoerature 

1000°C). However, this could also be en account of 

better reactivity of local coals. However, in res,ect 

of the test results carrie~ out with Vietnam coal, it is 

observed that higher operating temperatures are required 

to be maintained to achieve the desired !evels of meta-

llisatian. 

Coal sam~les are of anthracite type and com~a:a-

tively less reactive. In order to achieve oetter reduction 

it is necessary to ooerate at higher temoerature of the 

order of 1100°C with lenser retention time and also i~creasec 

r.uantity of coal. This is confi~med in the test re~ults 

where with a reduction temperature of 1050°C, retention 

time of 4 hrs. a carbon(fix)/iron ratio at 0.7, ootimum 

results were obtained. As ash fusio~ temoerature of 

Vietnam Coal is considerably high (above 1500°C) there is 

no danger of ash fusion and consequent operational ;roblems 

when higher operatin~ tem~er~turcs are ai~ed nt for achie­

ving the desired level of reduction. In view of this, it 

is possible to use anthracite coal satisfactorily for 

reduction ~urooses exceot that a higher carbon fix/iron 

ratio would have to be maintained for achieving the desi=ed 

metallisation. Alternatively, through blending bitu~inous 

coal to an extent of aoout 20-30% the desired results 

••• , 9 
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could be obtained. ihis can be confirmed in a tonnuge 

scale test in w~ich injection coal from the discharge 

end of the kiln cou~d be of bituminous variety the feed 

coal ceins similar to the ~am~le supplieu for the 

Laboratory Scale Tests. 



Ts;:b le-1 

CHE. :HCAL .~.NALYSIS IJF IROf.J DRE 

Constituent -------------------------------ht 2nd Ave 
~ " ~ 

Fe-Total 67.02 67.02 67.02 

Fe++ 9.77 7.26 s.sz 

FeO 12.57 9. 34 • 1 c. ;s 

Fe 2o3 81.85 J5.44 83.64 

SiDz o.65 De 75 0.70 

AlzD3 1. 79 2.05 i. 92 

CaO + risO Traces Traces Traces 

Sulphur <.U1 <~01 <. C1 

?hos?horus D.042 D.042 

L .G.I 1 • 14 1. 55 1.35 



Tgble-2 

PHYSICAL DATA 8F VIET~A~ ORE ~ COAL 

AS RE. CE Il/E.D 

Size Ore Co el 
~ '"' .. 

+20 12.BO r:il 

+15 40.46 o. 98 

+10 46.4~ 43.93 

+8 u.32 28.85 

+5 1e.36 

+3 4.93 

+1 2.62 

-1 0.33 

Total 1 oo.oo 1 ao.ao 
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Ts;ble-4 

?Ri::PUlTIL.5 JF RrnucT.n.NT - VIE.n:Ai·T CiJAL 

?:-oxim=>te An" lvsis (% Dry) 

Ash 

'J. ;.J 

F.C 

T:J tal 

F~r~s of Sul~hur 

5.60 

4.21 

90.1 9 

1(10. 00 

urgDnic Sul~hur : 0.523 

?hyritic Sulphur: 0.050 

Sulphate Sulphur: O.C17 

Total Sulphur D.59 

Net Calorific Val ye : 9703.14 

Ash Analysis 

Si02 
49.00 

CaO 2.35 

MgO Traces 

Al2C3 33.02 

re2o3 5.59 

K20, No20 and 10.04 
othP. rs 

Melting behaviour of coal ash 

So: :ening point oc • above -. 
Melting point oc II 

Flo\'1 ooint oc II 

Reactivity 
. a.a cc . 

Keel/Kg 

151,ooc 

of CO/g of c 



, I 

Ore aVIETNAM 

-~~·--~-~-~ 

Sl .No. r.et 

" 

SUMMARY Of SALVIS KILN TEST RESULTS --..-....- - -----
Reduction Temp. 1000°c 
Reductant: Vietnam Coal 

. --·-----. 
R. I. 

Decrepitation Behaviour 

-------------------------1 mm -Jmm -5mm 

Tab.II::-5 

Retention Time - Jhrs. 
C/f e: o. :> 

------- Kiln discha1 
Process Degradation 

-------------------------Oxide feed Reductant 

1 • belo~J 50 

~--------~----~~·----~~--~~ 
30.~-----37.39 -----;7:1;--- 42.42~ 16.CJ 

M~g Non-mE 

-------- ,r.--
55.27 44.i 

2. -do-

3. -do-

--------------------· 

/ 

15.15 

12.39 

29.54 

26. 55 

35.60 

35 .40 

43.70 

42.06 

42.02 

24. 71 

58.15 41.E 

47.BB 52.1 

·---------------------------------------------------------------------



Jab le-.J. 

RE5ULT5 Of TE.5T5 [f,RRIE.D OUT HJ L.11.:iDliATOflY AOTanY FURl~ACE 

Ore: Vietnam Aeductant : Vietnam Coal C/f .. a. 7 

----------------------------------------------------------------------------------------------------------
Aedu- Decrc~itetion beh~viour Process degrn-

~~ of ~~ of 
Sl. Ho. Temri. Time Meta- ct ion 

-1mm -3mi.1 -5mm 
df.ltian 

fb9'1e-oc (hrs.) llisa- Index Oxide f1eductant non-

ti an 7' % •' fc:f:d i 
tics magne-

cf 
,. 

•' 
ill % tics ... 

---------------------------------------------- -----------------------------------------------------------

1 • 1050 4 93.00 95.oa 1. 71 13. 68 1B.B1 21.oe 30.32 60 • S14 39.06 

2. 1050 4 66.00 90.17 4.46 19. 64 26. 78 32.01 29,4 J 55,56 44.44 

J. 1050 4 89.00 92.28 4.0B 24.47 34.69 30.50 20.13 56.00 44.00 

Average 1050 4 89.33 92.51 J.42 19.26 26.76 30.79 26.63 57.5 42.50 

------------------------------------------------------------------------------------------.. --------------



·' 

Tnb le-7 

RESULTS OF TE.5T5 CARRIED IJUT rn L"1t0RATDRY fluTAAY fURr~ACl 

Ore : Vietnam Reductant : ~onuguru Coel C/fe :: O. 5 

--------------------------------··---------------------------------------------------------------------------
Decrepitation behaviour Process Degradation r' f ,1 f 

• d .~ 0 ,. 0 Sl.No. Temp. Time Mete- Re uc-
11 ( . . . · agne- non-0C hrs.) llisa- tion -1mm -Jmffi -Smm Oxide Reductent t' 

. ,, ics magne-hon Index % % ~~ fE:ed ~ t. 
~' cl cl l.CG 
,'O /Q ,~ ------------------------------------------------------------------------------------------------------------

1. 1000 3 96.QO 97.19 4.62 21.44 30.79 36.40 40.25 56.32 43 0 68 

2. 1000 3 96.00 97.19 4.24 20.34 2B.B2 33.86 45 0 86 59 0 90 40 0 10 

3. 1000 3 94.26 95.97 6.35 19.09 26.90 32.98 40.13 63.32 36.68 

Average 1000 3 95.42 96.78 5.07 20.29 28.06 34.41 42.0B 59 0 05 40 0 15 

--------------------------------------------------------~--------------------------------------------------

" 
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Jgb le-B 

GRAHJ SIZE\-iISE AN/1LYSIS (1050DC 4 hrs.) 

Yietnom Ore + Vietnam Coal 

E~Ul [c,1·1ct 1 ) f·!lhllisation 
% % " 

-1 mm 66.01 75. 35 a1.oo 

+ 1-5 111m 90.40 83.69 n.so 

+ 5-10 mm 92.15 63.89 91.04 

+ 15 mm B7.1 3 74.93 aG~oo 

PR OX I i·IATl A~Jf,L YS IS Of COMPOSITE.. Not~-MAGt.i Tl CS SAMPLE 

VM 

" 
1. 31 

Ash 
cf ,a 

24.44 

FC 

"' 
74.25 



CHEMICAL ANALYSIS OF SPO~GE IRCN 

Fe-Total 94.11 

Fe {metallic) 87.88 

r-~etallisation 93.39 

feO e.01 

Si02 . 1.02 . 
Al203 2.2s 

Phosphorus 0.046 

Sulphur '.-.01 

CaO + MgO Traces 



annexure - 1 

THERMAL DEGRADATION OF IRON ORE(DYNAMIC) 

(A) Raw Materials Requirements: 

i) Chemical Analysis of iron ore 

ii) Screen Analysis of iron ore 

(B) Test Conditions 

Chrrce 

•,·/eight of ore 

Size of ore 

furnace Conditions 

Temperature of 
furnace of feeding 

Heat up time 

Test Temperature 

Testing of period 

Sample Coaling 

Furnace Atmosphere : 

1000 gm 

6-20mm 

Room Temp. J0°t 

120 minutes 

700°C 

120 minutes 

Furnace Cooling 

Air 

(C) Thermal Degredation Index expressed as percentage 

of (-Smm) fraction ~roduced in heat sample. 



SPONGE IRON INDIA LIMITED 
TEST CENTRE 

LIETZ HEATH:G ~·lICROSCOPE 

··~---..-ons PLATE - 1 



SPONGE IRON INDIA LIMITED 
TEST CENTRE 

ASH FUSION CHARACTERISTICS - VIETNAM COAL 

11/'flll'f lll'i'"'I"" ""!""I I II I I' I I I 1 •111111 II\" II II\\\\""\"\\\\\"\. 2 1 0 112 1\5 ., 

------ -------

"'l"f/lll'f ""/111;111111 '"'I',,, I'''' I'''' b'' '\' '' ',\~' '' \'''' \' '' '~\' "\•c 

--- ·--- . - -----

Pl..ATE-2 



I ·, 

SPONGE IRON INDIA LIMITED 
TEST CENTRE 

ASH FUSION CHARACTERISTICS - VIETNAM COAL 

PL.ATE-3 



SPONGE IRON INDIA LIMITED 
TEST CENTRE 

LAo011ATCRY RCTARY FURr~ACE 

~ffl$ 

~· -- . . ;:1 -;i a . - --

PLATE.-4 




