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FINAL. REPORT ON LABORATORY 
CONDUCTED ON ABUBHAl..A6A IU'IENITE 

CENTRE 

REDUCTION TESTS 
SAl'1PLES AT SIIL 

1.0 !~DUCTION 

1. 1 United N3tions Development 
Grgani::::ation <UNIDO> 1_1.nder the F'roJect 
No.XP/EGY/90/018. "Laboratory ~nd Bench Scale 
testing of Abughalaga Ilmenite o~e for 
metallurgical processing ':..:t ti ~;an i a :; lC!.•.J 

a.warded the 
3.nd 

test low phosporous Pig Iron" 
work to sponge Iron Indla ~1mited (SIIL> vide 
their Contract No.90/118. The contract was 
~H-E\rded 

SIIL vi de 
dt.02.05.1990. 

their 
to the proposal 5UDmitted by 

letter No.SI/E&P/R0/129/90 

1.: The tata: project work is divided i~to two parts 
viz. Part-I Production of Pre-reduced Ilmenite and 
Part-II Production of Titania r1c~ slag by 
electrosmelting. The first part of the work i.e. 
production of pre-reduced Ilmenite was entrusted t0 
SIIL Ccontractor-IJ and the Second part 
el~ctrosffielt1Gg of the prereduced ilmenite for 
production of titania rich slag ~nd raw ilmenite 
was awarded ta M/s. Titdnium Institute, Zaporo::::h~e, 

USSR <Contractor -II}. 

1.3 In te~ffis of the contract the scope of wor~ or SII~ 
(Contractor - I) i·::; as fol lows: 

1. -.. 3. 1 To carry out l3borat0ry/bench scale ~re­

reduction testing (with coal as solid 
reductant) of one ~haracter1st1r ilm~n1te 

sample (about 600 Kg.> to ilmenite sponge 
[;'."'.)n (d>:.>gree c.f .w~ta.!. i::3.t; uJr: a.t l.:-3.st 8(;::; 
3uitable for consequent electrosmelting to 
ti t . .:\ni-ci r,c.~. ,l.3.•~ .~'.id pig i;'>:.m. 

1.3.'2 To determine the technical parameter5 of 

. - -1 • _, •.. 

th@ prP-r~duct10G proca3~. 

consumpt1on data and quality/yi~ld 
f~.n~j r·~pGt"'~; • 

·;;pc:!·:: l ·fl·:: 
of t:f•e 

•o pr.=:-p,.,r~ a F";·cgr·e55 Techn1._··a: ~:epc•·!; of 
the results from the te3ts whith as5~~sment 

.~nd ,:.,.:inr:L.1:;.;on ,:;.t>c•_1t "'°"'J.l:at.Jil1t·f of t1"1e r~;'1 

materi•l for direct reduction. 

fc; ·~.;Jll..!'--*tl·.Jr·, :.if t:h•i! .:ib1:i·.;e 5C.D1.J~ i::·~· 
services, th~ ~ontractor i5 required to 

fol. i.0L~1ng m.:;.in ~··.t.:.v1.t.1e-;;: 

1 
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a! C3rry1ng Q~t laboratory phys~co-chem1ca~ 
and mineralogica! ~nalysis of the 
c~aracterist1cs ilme~1te ore sample C61)Q 
Kgs.) according to Contr~ctor·s methodology. 
Te·:hnical 
redLictant 
r~ductior. 

and che~~cal analysis 
<coal) to be us~d in 

tests. 

c;f the sol-;.d 
the •jirect 

bJ Carrying out laboratory/bench scale 
Direct Reduction testing with the ilmenite 
c;re :;a1np le ac·=•:irdin•;i to C.:Jntr·actor '-~ 
technology ar.d methadology. the c::ir.tra.c tor 
has to be in possession of apprcpriate 
laboratory and bench scale facilities proven 
fa~ deterrn1naticn of all technical process 
parameters, specific consumption data and 
product yield and quality. 

c) Preparation and transportation of the 
pre-re0juc:ed il.nen1te ore sampl•: (3.oout 55(• 
Kgs. i I men i te sporn;_,e i ran i ha.s per "b" 
above to the testing facii1t12s oi 
contractor No.2 for electrosmelting. The 
sample has t0 be acompanied by appropri3te 
technical charcteristics certificate. 

d) Preparat1cn and subm1ss1un o~ 

technical reorts with all tests 
proqrE!::;s 
results, 

techno-ecanom1c calculatl0ns. appraisals and 
•.:one I us ion. 

F.3rtic1;::iati:m 1n frnal ev.aluat1on and 
review of testing results and discussion on 
pr·o9re,,;:; report;., tn Eqypt t.:>gether w1 th 
consultants from contractors No.2 
<Electr.::;:;,nelting te5t·;;} and UNIDO"s tn.ck­
stopping profe~sional staff. 

l. 4 60C f~gs. of raw i l.n2n l te was rece1 ·..te(! from 

1. 5 

Government of Egypt for undertaking the reduction 
t~sts and produci~g pre-r~duced ilmenite. The 
samples were receivEd at SIIL Test Centre in 3~d 
N~~~ of May, 1990. 
suitable no"-coKing 
the :.;'ter 
detailed si::hed1..!le 

~5 per the dLrect1ons of U~!DC 
coa. l wa.s 1_1.:;ed <lS r-ed1_1.c tan t f>;1t' 

re~dlpt of 1lm~"1ta ~i~~le. 

of test work was drawn and 

This report d1scus~es the det~ils 
·=·:>nd•Jc ti:.~d ~~n ~.b,_tqh.~ ~ a.g .. J i J m~n 1 tao 
comb1ndtiuon with Manguru coal of 
Col l~r 1e~.:;, 3.<:i ;·'·=:·rJuct;ant;. The repcwt :~;_-=j.:.J 
the optimum test conditions as alsu 
t'>?:;•_\lt'" cf hol;!; J.::i.brJ,..at, . ."Jr'/ rrJt:H··r fr .. ~l'r.-3Ce 

•Jt'E ... 

S1ngdr·-=.-n l 
t. rR,,j r. ,~: . .:; t~:, 

the test 
3nd s .... ,;~w ~; 
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rotary ~iln test3 cond~c~ed at SIIL ~e5t Cen~re on 
this set of raw materials • 



2.0 TEST 08.JECTIVE 

2. 1 Th~ prime obJec~ive of the test i .:; 
determine by laboratory and bench scale testing the 
su1tabil1ty of Abughalaga _lmen1te ere and 
av·a i la.b le co.3 l <Ma.nu.guru) as reduc tant for 
producticn cf pre-reduced ilmenite 
Reduction Process and to assess the main 
parameter5 and product quality for 
processing. 

by Di rc;c t 
technical 

2.2 ~eeping tn ~1ew the above prime objective and the 
scope of test work, a detailed schdule ~f test work 
was drawn up w~ich is enumerated ~elnw: 

2.2.1 To analyse the Abu.ghalaga 
c~e~ic3lly ~o determin9 
c0nstituents like Fe, Ti02 
t r.=tiTip el e!11en t:;. 

I l mer; i te sa1-:-1p le 
its \~'~.r ic;i_t-=; 

a.nd other 

2.2.: To determine physical properties such a~ 
petrola~ical studies 
analysis, Bulk Density, 
in•jice·:; etc. 

of ·sample, 
shatter and 

-~creen 

tumbler 

2. 2. 3 To C3t'ry out reduct inn tests in Laboratcwy· 
rotary furnace to ascertain the reducibility 
characteristics 0f the ilmenite •re and to 
determine optimum test parameters. 

2.2.4 ;o urodu;.::e pr·<;;;-redu.ced ilmenit.:i 
rotary kiln and to determine the 
parameters a~d product quality. 

4 

in sr,ort 
technical 



3.0 TEST 11ATERIAL 

_ .. , Ilmenite 

.SC)t)f{.~·5. Crf 

Government 
Raw Ilmenite Ore ~as received from 

of Egypt. The chemical analysis and 
phys1Lc<.l 
Ilmenite 

properties ~f the as received samples 
ore , as analysed ~t SIIL test centre 

of 
are 

gtven at table 1 & ~ 

3.2 COAL 

Ccal from Manguru ~1nes 
Company Limited which is 
fc1r p ~ .. •:J 1j1_t~.: "!: i L.-, cif ~·p ;:Jnge 

redu.c t a.n t in 

·J~ Si~~3~~ni Caller1es 
being used 1.1 SI IL pL.,:.nt 
[•"an h~~ been ·::c1n·::; id~="'e·j 

The 
c~~~1c~l ~nd p~ys1cal ~rapert1es ct t~e coal 33mpl2 
s_:sed in the te:.t5 is pres.ented in t.:3-ble 3 t ... 4. 

3.3 DesulphAriser <Lime Stone> 

Sina 11 quantity of desulph~rrser rs to b~ used 

from coal by· 
~"'E·du.ct l•:Jn te:;t5,. 

the pre-redu·=e;j 
L111:2 -=tw~-1~ ~-~·::;eel 

I ~men1 te 
.:;u. lpher 

dur1n9 
plant 

has been considered as desulphariser far the tests. 
;""?-~e ~cr~een .~n-3I~~·s1::; a.nd :.;he •=he;;;_:;.:~l 3:-!a.:·l=i= 1:Jf 

t~~ lime stone used in the tests are prese~ted ~t 
Ta!:Jle--5. 

c:·· 
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4.0 DESIRED TECHNICAL QUALITY REQUIREMENTS OF RAW t1ATTER1AL9 
TO BE USED IN DIRECT REDUCTION PROCESS USINi3°ROTARY KILNa 

4. 1 Iron bea.ring ot·e. Goal and Limestone a.re the ba::;ic 
ra~" .n~teria_l.=; req:_nrec f.::H· ~'-,~ 

reduced material in the rotary 
on :00~ ccal operatol~. ~s the 
bearing material for redu~tion 

jJ i'O:JLlC t:;. ·~n ::J f i-1 r.:?-
k i l n proces3 ba~ed 

p~ocess11g of tran 
k i ~ n i:;; 

with re~did to size distribution and other chemical 
s~ale testing forms f 1 r--:; t P·~ .• ---3.iTii:_-_\ ter-5.. benc:-1 

essenti-~ step in determining the suitability of 
tt--1e , -~ ........ 7~-3t~r~:a.l:::i arpj dec.i.din•;; d~JClu.t 
p-:i.ra_,T,.::;+,ers. 

4.: IRON BEARING "INERAL <IIIM!ni te> 

For better reduction and enr1ch~ent ot the desired 
e:2111ent-::; in the reduced i:;rodu.ct, i;~1e ba.:;ic ,.Jre 
should haave iron content of the order 50% with low 
gangt•e component:; and lcw la.;·eLs of i.-npur·1t1es ,;uch 
as ·:;•_!lphur ;:;_nd phosphoru-::.. The requirement of ir·on 
c8nt2r1t in the iTilnera.l arises frcm the fact that 

it is better the reduction. higher the iron content, 
Loi .. ; level 
remova 1 c;f 

of g=:..r)·;,u.e .z:.;--"e r·e:~~u1red a·'5 ti·1~:- .. e 
gangue in the direct reduction 

·_s nJ 

pr··Di:.ess 
is 2n~i~ag~d. ~~r~h~r g~n9u2 requ1re~ add~t1onat 
meltinq power and .:?.ppropriate limes~;one addii-:~_u;•::; 

red1_1_c ti ·::Hi 
t·;_?d·.1.i.: .. e~ 

tr; d .. ::> 5la.g 1:--, tt-"re ·5,nelti1t·~ st.a.:;~. ,:.;f~er 

of iron ci:::ide the i-reight of trre ff,jner..:;l 

Tri~ ·31..1.~;:>h.:·r ~.r!d P~•J:5ph·-:i~ .. , __ ~s r_:.~nt2nt ~:·e 3:--;o ~f 

utmo'.-3t impcirt.;:_ince t-ihile selec:ti.ng the or.:>s ki>.::2i:;1n9 
i;-. v l e•..i Hie ~pee:.~ f i c :;;-~.;_or: D f t;he fl n,; l •T•:2 t ::d ';.:i t;;-:? 

produced. Su1tdble precautions are to be taken fat 
.j.::;.51_<l::1:-.:i.r·t·,;,~i·;i;::in in t_i--1e r'• __ :;~.,::i.r:y k1lr;, ::i:-; t;:v? r'i!.j,_,_._:::.:::j 

material tends to pi~k up the sulphur from coal in 

chemical characteristic:s as above, the irun buar1n~ 
•Hlfl<::!t'-.~.l h~:;, ':u :::;.:it:.::.f·,, c::rt._:; __ :n .,;:_ro1;nr_:;n 

requirements with re~3rd to physical str~n~th. 
S~l.::ittt.:~r, T·.J_,;)b.le,.. 3.nd t)i.Jr~-~,; .. :}q 1;\r:.!1··~:2·'.5 •_..)1· .. ·e ~11 
indication of the physical strength. 

stud1~'-3 on 
r··~1~:!'.ry i :i !.:1 1Jf t.~·1~7:- '~JI;_. pla.nt. 
sh~tt~r ind~~ of ares shoulJ not 

.::,~'?·.-., 

in 
j').:; t.~1 .. 1 

thf~ 

:·, !i..:i !; 
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4. 3 C~l 

r-·:2 .-03i:-i ·=r.em1•.:,al •::hat·a•.:teri::;ti·=·::; of the coa~ ,..,hi.::h 
influence its suitability as the reductant ar2 
re:;.c. +. i ... i ty pr..:J: .. itii~J.:-== a.na.l··'l·~i=:; c,:>trtpr!.s1nq i:Jf "f-1'.<-?'j 
carbon. a.sh 

the 

and 
of ._:.::i::>l ash 

tota.l sulphur 

matter-, 
und::=ir 

a.rid the 

melting 
r-educ1:-iq 

different conditions, 
f CJ nn·:o of 

reactivity 
·::;ulpriur p;ec:;er.t. 

are pt·@ferable as 
.:J T h .:. q :-, 2 ;---

oper.:.t1on ._,, 
a.nd at hi•;;h 

they 
1-~]~,~er-

p e 1-· i111 t :~1e 

te!~per.3 tur ?·~ 
throughput rates. cr~.~. l 

·:;h'.JU l d ::ie C-:3 

effective kiln volume reducing the ~pace a.\ ... 31 la.b le 

c•:ial·::; ·should be of the order of 30:-~ ·=oo 3.S 1::0 heat 
the ore t0 t~e redu.::t10n tempe~ature w1th1n the 
::;hortest possible time. The fixed carba~ should be 
(Jf tt-~e .-.t··d.::i.~ •1f 4-C· l_:~:J 45 pe!'"'Cent. T~e 1:::lt1i1q 
characteristic of coal ash is of utmost ::.nporta.nce 
wh1l~ evaluat1~g coaJs for 
a~~lication. As the coal ash 

d1r~c~ reduct1an 

,jesira.ble 
~ith fine reduced ~ater1al, 

to have softening point of coal 
• +­.L , 

a.·:5h 
.i.5 

1200 de~.C under reducing ccnd1tions. 
in 

The 
kiln operating temperature in the reduction zone is 
S•:J ; I­

L <. .J...~ lnwer ~h~n the aEh 
point hy 100 - 150 deg.C to minimise the 

:5;~fte111r-.y 

f.:wma. t ion 
of a.cc(~::ti,~n-5 .. T'.-1e 5u.lph;__lr cc.>ntent i:t the co-~;., .:.11 

the form of organic and ::.norgan1c compounds, also 
:::1...., ........ 
I <".;t;' '· ,_1 I •_Jrc1.3.r; ic 

sulphur gets volatilised in the pre-heating zone of 
th=-?:" ~-1.tq :=:..r.d incre:i.se:;; ~~~ie ::iul~·hu.~ .. l·.:J-3.ci i..n :he 
w~ste gas 3ystem. Organic sulphur tends to get 
r' ;.?. i. -=.\-3.::::; -?r:i !. , , t: ~-~ 1-.? j·"' r-?-:11 .• tc :~ l ·:.!n ~-~: ·-=>1 .. ; e ~ :_ <ln '~ ··'-' i t _:-, t ~ii? 
u ti l is.:?. ti. on SU l;:ihu . .-· 
p ! .• ~ ~: ._:; f 
the :5fJ l ~hu ..... l '"'1 

•.: :.: . .:-. 1. ~~ 

ci:Jal~ ha.-./1n1;. hi~~h percenta_;:l~=- c.t fj_~~ed c.::a.t'b•Jn ~1th 
i .:: .... > ·., • ·; ·: • . :-:. t; l .L ·:::) .. f-, .3 !.; ~; 2 :-- ~ i.. ~. 2 :3 n t:. r ·3 .:~ : -~ .:? " -~· : J; .J. 1 . ..J .a j. s. :J ::.• e 
cc)n·:;;der-ed '3.'::-; e-ff;.~ct:;. ... ·e t--=.~du.~::.t.~r-.t thr.~-;•_1_-;.ti bi.er;.~ 1n9 
w r. ;.;f: ,._.., :· ... i.ff11r·.c:.i .. f . .;~ ·:'r" -:;1 __ !.t:,-···t.1 1. t!_.1.tn~ 1·1.-:.:·_,_~ 1: J.-:;. l if I ·1 

cn1Tib l n-::. f_ i (Jfi ~"' i th o J ] o' ri.:.1 tu.r>~ I 1~~-... ~. ?~I t,.=1·11"."_~ t 1 • .. ~ l :':' " 
·51·c~·, • 11~:'.t~.5 1 .. :•JIJ.1 1.:1 -~t:;:;:_; :j~ L~~,._7;l1.J :) .. · 1il,-~l;}·t"7.,;:ti1·,1,·};:J lfJ;·I~.~,.·· 

ope rd. t: i. n '::I 

ih2 
·:;;:;ft;:>ning a.nd subs1c=;;q1_u2r.t ~•r:,ion 3t 1·119i1er· up<,w,:1';1:·· .. ~ 
~; .. -.::.-.. ;~::.ii:;: .. ,·.;:. ";u.t·-;;:.:.=> ,;..;·-i:~ -:1 . .-.J~·~:r)t "t .. ii:~ .;.~_:;ir, .- .,:::) ~·; . .:.~n ~ '. ~ le;~'· 

4.4 Limestone 

J.':J~~·.i In '-,t,..:.:~- r.1 f"1J•_:~~ :.-:<i., .:.tS 

,._ . .i~I •..1·:;p(j f1·,,- r .. ».J•": :·ion 

3'.·"('f. ·cl(jf..• 

l 
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of 45 per1:e1: '; 
a.dequ.2 te for 
di3tr1butio~ of 
cons ide··-~d .as 

of CaO has been observed to 
this requirement. The 

l i;ne·::;tor.e 
it is 

3.lsn needs to 
ob:;erv:?d that 

be 
size 

be 
the 

desulohur1sinq .abilit: of finely gran•Jlated 
l 11nestone is very good. The size ra.nge of 1 to 3 mm 
is found to be very effective in rotary kilns. The 
property of limestone used in the tests are g1~en 
in table-5. 
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5. o UUIORAlUtV AND BENCH SC* E TEST R£9U.. TS 

5. 1 Dlemicitl An.lysis of Abughal•ga ilmenite s..ple 

The I lmen l te s~.mp le H;i.:;; anal 1 ·se.j 3.'ii .:>F-•· th~ 

standard analytical orocedure. Various constituents 

Si02, Al203, 
\Total). Fe 
Cao, MgO, 

(Me-t; • .) • F~•J.. F~.2·~:::, ;J.:J2 .. 
P, S, Cr203, MnO, Bao. Cu t 

~J.:;. were deter111ir.e•:i .3r.o the re·~Lt.!. t·::; a;-..e pr'i:~e:-!te,j 1:, 
Tab le-1. 

5. 1. 1 Iron C·:Jntent 

The total iron content present ;.n the 
Abugha I a.ga i I !Tien i te sa.ntp le was found to be 
39.70%. T~e detailed analysis to find 
different forms of iron present in the ore 
reve~led that the iron ;.n the m1ner~l is 
present in the two forms i.e. Fe+2 and Fe+3. 
Tr, is 
study condu.c ted on the ore. 

~1et ~-() l '.:J".l l c 3. l 
The analysis 

re3u1ts s~ows that FaO content is 24.69% a~d 
Fe203 content is 29.32%. As can be 
the chemical anal~:;;13 of the ore, 
is associdted with the oxygen in 

seen froin 
the i. ;·on 
magnet1te 

forff,. Gener.3-lly· ITi-3gnetite t·;-·p:: ere:; .~re ;::>1_"Ja." 

1n reducibility c~aracter. This was also 

on the 
in the reduct1Gn te~ts 
ilmenite ore at an 

c.:::rrc!LlC t ~.j 
.:Jper.; ting 

t;·.:111per.::i·:;L~~ .. e Jf 1~:-!81) d .. "">g.C. w:t~. :;1· :-,.::.·-~~·-:; 

reduction time only, a metallization of oo~ 
(~tJta1ned. 

ore·:; thei.t are 
Wher~3s for normal 

being S ! IL 
•Jf 

far 
pr :::;;j U.(: -~ i -:Jn 
90i~ ca.n 

·:rf SpcH-P:;~ r rr~n a tT2 t 3. t 1 ~ :::: 3. "';:;_'.Jn cf 
be acheived at an operatiny 

te;npe,··· ~-·!:u.:··,= .Jf 

reduct1on 
r~~:::r_:.}= t: t;..Jn 

timF~. Ft·om the pc:;1nt uf 
t~e 1ro~ =en tan~ 

ilmenite can be said to be on 
·~.c:ie. 

Tit .~,r: i 1.•if1 
<:;true bJ.ra. l 

I::; the f.:Kw th 

metal and ninth 
r;,::.i ·:, t 

most 

view cf 

;;t ._w,di::;:~, t 
.abi_~nr~ ~Pt 

oc.<...:•J.r::. i ri ri3 tur.:J J. 
(. r r_r;: t . ..,... :. t; 21.n l '.l.tT1 .-, .:,:, i'~ IT1 -7i l !. ,.. 

1n1nerells .3.S its ;::;;:;de::. ::"4nd 
m~>=; :; i. ·y {··.1t'1T:~ tbe :~t.3:'J LE~ T :.{)~-· c::-irr.~.~•..J1_~n1:-:. 7': ·~ 
ilmenite sample w~s analy5~d ~s per ~t~nd~td 
j) . ' J) -~ ;:_.1 ;·~ f. ~- r' ~:? -: ,_} f 1. ;-; .j t; ~-... ~:~ r l r_ ·~·' l"i t. ·,;.! n --. ~ .. ~ ~-~ 
,..,re. ihP. ch'O!m1c._ll .J.r.aJ·y·<3j,-, pr·1;c• . .;ent~'::d 

_:;~;J~VJ 1 
'. :;-J. :, ·;··; '~,':'.: • .,:.~.i-., <:~.~r'. .,_ ... 
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s. 1 - 3 

;:-;e g3r.qu.2 ·=·=·:, ter. t . . . t~;e . .:-r~8 C•:_in·5 t L 1="'-~ tes 
Si02 and A1203 which are undesir~ble in the 

1n the ilmenite as analysed ls of the order 

Al2C3 CQnst1tutes 1.31%. The total 
::n 

compared to other prime ~ran GrE~. 

TL..,2 

is phosphoro0s and sulpMur. As ca~ be 
fr.::Jff, 

level in the ilmenite 1s on lower side. 

S. -~. Physical tests on ilmenite 

~- 2. 1 

~ --. .... 
~> • .... · . .' 

The physical 11 !· e pe->;r.:iloq1c.:.:.l 
·:;ts_~;_jie·~. ~t{lk .j~n·:=.:..t.t"/, ·;;?1a-~te:-~ 3.n~j -:-uf1,Ql~r· 

tests have been conducted on the llmenite. 
T'•e petr·,:loq1c.:~l 

a.nd the L:Jrm of 
stud12s reveals the 
the ore. While shatter and 

of the 
aura·:. ·L •:in 

3h-3tter 

te-5!;~ .jeter1T~1nes tt,e ·.=old ·:;tren•;.t:r 
material for their resistance to 

l•llpd.ct h.?.nd l 1n9. The 1~u17tb le~· .;;_.,.j 

ind1ce3 give an indication 0f 
tG 

gener.o;ted during the reduction proces·:; 
p ~·od:_;c t. 

Petrolci91cal 
~ f:. ·--~ •.;. h :-.. !. .3 .• :;_;a 
cl eve l ope•lien t 

The 

stud;.e:; conducted o:-. 

1 abora tcw l -=:s of 

s t:u.c! i .~·:; re·..,'e,-:t l 

rJa.tional 
~!y,.:f~t· .~tio.C. 

th~t tr-.e 
pr·i·::;e\r·,c .... ~ ·~J-f I l.nen t tP. =1~ rf;~ .. ;i::Jr-. :'ftlr,>-]:-"'-3. ~ "" .. 1€-t ~ 

a.:; q1_1_art;: f·:::irmed the ma Jew c.a.r••.;JUE·. i.3;::.2':;~1' ~-'='• 
1. i .n. Jn l t, ·~ • :-1 ~,;. ~ t:;. t e d.f.•(~ p '; r .~ ·; ~ we:: ;·"'f.~ ~Jr"' 1.::0·.:;;t=:-r, ~_;. 

Tt"ie ilmen1tt-:? 5dmple:=. •:>b<::·"='l""V'>s-d !;o t ... a feebl·,· 
11l:;.3r,~.?t:,;.1.: 1.n"f~t"1:;i:J !,i1-:t.~, t;he 1..-·._::n •.J·.1·.:!~ .. 

pre;:;ent i::. 111 111.'.•9nef;ite t•:wm. ft,;-~ ::1et.i11l.:--.j 
fJ ~ ~ ; . <J l fJ•) .t c -3' l 
Ann"?:<lit·e-T. 

1.nde 
1nde:< 

. ' ; ., 

of 1 lm""n1~;.,, or"-~ i:; "'·.-. • .'.l.1Y.:. 
,..esult. indic-1t.es that l;l1e 

l.1 • 
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ilmenite ore can withstand well 

T~e tumbler index 
is observed to 

of Ab~ghalaga il~en~e are 
be 88.50%. This result 

indicates the ore c0uld be cl3ss1f1ed 
med1uill hard and considered suitable 
direct r"'e•~O.C t lOn p i""'iJCes-:5 1_15 Lf19 i"'O t..=:i_r\i 

technology. 

.3·~ 

fqr 
I< i 1 n 

5.2.5 ~br~s1on ind2~ 

5. 2 •. ~ 

The -3.br~si~:;n .:; f the ilmenite •.:ire 
sample is 11.83%. The result indicates that 
f:.;-.e-~ ~.;t8-nera.t1·::n 111 tr-te ratar'~.:- ;.::rln 
operation Nould be of the or·der 25 t.::; 30:·: 
wh1c'l was a.:.·::;o c.~nf::.r·mad i•1 t~e reduct; ,c;n 
test·~. From the experience of 
cpsrat1~~ plant t~e 

considered to be goad. 

the SIIL 
In•::ie;: 

The bulk density of the ilmenite samp~e 1s 
2.10 tons/M3. The bulk density is less 

to the 1ro~ ore::; which is due 
the less i.ron content ir. the 
·5~,-..p le. Hc-}•._;eve;_,, th 1 .=; 15 n~jt 

significance or constraint for 
tne m~terial in the rotary 
production of reduced material. 

1 1 

11.nen;. te 
·~J f oTtUCh 

pr··ocessing 
kiJ.n f._1r 
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"....J. --· Prapttrti.. af Rllcluct.nt 

Sing~reni Colleries Co.Ltd, 
C"-'gu"' C-oal, 

5.3.l Proximate Analysis: 

The proximate analysis of the coal 
fer the determ1~ation of the fi~ed 
volatile matter and ash was carried 

sa•np les 
·:. ~r"bc•n. 
out a.'i> 

per ·::tandard pr·J·..::-:=-::!L'.re. The a\et·aq.::? re:;:_ilt:; 
of the analysis carried out are pres~nted in 
the tab le-~--

Fran the ~able it could be seen that th~ 

volatile matter is 27.90%, fixed carbon is 

46.40% and ash is ~5.70%. 

5.3.2 Sulphur Content: 

The 
the 

sulphur content ~f the c0al 15 on2 ~f 

important characteristics for the 
e\·aluation of the su1tab~lity of the coal 
be used as reductant for direct reduction 

to 
no& - ' 

iron ·:>re:;. 
composed 

The sulphur in cc~l is normal l ·r 
sulphur, of inorganic/pyrit1c 

$;_1.lph::1te su.l;::ihur .:;nd orgo:mic su.lph1_~r. 

presence of organic sulphur contributes to 
the sulpnur ~'~~up in the spongs iron in the 
absence of desulphar1ser. The total sulphur 
.... t::-,e ·=•:J3.l ·.:;3.ir.;::i le wa.5 ana.:.y·.:.e•_j t>;--· 
gravimetric method. The dif~erent forms of 

the ~ulphur in ~~ngur~ c~al Nere ais: 
analysed and the results of these chem1ca.:. 
ana . .:.i·:::;is ai·e pr<:?'=>~nte.j 101 the ta.bl~-3. 

total sulphur in the coal was 0.88%. l<ii th 
the organic sul~hur cf the crder of 0.48% 
it could be observed that the sulphur 
ccnt~nt in oraduct cculd be ccntral~ed 

well below acceptable limit with usage of 
l 1rnest:Dne (Blast Furna:::e ,;ir-a·:fe: -'l::i 

desulphariser. 

Th~.:; a ,;er age 
Manguru coa.l 
the order· 

~ro:>s calorif 1c value Qf the 
sample was observed to be of 
of 5320 ~cal/Yg which LS 

optimum for the specified considered 
purposP. 
redw:::tant 

The calorific ·.rcil•.1.,:> of the 
was determined in an adiabatic 

Bomb C~lor1met~r. 

The -::-~hemical 

the coa 1 a3h. 

ccmpos1tion of the coal ast1 
softenin4 ch~1acter1~t1cs 0f 

Higher concentration cf silica 
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and alumina are generally in line with 
higher softe~ing temperature. How2ver, 
higher concentration of the iron oxides in 
the ~sh lowers t~e softening point 
consid~rably. The analysis of the coai ash 
fer the deterffiination of S10~, Al203~ Cao 
and MgO ~as carried out &nd the results are 
tabulated in the table-3. T~e results of 
the chemical analysis of the coal i~dicate 

that •:he :sh is .:c:i.dic in natLrr-e a;od 
predoffiinantly of silica with a value of more 
tt1a1: 5~)i~. 

In the rotary kiln ~roce~s the ~iln is 
be operated at a temperature of 1050 deg.C 
to get the des1re.j .je·~F'ee of ~'edu.;::t1an and 
this requires coals with relatively higher 
as~ s~fte,ing tamperatures of the 8rder of 
100 150 deg.C above the kiln operating 
temperatures. T~e melt1ng characteristics of 
the coal ash is determined in a LEITZ 
HEATING MICROSCOPE and the point~ of 
important observation are the softening or 
the initial deformation point, the melting 
or hemispherical point and the flow point • 
T~e beha~iour of Manguru coal was found to 
be extremely good and the initial softening 
point itself was observed to be 1220 deg.C. 
It is felt that this could be attributed to 
lower concentration of sulphate sulphur 
the coal ash. The test results of 
melting behaviour of the coal ash 
indicated in the Table-4. 

5.3.5 Reactivity c;f i=(la.l 

in 
the 

Reactivity of the coal refers to t~e ~mount 

and the rates of carbon monoxide generation 
through the well known 8oudourd 
This is an important factor in 

re3.c t ion. 
the rotar-~1 

~·11.-, .::;per3t1.::;n sine'.:? the 9en'="'r·o=;.t;t.:>'.'1 c:' the 
carbon monoxide required for the reduction 
CJ f 
function of the temperature in the kiln. The 
reactivity of t~e coal LS determined by 
weightless method. The test results carried 
(:l'Jt •_1rl "'!-"*rlCJUt'U. CJJ.::...l lndlC::i.te ';he r9aCt1Vtt;y 

~s 2.10 c.c. of carbon monoxide per gram of 
~a~b0n per s~cDnrl • 

l. -~ ·-· 
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5.4 REDUCIBILITY IESTS IN LABORATORY ROTARY FURNACE 

RedLl.C i bi l i ty 
de ter·t1. J.ne the 

tests are carried out in order 
behaviour cf tron be~rinq are 

the reduction and to predict 

t·-:> 
a .. ,c 
the coal during 

beh.a-.·1our of ra~.. mater•1a.l::; in rotary ki 1:1 f.:)r' 
commercial operation. In the labot·atory rotary 
furnace reduction tes~s. opera~ing ccndi~ions of 
the rotary kiln are simulated. The test results 
indicate the behaviour of the ores and coal under 
reducing conditions and establ1shes the reducing 
properties bas2d on which the suitabillt~ ~f the 
ores and coals for use in rotary kilns could be 
det-- ·· i:ied .a.nd the ooerat ing p~u·~meters a~·e tound 
to ~chie\e the desired levels of product quality 
iG ,e actual operations. 

5.4.1 !,,.t-iBORATORY HOTARY F!JRNACE TEST F.:ESUL TS 

The reducibility tests are conductEd in a~ 
electrically neat~d r~tary Turnace no~~ally 

at a reduction temperature of 1000 deg.C a~d 
a rete~t1on t1ma of 3 hour·~. 2ase•:! 

the comparitive study of Ben.=h 

coals, the test 
the l ab.:jr 3 t::J-:-... ~,r 

para.meters/cond it ion3 

~-3.· .. ·e 
f::.w 

.jev>?loped by SIIL. Number of 1 abcra f;cwy 
rat3ry furnac0 ~25t3 have bee~ conducte~ 0~ 

Abu.:~hala9a ilmenite ore in comb1nat1on w1~:~ 
t:o -t:he opt I ffiLHTi M~ng,_~_ru 

operat in·~ parameters for ach ie-.. ir;q 80% 
metalliz3tion in the ~1ln. 

The summary of the laboratory rotary furnace 
test res:_~ l t 5 

Ilmenite ore 

The 

at norma 1 

conducted on the ~bughalag3 

in combination with Manguru 

metall1zat1on aimed 
~he first G~pe~imant was done 
oper<c.t, rri9 C•:::>nd 1 ti on vi. z .a. 

retention 
t21;1per·a. tun:! 
time 3 hnur::; 

•J f 10(11 ) deq.:: 
and a C/F~ ratio 

an.-j 
ot 

the~~ te~t ccndl~1cns d 

met.- l l i z a t 1 on of anly ?2.56% was ache1ved 
WJ. f;h Hbct.;jh·:3l .aqa .ii ;n-::~r, 1 'ta ·.:>·"€"!. Ir1 c.;rder'" ~,,_; 

1mprov8 the met~ll1za~iQn levels the tests 
c•.irid::.+.lcJr·,-:; ;,-ie:'•:! .·.3r·1.i::id. i3.bl~ ·- il ::;:1nws t•ie 

degree r:;f .w~t.::1Il1zation «.ci•e1v1?r1 dt1.r·1111~ the 
~ .. ::..bcw;i.~:or:,.· fut·n..:ice ~-f':::.!:.:i co11•.:l•1:::r.~c oi.~ 

differf-:n1t test:> .::ond1t1ons. NonT1.;:il l.·7 h19her· 

t4 
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\ 

retention 

chara.c ter 1::; t l c:: 
,.~ef :- ... ~c t . .:;r 1 e-~. 

Keeping in view thEse ~and1tions the f~nal 

t2~t ~aram2~ers ~ere 

reduction temperature 
~=~ab!: ~~2,j. 

cf ar•:::iur.d 11 i)(; d>?g. c: 
a::·~ ~J.:...: r-,c:•_tr~s retef"'"'it1 1~n t:,~e it w.a-3 .,J·~s·:;::.C:e 

to achieve a degree of ffietallization cf 
~b. ;)")"·:. 

s • .+ •. ;: ' r..:: [-ECFEP IT AT Im: BEHA'.·' r ;)!.JP- OF I L~EN IT~ (!S'.E 

The ?r0cess cegradaticn inde~ of the 
ilmenite are during the reduction tests 1s 
1~ the r~nqe af 39% t~ 4~% which snows that 
the ore decrepitates during reduction. The -
t m~ fines generat1Qn during the laboratcry 
furnace tests i5 of the order 10% indicating 
th3t the il~en1te ~re generates fines during 
the re•jL•.c ti on. 

s. 4. ~ ;J';'A r~.isIZE >rJISE ANALYSIS 

The ~~tailed gra1ns1=e =he~1cal analysis 
presented in the tables-6 to 10 shows that 
tMe metall:=3tian ~evel is al~cst uni~~rm in 

all the si ::.e ranges and from point 
~~iS u~1f~rm m2ta~l1zat1on 

cor;s id ere..:! i de.a!. 

·~ A .l 

of 
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5.5 SHORT ROTARY KILN TESIS 

-ft red 

lined with high alumina refractory bricks 
de~1qned for bat~h operations. The short 
~iln is equipped with d ch~rging door 

and t·::; 

r";.J t3ry 
.;;.nd a 

.jra;...;n .3.~ 

def in it•? 
~or~ t~rou~h ~~i~h 5~m~!as 

intervals of time. It is 
.c.:-.. e 
a_lso 
cf 

equipped 
'lor-::;e:;hoe h! • .f-,... -.J. ·_ll ._.ln 

over the ~ater1al be·j i;-iside the 
J.:! 1_11 .. :, ,,.·:e~°"' •:J-f ~hi~, ;.:=~=-;.~!. ·=ur.cit1C:t:'5 p:-·E· ... ·ail1rr9 
inside a commercial kiln can be simulated precise!~· 
:.e. •·edL~CJ·~·~ :r~a.t-=r13J_ bed .3.r:•j ·:-J·:~ci=1:'"1•~ free bo~ ..... d 
gases, the waste gases pass through tne exhaust 
J~~t ~ro~ide~ ~~~he top Gf burner s~and. The ~ate 

of flow of waste gases and the kiln pressure are 
c~nt~011ed by t~e damper provided :~ ~he was~e 

line. The samples drawn at various intervals of 
:;.nd ti.re ~re C•J·:::>l:;ct 

analysed for r'3.te of ,·-·eduction and c~.rbon 

cc1n-si_·1110 t :tan. 

c e 1 
_, • ....J • ... I~ all six short rotary k1l~ te5t5 were 

conducted to process 420 Kg. of Abughalaga 
i:~e~ite in combinat1an with ~an~~~u co~l. 

Since the prime aim of the bench scale tests 
were to prcduce prereduced ilmeGite of 
re~sonably higher degree af metallization 
f0r further processing tne same to produce 
Titania rich slag in submerged arc furnace. 
The Dt' ,;..:;p.'13.1 a·,:; rece1 · .. ed ~amp les was ;:•-ushed 
to the size of ~ tG 15 mm and this material 
~2~ ~sed t" the 3hurt ~otar; kiln f~r 

production of prereduced material. The as 
re.~e:ved ;'.;buyhalag~ ;.lmen1te sample wa5 ·:Jf 

the size -50mm, the detailed size aGalys1s 
o~ th~ ~s rec~1v~d s3mole is given i'l table-
2. In or•jer to process these materi.al i.n 

ina ter' i a. l 
;;J '.' .-:. t'= 
tests. 

•"fas crushed 
rec~: Jed Abug~alaq3 

and prime size product 

~ t te·· c•:J~1d 1 .i .• .: 1.; Lnq i-:J-1e ··eq·-~ J. re-:! .,, .. Hr:oer rJ !. 

t~~ts, a net of 420 ~~- of 1lmen1te wa~ 

;: ... ~J( .. :?~_,i-_::id in the :!"";•.:Jr·t ~--ota.r:/' k.;ln ~n .;,1~: 

batches to p~uduce 305 kg. of prereduced 
1 ~.r.er11t.::. T~1<:? 3+;:,inr.!:H'(; ti;::>,;;t :•Ji"1dltJ.ons 
wrwk ~d •_Jut in laboratory t'ot..::1.ry furn~ce was 
1th.1nf .. ,•:11e·J for· tt.e 5:-1rwt. ,.._,r.£H'Y i<1lr"\ te:,t;;:;. 
Tt.e r,:;:<:.•.1 l t::. of the short r·ct.a.r·:r k 1 ln ar~ 

pr'"!'5e~1i:eJ in ',.:;bl'c?-1".::'. t:•.l 17. 

l6 
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The -.:hEiT• i -::.:a 1 a.nc<.:. y::; i:::; ;:; i .5amp l 2s .j ~·awr. 5. t 
various intervals of time have been ana!ysed 
f·~r ce~T!., ~7e(:v!et~ .. t:3,~t,an 2:r.d SL~l;J~er ..... 
the case of magnetic products and for non­
.-n~9net ic pro.ju.ct::; the f i ,,ed ca.rbon, ash and 
volatile matter have been analysed. The 
r@sults cf the s~ort rotary ~iln tests shows 
that a metallization of about 65/. could be 
ache1ved. The analysis of non-magnetic 
product reveals that carbon is properly 
•-1~1liz2d d•_w1ng t!-le tests. fhe pro•juct from 
the all rotary short rotary kiln tests were 
mixed and a compos1• sample of 300 Ky. 
p t'ered•_ic>?d i l men i te ·::;a.mp le was despatched to 
USSR f0r further testing. 1he deta1l~d 
chemical analysis of the compos1t sample as 
de~p~tched to USSR ~::; presented in table-18. 

1 :· 
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6.0 FINDINGS 

.s. 1 Fr::>ff; th.: l ~b . .Jt"-3.tc~r:,· 3.n•J berai.::1 s~:a? e t::a ;ts -=o;a.j:_i. . .: ted 

on Abughalaga ilmenite sample, it is observed that 

non_·=c!k ing co.=.~ to pt·oduce prereduceci i l·Tier: i te in .:.>. 

,·,~!:;ary k1l:.. 

6.2 The reducibiltty tests conducted ~n the qbughalaga 
ilmenite ore reveals that the Abug~alaga ilmenite 
ore is reducabl2 in char3cter 3S CQmpared ta t~e 

other similar ores and it requires higher time to 
obtain higher degree cf metallization. 

6.3 S•_tb_bitum1nou.s cc::ls having a fixed carbon of 45/. 
is considered suitable a3 reductant. 

6.4 From the extensive tests conducted on Abughalaga 
il~enite 0re in c~mbination with Manguru coal 
following operating parameters are suggested for 
reducing Abughalaga ilmenite with suitable co31 in 
commercial operation for production of prereduced 
i l r11er1 i ·l;e. 

l ·' 

ii) 
iii) 

Reduction Temaeratur·e 
F'.etensiun time 

iv) Con sump ti cm !:_I~ 

t tor:1 .j2q. C 
6 hour::; 
0.65 

Quantity of material required 
kg. of pre~~duce~ ilmenite. 

Ra;"' ilmenite 
C::i.3. l 
Limestone 

1. 38 kg. 

Not required • 

1.0 
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7.0 Conclusions 

Total 600 kg. of Abughaiaga ilmenite sample was r~ce1vEd 
from Govt. of Egypt. After conducting number of tests 
for determ1n1ng chem1c~l, ~h~sical properties and 
optimuu test cond;tions finally 420 k~. of ilmenite in 
the 31ze range of 3 to 15 ram. was ~rocesse~ i~ the short 
rotary kiln to produce prereduced mater1al. From these 

3C)5 . -,..._ ,-=-'. 1na.ter ia.l 
metallization was pr·aduced. 

a.n ::i. l y·: i::; of 
prereduced Ilmenite sample produced in number 
runs i~ the short rotary ~tin is given in the 
This materia.1 was despatched to M,·!:J. 
Ir:s ti tu toe, 
2<). 9. 1 99C: • 

l <r 

UNDP, 

Gf test 
t =>.bl e- i:::~. 

Titanium 
on 
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PETROGRAPHIC REF'mT ON IUENITE SAl'IPt....E RECEIVED FROPt 
SPONiE IRON INDIA LiftITED <SIIL> 

INTHODUCTION: 

A s<'\mple of 
received in 

lltTrer.it2 i'tJ•..:k we1ghiilt;. ci~o;.:.t .:.·~-·" .. f •..;,ra!il5 
R~D Centr~ of NMDC on 4th June,1990 

M/=:;. Spi..Jnge It~,::Jn In.ji.=i. Lim1T.2·j (:=II~) f·..Jt" 

·:;tu.dies. 

the :;tu.d··i T'"'e purpo:;e 
m1nera.lDg~cal composition, nature of 

MEGASCOPIC CHARACTERISTICS 

Colour 
St re:~~-= 
Lu·:;tre 
c::. 2a-./.~1:;.e 

Hardness 
F''3Ct••re 
App • Sp. gr.::; vi t y 
M:i.•:jnP.t i. 31Ti 

Dark grey ta blackish gr~). 
~! ... ·01,-..in i ·;5~1 :J l .::..·= ~-·. 
Metallic to sub-met3llic. 

5. !:!-6. i). 

:_:-ne·.,.·er.. 

4.23 

Microscopic characteristics 

The mi c t•o·:.cop i c re·,·ea.le.j the 
Il·::en1t.e .:.·;:;, 

of 

ma. jor 
ma1or mineral whareas ~uar·t= 

Gaeth1te, 11mon1te, hematite 
wE•re pr.:::>::;ent: HI m1nr_;r -4•_1.3_nt1t;1;--,s. "f:F~ 

to coa.rse grained. The descript1on 
+.:i?~ .. t~J(''-? 

0 f thP 

.--..1id pyr i f;e 

.... ~.-::. tll':"'•j l 'Jii· 

ind:;'-• id1..1.:.~I 
.n ·l n e·"' ==- :. ·~. ..-\ :··~ q l ...... ,.=..\n ~J e !. ·;:;w: 

I t; f, ., .. =~ ... ,::.\ 

t,f', .. ,~~J,""it~:'j~j ~~1.1'':;• r:,~? ·~.Jtl'~1d.•.jt~ L-J~? -3.l.J'.:l*.1r·,t,. 

'"'6'.·:, 17'tOdt·?or'~.i"..i:--?. ;.-:·1e1.:>ct•t-(ii.··i111 w .. ::t.=::.. ·.,n~t."y' wec.•i; • 

... ~I :·I 
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quartz. Few minute grains of pyrite were seen within the 
ILne.iiL:= ·::,i~'-:Hn::;. The -::1.ze cf the Ilmt:mi-t;e 9rcuns r.oa.nqed 
from 5 to 880 microns. 

QUARTZ: 

It occured as 1naj0r qan·~ue m1nerdl. The g:·o1_1_no_.11as'2 w-~-:;, 
comprised of quartz which was generally amorphous in 
nature. Occasionally it showed crystalline structure. I~ 

was colourless to grey in colour. At places admi~ture of 
hydrous iron o~ide were seen within the i nterq ~'-3ild l-3r 
spaces and the cracks. 

GOETHITE: 

It occured as one of the minor constituents in the 
sample. It was greyish white in colour with reddish 
brown interndl reflection. It ~as m~inly observed in 
cracks and cavities. It was found replacing the Ilmenite 
grains as well but such cccurencas were not very common. 
Goethite was amorphous in nature. 

L:::MONITE 

as .-n1nc>r :.::wnst1tuent aft2r ·~~:Jethite,. I"': 
was :;een in association with goethit~ and quartz 
spec 1.a 11 y 1 n .::.;".3.·=k·:; -3.nd 
cryptocrystalline in nature. 

HEMATI'."E: 

He1aa-t:i.·te 2;-:.:5(Jl::_tt1•.:Hr v...sere ,.:J;.:t::3.·:5S1(Jn~.all·,.· :22en ir1 tne 

section. This was observed mostly in the margin of the 
iltnen1te 1.~r3.in. At ;:11.:3.C(-:?S :;.t ~-..;as ·::-31:.·=n altered t::J 

Goethite. The size ranged from 4 micron:> to 260 microns. 

PYN'.ITE:: 

Pyr1te was noticed as 3cattar~d minute grains within 
the ilmenite. It was present as alteration product of 
ilmer11t2. The deta.i:te·j pt·•:lµerties c:ciul.J not be observ2d 
due to its fineness of grain size as it was beyond the 
scope of the miGroscGpe. The s1ze ranqe was fr0m 5 
micruns to 32 micr0ns. 

CQNCUJS I qr,J; 

Th ·.::. ·-:;.:;,;n.:,> l ·:~:~ 

constitueGt.Quartz wa.'..;;; tlif? 

~-.. , 
,;. .L 

m.;i.jDI"' 

m.,, Jur 
r.11 n€•ra l. 



Gaethite, limonite, hemetite and pyrite was seen as 
minor const1tuent5. The ilmenite grains genrally 
appeared quite fresh except few grains which were 
alte~·ed b::;/replaced bf hydrous iron a;;i.jes. The gr·c.111 

size of ilmenite ranged from 5 to 880 microns. Other 
c•::mst i tuents wer·e ao~or·pltous in n,::,ture. Ma.111 ly· alteration 
and replacement textures were observed. 



TABLE - 1 

Che9ical analysis of Abughalaga Ilmenite sa!!ple 

Constituent 

Fe (t) 

Ti02 

Fe+2 

FeO 

Fe+3 

Fe203 

Si02 

Al203 

Ca.0 

MgO 

p 

s 

Cr·203 

MnO 

Bao 

Assay (i~) 

39.70 

37 .. ~r) 

19.20 

,., /1 ,:_ r::; 
........ u: 

20.50 

2'7·. 32 

2.62 

• -:r. 
l. ·-· 1 

o. 19 

._ C"C 

. ..;. ••. JJ 

0.015 

i). 0'21 

o. 15 

C-.03 

0.020 

O.ObO 

0.005 



TABLE - 2 

Physic~! properties of Abugti.l_. Ilmenite s..ple 

I. Screen anal·;...-sis of a.s received sample 

Size Range Wt. fraction % 

+ .::_.,_.t - 5t) mm 25.~3 

+ 25 lllin 

+ 2f) mm '4 - ... ._ 
.i. .:.:_. • [_.r • .:.. 

+ 15 mm 17.61 

+ 10 mm 10.43 

+ 8 mm <)2. 61 

+ 5 mm 02.61 

+ "'!" t1ltll ·-· 0.78 

+ 1 mm 

1 mm 1. 3(~ ,. 
II Other Prcpert1as 

:. 1 C· -~ :r./ -:: .= 

Shatter inde:-. 93.94 7·~ 



TABLE - 3 

L._ Pro;,ima.te a.nalvsis <D.!.:i ba.s1s> 

Ash 25. 7t) ~~ 

.. --. qc_::. ., 

.._ i . '" '/.-:;lat i le ma.tte~· 

46. 4!) ., 
i. 

Mo1sture ,. .... so ,_ 

II. Ash chemical a.na.lysis 

Si02 c-c 50 -...J ; • .. 
·--C" LI.() !. ..... .J. Al2t)3 

8. 20 ., 
;. Fe203 

Cao 3. 41) /. 

0.85 ., 
,:. Mgo 

III. Sulphur analysi:;; in Co3l 

Organic S•-' . .l i:-.hu.r '). 4821 i~ 

F'yrtt1c sulphur o. 38 I. 

Tota.1 :>td.phur 0.8781 /. 



TABLE - 4 

I. Screen Analysis 

Screen ~~~e Weight fraction ~ 

+ 1 2 - 15 11\fft 12.80 

+ 10 illill 28.87 

+ 8 1111'1 15.45 

+ 5 mm 2•). 4i) 

+ 3 mm 22.48 

II. Gross calor1f1c value 53:20 K-cal/kg 

III.Ash softenirtg char.:tcteristics 

Softening point 1220 r --
Meltin~ point 1~35 c 

1380 r ·-f Flow point 

-r --· 
~V. Reactivity 2.1 cm co/gm carb sec. 
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Properties of Limestone used in the tests 

Constituent 

Cao 

Fe(tj 

MgO 

s 

'3i02 

Al203 

LOI 

I I. Screen a~;alysis 

+ t). 5 rrtm 

1.37 

1. 51 

0.04 

0 '"'.'"T .__, . ..:.. -· 
• ~1.. 
1. ,L_._, 

"""'!'tJ "'""'l7 ·J·-·· ......... 

: -~ ·. 
~ 

., 
;. 

42. 3a ··' 

'".-:'.". 57 

'27 

TAllLE - S 
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Sta~dard C0ndit1ons 

I. Input Raw M:1ter·1~ls 

Iron bearing mineral EGYPT Ilmenite 

Reductant : Manguru Coal 

Desulµhuriser 

II. Test conditions 

C/Fe 

Reduction Temp. 

Retention 

III.Test Re:;ults 

"""·"­fr I ;:> • 

•:J 

iOOO C 

3 Hr·.:.. 

A .. ·erage Metall1z2t1on 

(+ 1 mm> 

Process Degradation 
Ino::le:< 

Oxide feed 

Reduct ant 

22.56 

41. 38 

._, 
.34. 53 

C-e.::rep1t2ti0n 
Behaviour 

Size 
1 mm -._. mm 28.96 

- 5 ffitll -38. ~)3 

IV. Grainsizewise Analysis of Magnetics (%) 

51 .:e fi·an-;e 

-11n1n 

1 ~ 

ttun -· 

~ c: mm . _, ·-> 

'5 1'.lmm 

10 15mm 
+ ! S;nff1 

Fi ::ed Carbon 
A:;:-1 
'Jo lat i le Matter 

Fe(T"· ~2 \Met. ·' 

39.00 9. 75 

3';· ~:(; 0 0'3 . . 
40.00 9 . 0;) 

41 (·I) 9. ~-') . 
41 . oo 9 • ,..,-:. 

::.<:. 00 

1 • I)() 

~>:?~n. ':::trbc:;n ~~-~lphu.r 

.-.r; 0 o . 45 o. (~24 ..::.,._;. 

~ .... ,·, t). ~<· i). (:::,(1 ... -· . 
.,,.... 5(' .~"' 38 0. (:2(i ...... 

2:.. 50 r). -c::- 1). '> 18 JJ 

...... ,, 50 o. ~c:- 0. 019 -~. J.) 
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Test No. 2 

Iron bearing mineral 

Reductant 

De·:;Lt l phu.r i ser 

II. Test conditions 

C/Fe 

Reduction Temp. 

Retention time hrs. 

III.Jg:;t Results 

Average Metallization 
{ + 1 mm j % 

Process Degradation 
I;;.je; 

O:<ide feed 

;~ 

TEST AESU..TS 

EGl'PT Ilmenite iStanda.r.j Sizo?) 

-do-

SI IL ~-irr·estone -;jo-

0.6 
Q 

1000 c 

3 Ht'·:;. 

26.13 

39.38 

[•S!cre;:; i t3t ::.on 
Behaviour 

- 1 mm 
- 3 ii'ii~ 

5 ffii(\ 

; 1<). 35 
-·:... C::"l" 
4-.'...I. - .J 

37.46 

Table-7 

IV. Grainsizewise Analysis of Magnetics \%i 

v. 

size f;•.3nge 

-lmm 

1 ;n,n 

~ re:- mm ·-· ·-' 

c t1)inm .J 

10 15mm 
f· 1 '51illi1 

Fi};ed Car··b•.:>n 
Ast1 

Volatile M-3.tter 

Fe(TJ 

39. 20 

3t~ •. 35 

40 •. 32 

-+o. e<:, 

40. (i.3 

Fe (Met. 

9. " . ..... 

9. '::b 

10. _;, . .:, 

1 !) • 98 

10. 34 

25. <)(; 

I ":... :;:, 

1. 5 

r-ietn. c~rbon sulphur 

24.00 0.38 0.020 

23. -=-= \). :1'f.:;" 0, ~) 1 c:;' ··-'·-' ._: •.. ..J 

25.63 f). 28 0.019 

"")1. 92 ·). ·~ L ( ' . (' ! -. .... '-'. .... ... , I 

~~- 2:-:: o. 26 o. ,-, 1 7 '· .. 

<-::har i '% 

l 
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LABORATORY ROTARY Fl.R'IPCE TEST AES'lLTS 

Test No. 3 

lr"~n be~rinq .n11.eral 

Reductant 

I I. Test conditions 

Ci Fe 

Reduction Temp. 

Retention time hrs. 

I I I. Test ResrJ. l ts 

IV. 

Average ~atalli=ation 

( + 1 mm) i~ 

Process Degradation 
I;ide:.; 

0:.: i de feed 

- Ri:1~ )_tc t .3r. t 

Grains1::ewi:e 

size Pange 

- i.:r1m 

1 "' mm •.J 

1 "'" ff1l'•l J 

5 10mm 

lC 1 '.:11T11n 
+15mm 

F1::ed Carbon 
Ash 

;. 

., ... 

Analysis 

Fe(Ti 

39.3b 

41. 13 

4::·. ~ ., .J.J 

42.56 

40.3'2 

'./·:,; at 1 i e r1 a !; t ""r 

of 

0.65 
•J 

1050 c 

4 Hrs. 

47.23 

41.38 

-:r L . ..,.""":\ ._ .. _, .. _,_ 

!_1agne t I·= s 

Fe \Met. ; 

-:- -: 7c-
'I . '-~ 
19. 41 

19.57 

:'0.91 

19. 49 

~:8. •)(.t 

70.90 
()1.tC:· 

-ajc.-

De·.:t-2p i t-3.t ion 
Bet-,a.·"· i(:>•.1.r 

• ..:,, 1'71m 

( /.: 

Metr •• Ca.rbon 

~5. 1 -. 
·' (J. ~~-

47. ..... ~. 
"'J !). 36 

48. ,..c.- (·. ..,.C" 
.__,._.) ..:.· _J 

49. 1--:> .... c). 33 

48. -3~ !) • :'8 

Table-B 

Q '"'""" ,, . --....: 
.3(?. _35 
,..c ..,, 
·-··..J • ...... , 

51_! i ph:_ir 

i). (-2~ 

o. !):?; 

i). ,_, 1 7 

0.016 

o. (;17 
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Test No. 4 

I. Input Raw M;:i.ter ia ls 

Iron bea~ing mineral 

Reduct.ant 

De:;ulphu.ri::;er 

II. Test conditions 

C/Fe 

Red•-!Ction Temp. 

Retention time hrs. 

III.Test RPsults 

: EGYFT Ilmenite std 

: Manguru Coal std 

: 5IIL Lime::;Gane ::;td 

. . 0.65 
0 

1080 c 

5 ~rs. 

Average Metall1zat1on 
(+1 mm)7. : 64.26 

Decrepitation 
Behaviour 

Process Degradation 
Inde:< 

O:<ide feed 

Fi'educ tant 

42.66 

3:::. 78 

Size 
1 mm 
3 ffiTt : 

5 mm 

IV. GrainsizewisP Analysis of Magnetic§ (%) 

Range 

-ti'i';fi. 

1 3 ;nm 

c tn.1, ·-' 

lOmm 

15mm 
+15mm 

F1:;ed C:u·bon 
Ash 

Fe(T/ 

4'~ 
..,.,., 

~- ~·-

43. CL .J•-J 

~ 'Y oc ..,. -·. ._, _; 

43. 56 

42. l6 

•./r;; 1at;.1.1 e i1::> t; ter 

Fe <Met. ' Metn. 

~~ ;.c ~ .. ~. '-'. 

27. 16 

28. .. ~.!; 

.... - cc 
..;. I . ·.J._; 

....... 36 ·-·--1. 

58 . 

6:. 
L-'-'·:>. 

:::4.1y. 
62. (H) 

<A. ()() 

6::.. 

. ..... ~ ._, ...... 

35 

36 

:::s 

,~: ..._._ . 

1 r . ·-' 

Ca.r·bon 

1 1 . 'L· 

(:·. .35 

. .l. ..;;:;; 

o. 2·7 

'). --.c--·-

Tale-9 

•! 

8.34 

37.47 

SU lpt'1UJ' 

I (' :i) . 

o. f) :.~c~ 

. ) . i)l8 

0.016 

1>. C· 1 a 



LABORATORY ROTARY FURNACE TEST RESl.LTS 

Test No. 5 

I. I>tput R31"' M~_terial-:; 

Iron bearing mineral 

Reducta.nt 

De:;t.11 phur i ser 

II. Test conditions 

C/Fe 

Reduction Temp. 

Retention time hrs. 

III.Test Results 

Average Metallization 
( + 1 min): .. ~ 

Process Degradation 
Inde:-~ 

O:' ide feed 

;:;·~duct ant 

: 

EGYPT Ilmenite :;td 

Manguru Coal std 

SIIL Limestone std 

t). 65 
0 

1100 c 

.:,6. 5G 

43.78 

34 .. ::Lt 

Decr-:!i-;itati-:::;-i 
E:eha--,, l o•_n· 

Size 
-1 illff· 

3 mm 

Gra1nsizewise Anal·ts1s of M.3_9net11.:s 

Table-10 

9 . . :-:,:-; 
~e.72 

3Q. 1 s 

size Fi'.ange Fe(T) Fe<Met.) Metn. Carbon sulphur 

1 

.J 

5 

1.0 

-1 mm 

3 mm 

S min 

lOmm 

l c'iinm 
+15mm 

45.03 

45.31 

43.78 

Fl :'.E>o.i C-.·H·b~::; l 

Ash 

:25.62 6;). 4 5 '.). 41 i). ()'~3 

28.91 64. 20 (i •. 38 '-'· 021 

~.•I),. 2·!t 

28.94 66. 1.0 o. ';:'4 0.('17 

:.~7. 85 '). ( · 1 j 

32 



... 
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Degree of l'tetalliza.tion obta.ined a.t va.rious test conditions 

S.No. 

1 

..... .... 

3 

4 

5 

Heducticm 
temp.deg.C 

1000 

1•)00 

1050 

1080 

1100 

Reter.t1on 
time hr~. 

3 

"":\" ·-· 
4 

5 

6 

C.:·F2 Met~=i. 11 1:::.3.ti·Jn 
Ratio i: 

0.5 ~~- 5(~ 

£). 6 25 .. ±J:. 

0.65 48.20 

0.65 b4.50 

0.65 66. 5(1 

T.;.ble-11 



SHORT ROTARY ~ TE'ST RESULTS 
T.t>le-12 

E:<pt No. 1 
Referenc~:Abughalaga Ilmenite 

Ore I l rnen i te ( /t) I ~. ) 

Temp. 
..::> 

11 C)(f r C-'Fe r .. ~t10 

I. Screen Analysis 

Scree c.;. - ...... 
~..J L ..:_c 

<mm) 

1c 
.&.J ' 

+ 10 

+ c I ._, 

+ 5 

+ ~ 
·..J 

+ 1 

1 .. 

Ilmenite Cc.o<.l 

3(?. 5<) 

12 .. 8C1 

5(: 19. 3<) 

:::5.40 

14.29 

~~ -..1 
-.·-· • - L 

32.14 

21.43 

< """"~ ·-• • . ..JI 

5.36 

II.Chemical Analy··::;is of Pradu.ct <Md.qnetic:s) 

Sample Sample Reference Temp. Fe<T> Fe (i1) 

f'Jtj,. deq.C ., 
·'· 

( 1i After 4th ho•-•.r l 080 43.38 .._ .... 99 .a::_._: •• 

( 2) After Sth hour l(J9[) ~4.36 ~·'+. 
-,~. 

(3) After 6th ho1_1.r 1100 45.32 28. 74 

S:+mpl.e No. '/cJ:t.tii.e rr.<ttter 
I~ 

( 1 ; .4. Si) 

3. f;I) 

( ._,) 

/. 

1 L ~ C' 
... ·-·· -1. ·-.! 

:'<). ~5 

r-:e l;;n. c 
., 

. .-.. l • 

c-e ~,.., o. -:re: 
·-!·-1. ·-·- ._ .. _, 

58. ~' I -.. ~,.., 

~ . .• ·-

63. 4.3 (: . :29 

28. 36 

, "\ ··, : ~!' .... -·. - ... 

'3 
., 

c-. 0'.2(• 

'' ')·~~ 1:• . . 
(i - C·18 
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Short RotAry Kiln T-t Results 

Table-13 
E:;pt tJo. .:: 
Refer2nc~:Ab~gna~~Qa Ilrnanita 

Ilmenite <70 kg.> F;edu.c ta.n t r-1a.nq:_tru C(J~ l 

"'.. 1 CH:-0 C C/~ .. ~ (•. 65 

II.Screen Analvsis 

~·t·•.::i-i:_1c t ·3 

Scree Size 
( fTliit j 

T l(i 

+ 8 ' 
+ -::: 

+ 

+ 

'· 
C-:ta l ., 

'• 

29.32 

1 s .. -=-.:s 
.-.- -­
~ _ .. , ·-· 29.7:= 

I.Chet111.Cbl Analysis .~f r=·radu.ct ;Md.gnet10:._?_2_ 

S.amp le S.amp le f;·eference 
~·Jf:;. 

( 1 ) A ft er 4U1 h•:J•.:r 

I -. : ;;..::: te, 'S+:h hi...il_,: ,. 

( ~· -·I ;:;ft er 6th hour· 

"·1-, .. ,_,. \·'G ; _ .. t l 12 

: 1 ; il. ~ ,· 

:: • 1::.0 

I-:,: 1.' 

Temp . 
,j~q . c 

1 t)9f) 

L 1 . )C· 

1 10:) 

--r!:' 
-'· J 

Fe (T } 

,._ 
.... -· . 
-~ "T 
4 .J. 

44. 

86 

6.S 

g.i:_. 

·~ ~ ·.i .. 

-..- ,., c­
l .• ...... . J 

F;:, n·n 

,...,_ 
49 .....:..:... .. 

-c:- a::; 
- -! • 

217". ':.6 

1 c - .... 
• ....! • _.'-t-

=::=:. 1 7 

-· .... • t J ... 

: =. 5-: 

Metn . 

53. 56 

c,p 1 -· .. 

Lr~-:: ,.,~ 

'-1·....J. ---· 

=1 

,...,,. -r:-
..; ... ·-· -· 

~ ·-,r ',.I• I 

+ l c:! 
.+ 1 r:·· 

--i:: 

c 
., 

... ... . 
'• 

(:.42 !).C;:?O 
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Expt No. 3 
Reference:Abughalaga Ilmen1~e 

Ore Ilmenite (70 kg.> 

Temp. 11(H) C 

I.Screen Analysis 

Table-14 

Redu.cta.nt Manguru O:oi!. l 

<) •. ~.s 

Feed Material P~'od1_1.c t: 

Scree Size Ilmenite Coal 
'l. 

Magnetic::; 
<mm) 

- 15 
+ 10 

+ 8 
+ 5 

+ < -...! 

+ 1 

1 

., 
"· 

50 

50 

<)7. 53 
32.34 

--- _, 1 / •. ;:,.w 

28.57 

14. :::o 

., 
;. 

13.80 

12. lf) 
24.10 

28.45 

12.95 

08.60 

II.Chemical Analysis of Product <Magnetics> 

Sample Sample Reference Temp. Fe<Ti Fe (t"'!) ----
NG • deq.C 

., 
I. ,. 

(1) After 4th ho•_i.r 1080 42.86 21. 49 

(2) After 5th hour 1 ~.:!'7(r 4-~ .. ~-'- ~.. ,_ . 
-••....t -·-·· '-'~ 

(3i After 6th ho•..ir 1100 43.86 :29. 11 

III.Chemical Anal/sis ·::if Product (Non-mi.aqnetic:s) 

Sample No. ')a lat i le matter Ash 
'l. /. 

( 1) 4. 2(• L7 10 '..J' . 
(2) 

,.., 1 (i 74.70 ..:.. . 
( ~::; ) l. 1c:-_j 81. ::.s 

36 

Non-M=gnet ic::; 

!. 

18.35 

2i) •. 31 

24.59 

11.37 

Met!}_._ (' 
., 

i~ ~ 

5<). 16 !) • C:-• 

- 1 ·:) . 
54 .. C::'"":"' (:r • 42 f). ·...J· •• • 

66. 36 <). ~2 o. 

Fi :~ed C~··bon 
., 
lo 

'28. 7(; 

23.20 

1 7. ::::o 

s 
/. 

(~ 
. '7' _.. 

1)20 

0 18 
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E:<pt No. 4 
Reference:Abughalaga Ilmenite 

Ore 

Temp. 

Ilmenite <70 kg.> 
a 

1100 c 

I. Screen Analysis 

Table-15 

Reduct.ant Manguru Coal 

G. -~5 

Product: 

Scree Size 
(mm) 

15 l 

+ 10 

+ 8 
+ 5 l 

+ 3 

+ 1 

Ilmenite 
I. 

50 

50 

L.:C:a1 
., 
;. 

'.21.58 
30.34 

16.36 

Magnet1·=::; 
•.1 

1 ~ -='!'') 
~.a:_.·-·~ 

1 i . 3.:, 
20.35 

,....,.-, -,...-. 
~....:.. l ~ 

22.89 

1 10.36 

I I. Chemical Ana.lys1s of Product (Magnetics) 

Sample Sample Reference Temp. 
No. deg.C 

( 1i Aftet' 4th hour 1090 

<2i After Sth ~·=-ur 1090 

( 3 j After 6th r1ou.r 1100 

S·•mple tlo. \.,'olatile matter 
7~ 

( 1) 3. 5() 

<2i 

J.. 15 

37 

Fe<T> ., 
;. 

43.36 

'+4. 13 

44.86 

LO 1 c::­..__,._. .... ·J 

78.60 

82 .. 35 

Fe(Mi 
•1 

lo 

21. 41 

=:-:::. 67 

29.41 

., 
1. 

+15 
+li) 

13. 13 
20. ~ ..... ·-··· 
-.o= 77 ..:.J. 

28. 38 

. ·""'\ --. .l...::.. • . ...:•o 

Met;n. 
., .. 

49.38 

53.64 

·~5. 56 

r"\Q -Y.:' .._._J .. . ..;..J 

19.35 

+8 
+5 

+3 

+1 

-1 

c 
;. 

0.43 

0.3:3 

0.29 

s 
•1 ,,:. 

0.019 

(·. <::. 18 

0.018 



r'· 

Short Rotary Kiln T-t R.sul ts 
Table-16 

E:{pt Ni::1. 5 
Reference:Abughalaga Ilmenite 

Ore Ilmenite (70 kg.) Reduct a.r. t MangLtrLr Coal 

Temp. : 
a 

1100 c 

I.Screen Analysis 

Feed Materials 

C'Fe 

Scree Size Ilmenite Magnetics 
<mm) 

15 I 

+ 10 I 

+ 8 . 
+ 

.,,. 
' ..J 

+ "7 
.:.· 

+ 1 

1 

50 

50 

., 
;. 

30.88 

22.78 
25.36 

14.3:: 

., 
'" 

14.33 

1 ·-;. ~o 
&. ...:_. ·-··....1 

2=.36 

:22. -~8 

18.42 

{)9. 83 

II.Chemical Anal·fsis of Prod1J.ct <Maqnet1cs) 

Sample Sample Reference Temp. Fe (Ti Fe(Mi 
Na. deg.C .. 

;. 1. 

( 1 ) After 4th hour 1080 43.36 22.69 

(2) ;ifter 'Sth hour 109() 44.78 25. !).1 

(3 i After 6th hour 1100 44.78 29.53 

I 1 I. Che1111c3 l Ana 1ysi5 ·.:if F'<-·od:_rc t U-.!on-ma.gnet i·=·::;) 

Sample No. Vala.ti le iT.atter Ash 
I. I. 

( 1 ;. 4. lO I CJ c-e 
-==· I e ._}·..) 

(?' 
., 
Lo 15 77.75 

("~. (·. 95 l'.}'"l 75 ... •J • . .J .. _. 

38 

0.65 

Non-M:>.gnet ics 
7. 

t)9 .. 18 
26.79 

·•·"'"':\ C:•C .._ ..,_ • I.__. 

18.32 

Metn. c s 
;. 

52.33 0.39 0.019 

55.89 c:. 29 0. 0:!.8 

66.38 0.29 0.018 

Fi;-;ed C:;;.rbon 
I. 

26. 7C:-- _; 

2<). 10 

1 L 3') ... '-'. 



E:.;pt No. 6 
Reference:Abughalaga Ilmenite 

Ore Ilmenite (70 1-g.) 
G 

Temp. 11 !)(l c 

I.Screen Analysis 

Scree c· ._,1 ze 
(mm) 

15 

., 
1. 

Coal 
7. 

t)7. 13 

Reduct c-.n t 

(/Fe 

Magnetics 
I. 

+ 10 50 33.37 11. 36 

+ B I 

+ 5 

+ ~ 
·.J 

+ 1 

1 

50 
24.48 
23.69 

"'1 -:"~ 
i .L. ·-··-· 

14. "?3 
24.32 

16.04 

,-~~ "":!°L 
·-' . ·-·~ 

II.Chemica.l Analysis of Product \Magnetic·:;;) 

Sample Sample Reference Temp. 
No. de9.C 

( 1) After 4th hour 1080 

( '2) Af t1::!r 5th ht.:1ur~ 109•) 

(3) After 6th hour 11 (le) 

III.Chemical Anal ·i;::sis iJ~ Pro•j•J.c t 

Sa.mole No. 

( 1) 

'Jo lat i le matt; er· 
I. 

3. 5~) 

2.15 

t). 9c) 

.39 

Fe<T> Fe<Mi 
;. ,. 

43.'36 23.84 

44. ~ ~5.55 . -· 

44.86 3(J •. ~5 

( Non-m3.gne'.: l .:::=: :• 

Ash 
•,: 
'" 

.:,5. ()i) 

70.35 

79.75 

T~le-17 

Manguru Coa. l 

~). -~5 

Non-M<"gnet1c=. 
., 
;. 

09.36 

1~-67 

Metn. c 
., .• 

~" -.· .....1..:+ • . ;;. •• ::> o .. 38 

-=-· oc ~). --J, .. __, ~ -·--· 
68.32 !). 27 

., ,. 

27.50 

i 9. 35 

s 
., 
;. 

(}. (!~(, 

(1. t)! 9 

o. (:19 



Table-lE 

Material of preprereduced : Composite sample 
I l 1nen i te produced 
kiln tests 

in si;, short rotcry 

Source of 
Materi;ol Raw Ilmenite from Abugha!3ga, E~ypt -

Reduced at SIIL Test Centre. 

C~em1cal Car.st1tuer.t 

Fe <Total> 

Tt•J2 

Fe(Met.> 

Met.3.l l 1::at1 on 
+3 

Fe 

FeO 

Fe203 

Si02 

Al203 

Cc.O 

r1g0 

p 

s 

c 

Cr203 

MnO 

Bao 

Cu 

Scre~n A.,_~ly-:;1s 

45.20 + 10111.n 

+ 81T;:Tf 

29.92 + 5mm 

66.19 

4.98 

12.19 + 30mm 

7.12 + lmm 

2.83 lmm 

1.88 

(i. 31 

3.90 

0.02 

~). <)23 

(). ?9 

0.035 

0.007 

40 

14. 32 

13.33 

25.50 

23. 2() 

13.50 

OB. 15 




