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FINAL REPORT CJt! LABORATORY REDUCTION TESTS 
CONDUCTED ON ABUeHALA6A IUENITE SlttFLES AT SIIL TEST 

CENTRE <INCORPORATING ADDITil»IAI... TEST RESULTS> 

1 • 0 INTRODUCTION 

1. 1 United Nations Industrial De·,.·e l oc; men t 

Organization <UNIDOJ under the Pr•:::Ject 
No. XP/EGY/9(1/018. ":.....at>-:;ratory and E'e:.ch Seal= 
testing cf Abughalaga Ilmenite ore for 
~etallurgi~al process1~Q to ~itania slag and 
l2w ~hosporous Pig Iron~ awarded the test 
work to sponge Iron India ~imite~ CSIIL' v~je 

their Contract Nc.90/1!8. The contract W35 

3w2rded in r?spo~s~ to the ~roposal 3u~mitted oy 
SIIL vide ~heir letter No.S!/~&P/R~/129190 

dt. ~)2. <)5. 199i). 

~~e t~tal proje~t w~rk i3 div~de~ i~tc twc ~arts 

viz. Pa-t-I Prcductlcn =f Pre-reduced Ilmenite and 
~~rt-II ~-cduc~icn of Ti~ania rich sl3g cy 

The first part cf the i~ork i. ~. 
µr~~~ctio~ cf ~re-re~uced Il~enite was entrusted to 
St IL !contractor-!) and the Second cart 
~!?~~rcsme:ting o~ the ~rere1~cad i:xenite for 
prcd~=tia~ of t:tania rich 3lag and raw ilmen~te 

wss 2w2rded to ~Is. T1tani~m !~stit~t2, Z2por~=hye. 

'JSSR ( Ccm t ~-a.-= t •:>, • - I IJ . 

Ir. ter:'":1s 

red1Jc t ion 
r:d J.C f ~.r.t ! 
-.:, .3.mp le 

c~ntract the s=~P8 
i:::. as fol lows: 

rl' 
·- I 

co.a.l 

:: f 

C·r:?-

as sol 1c 
ilmenite 

sp•.1nge 
~ .... ~:-, {.:f-=~:-"'ee ::>f met.~li,:.3.ti,~~, ~Jt l~.a~.:;t Bi)/.:· 
suit3tle for co~sequent electrosmelting to 
~ita~1a ric~ ~lag an~ ~i; iro~. 

1.? .. ':::: T':l ,~~eterrni rf'-? the tee.~"' ic:.::1.l par . .=Jmeti?r·5 of 
!:~~:-: ~"'>?-redcu:t ~c)n proc.e~~s, spec-~ f ic 
c 1.cr.3• . .<np~1·Jn d.3f;,3 and q:_•ality/yie!d of t:1e 

'::"'..:;;::. r<::pc:;rt. 

'·.J ;:;r~~p.3.re -3. F'r:>gre~:;; T,,(:hni~::3l 

rr·~ r~~ults from the tests w~1th 
;,-.::i c. c:i.:: l •J•;; i -.:>n ·3.bOr.• t ;;u it~.:: i 11 t:y 
iri.~~;er:~ .. .:.tl fi")r 1iir•-?ct rt:."">(..'ttctic:>n. 

·-;. 
J. 



1 r.:· . _, 

carry out the following main activities: 

a) Carrying cut laboratc~y ~hysico-chemica~ 

and mineral~gical analysis of the 
ilmenit~ ore sample 

~~s.) acco~ding to Co~tractor·s methodolo~y. 
Technical and chemical a~alysis of t~e solid 
re::iLtC t~.n t (cod!) tc be ~sed in the c!1rect 
re~uctian ~ests. 

b) C.3.r"·r;.~ing -~u. t labor3. tory· /bench sea.le 
Direct Reduction testing with the ilmenite 
ore sam~le according tc C~ntractor·~ 

t?=hno!o;y and methada!o;y. the ~ontractor 

to :::ie i :-1 p•::i·;;sess ion . .:;.pp~ ... opr iate 
laboratory ani be~ch scale facilities proven 
fer det2rminati~n cf all technical 
parameters, specific consumption 
prod~ct yield and qLality. 

i~ata and 

c) F'rep2•·atior. and tra.nspor-tat~on of ti1e 
pr;:!-re.:=uc:?c iLT,erite '::ir~ s~,-nple (~_l:!ciut 55(• 
t-.. gs. ilmenite sponge i ran } h.~s per "b" 
above ~c t~e testing facilities of 
contractor No.2 fo1· ele·=t~·osmelt:'.n•:,::;. The 
~2mple ~as ~~ be 3c~mpanied by acpr=pri~te 

technical charcteristics certificate. 

P-2paratt~n 2nd submis~ion ;:rogre·:;;s 
resu.! ts., techn i •.:.3 l 

t::=.:c'-·,r:o-ec,~:\~J;ric ;;:a.lct~ld.tio;i·~~ c..p;:1raisa:·5 . .=\nd 
C(jJ- - J U.S i 1:Jn. 

?'.1 a l u.21_ t 1 ori :ind 
review of testing re~u!ts and discuss~cn on 

t~get:-:,:.-1 r 

'.!N tDO. s 

Aitn 
N.:J. 2 

stopping profes~icn2l staff. 

·3o-.·ernmer- t 
tJf t"..3.~\' ilrrt1'"!nit:~ ~'Ila:; r~cei'-:t.::d fro<n 
af Esy~t ~Gr undertaking the reduct10~ 

prcduci~g pre-r~1uc~d il~enite. T~e 

~~mp!~s were received ~t SIIL Test Centre in 1rc 
,,,,_~~:< :1·f 7"'!.'ly, !G'?O. ;~is :::er the ~JirectiC>n·;:; o~ 'JNI!".:<O 
suita~!e non-coki0g 
the t~sts. Af~er 

sch•:dul.2 

This r~~p".'Jr t; 
::,:;ndi_tc: te::l c:-1 

•:: omb i '"' .:• t l • . .u.1n V.Jl th 
r. •::l l l (-;") t• ;.r ! ':. , -~- -,; 

t!1e o:; ti m•.•'·~ 

•.J f test 

Ma.nqu.ru 

as reductart fnr 
of 
\'10t'f,: 

~lmeni~e sample, 
W:9.S ,-jr,3w:·~ .. 3.n.j 

.Jet.,3i l::; 
:.1m•.•r.it2 
c;J:ll of 

r E~ ;.J r~ r t \J 1 :~; o 
~'.'.t ;:; -31 :;("_j 

S l n •;, -·3. '""-' ri l 

.L nd i .::.::' t2~~i 



results of beth l~baratary r~tary furnace and sho~t 
r~ta~y ~iln ~e5t~ conducted at SI!L T~st Centre en 
tni·:: :;et af r-3.W ,·,iate~"'ials. 



2.0 TEST 08.JECTIVE 

...,, .., 

Th2 ~rime objectiv·e .::Jf t!:e -f;e'5t ~~1~~~k i-:::; ~c: 

determine by laboratory and ~e~ch s=al2 testing ~h~ 
suitat:lity C7 Abug~al~ga ilme~it2 era 3~d 

availabJe coal <Manuguru) ~s r~~uctant ~or 
~reduction c~ cre-~educ2~ i!~~~ite by ~ire~t 

Reduction Pro=ess an~ to assess tha ~3:n 
p : ,. =.> :ne t er·'= 
pr•::J•=es-5 in.;. 

-?.:.C 

vi~~ the abcve prime cbjective and t~e 
s~ope cf test work, 
~~s d~awn u~ which 

6 detaile~ schdule of 

'"":• 4"' f ..:... . ..:... . ~ 

'"':'\ ...., ~ 

··- .. ~-. ·-' 

:::. ::. 4 

cherr.ica.l l~l 
corist .L t:_~eri":~ 

Tc dete•"•T.ine 
petrolngi..:~.l 

.:=.<"'.a 1 ys is, Pu. l k 

its 
like Fe, Ti8:=-~ .~nd 

physi-.:;:.1 
:=t:..~d !.2s 
[)~ns l ty., 

c:f ::;ami:· le, 
::;h.3 t ter -3.nd 

Tc> ca~ry out reductia~ t2sts ir 

v·ario:_-.=; 

tvm':J ler 

r;:Jtar:r f•.wna.ce to -=-~cert:3.in th~ redu.c ib i 1 it::-' 
cM3r~cter1st1cs c~ ~he ilmenite ore 3~d ta 

:. :men.'.. t~ i:i 
kiln 2rd ta determine the 



3.0 TEST f'IATER!AL 

:;. .. - I liaeni te 

._'\f rer.:2 i · .. ~·.:d 
chemi r:.~ l 

f r:"Ji"!l 
.:0>.nd 

~r=~~rt~ss af t~e as receive~ samples 
are 

- • ·.::: CC".AL 

f'}-f Si.naa.r·~:-!i 

in p lo.nt 
prod~c~i~G c~ s~onge Iron has bee~ 
~ed~ct~Gt ir th! prapos~d te~t 

c=n·;;ide~·ed 

,..,CJrk. Tr.e 
~~e~.cal ~~d p~ystcal 'rcperties cf t~e cc3l ~ample 
;_!·sed .-r! tr-~0 t:est~ :!.·5 ores~?nted in tabie ~ ~-: .:+ • 

. ~. 3 Desulpha.riser <Lime StOf\e) 

S:-n.3.l l ~·-~.3_:1-t i ty ::Jf .. -:'e·=.1_~_!pf:.3_!· .. iser is t· . .:J be ~_i-;;ed in 
the re~u=t~cn t2s~s ~c restrict ?ic~u~ cf 

I l rr·e:i. t.:: 
.-, -&.·J..,c: CT T: _;. ._, '-- -' ... -- -

:=;:_, 1 i::'ler 
d·-~~ ... i n9 

Q -~-~.n t 
h...?_ .. ::: bee;; ~..:.::Jn·"5i•j9reG as d:?~1.:l?..!~t.:3.r1ser ft:Jr t~e t=::?·::;t:5. 
T~2 ~c~~~~ ~~a!~st~ and t~e c~emical ~~?lJ~is cf 

at 



'". 0: ~II~ ~ICAL QUAt.ITY AEQUlREPENT& OF ~ P1ATTE;R1Al..9 
TO BE USED IN DIRECT REDUCTION PROCESS USING ROTARY Ktl.Ns 

"': ...., .,.. .. -·-

~3H m3te~iais requir~d ~er the pr~d~ction Q& ~~~­

rejuced materi~I in the rotary kil~ prac~~s base~ 

._,. r_}_.- ._ho 
,.....,; .... j. ·-

be~ri~; mat2riai far re~~ction in rotary 
5ens:.-t:i.v·:~ t 1: t::-e =~·3_,~2.cte~.,i::;tic·~ :!f r.3\..: 

o 3.r3ff\e ~:==r-~., 

gssg~ti3l st~p i~ 

th~ ~~w m3terial~ 

l:ieter~-r.inin9 

::r;":i .ja~::i.ji:--:s 

IRON BEARING rlINERAL <Ilmenite> 

--=--'~.::-,__ t 

For better r~~uct1cn ~nd er·ichment cf the 
tl-ie 

;-_ .: l ii 
.; .. ~--­..... ·..:.1 

, __ :; 
·-·; 

it --5."~ ·3 · ·~ ·· ·- ·':hg '~ff1el -~ i;;g s·~;3.;:e. ;-:;ft:~,~­

:-.:Jf i:--·o;-; ,-r~::j_cj~ thE· :...,ei..~;ht ~.1f t.:~e ff,:ner.~I 

S~·i .i +, -~ :·:J r4 

., T u:r:b ::~ j.:~ r" 

: nc! i. L ::? t-: fJ!, .:.;·f trie 

r~ .. ,"_;,.::3- ... "'d t~.:. ph~1 ···· ·.c::: . .:. 
~nd Abr~~:~~ i~Ji~~~ 

·:::. t.url 1 ;-~-:~ J;-. !;f ,-:.:o ::i :2'~~ ~· i:.=·~J i " .. =:1 t l ~Jr, 

t"' '··" t ;) r '/ k .l l --~ .. ... t ~ j E.' s T r l~~ n l -:3.r I t 
;.h:J·!~.,~;~:t' :,~,cJ:'.?~' •:::t :Jr'-~S ·:::;t-,.:Juld r~'~:t 

~.·, 

.~i .t :-) .: :n:. ·.rn 

:.::• .W·. rj 

~; h =.~: 
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of 45 perce:it 
ado:?qu .. :;i. te for 
distribution of 

of CaO has beert obser·ver.! to 
this requirement. Th·::> 

it 
alsw needs to 

ob::;er·ved th.at 

be 
si::::e 

be 
the 

c:•-::inside~·ed as 
jesulphu~ising ability of finely granulat9d 
limestone is very good. The size range of 1 to 3 mm 
is found to be very effective in rotary kilns. The 
property of limestone used in th~ tests are ~iven 

in t3.b le-5. 

p 
.. J 



5. ~- Chemical Analysis of Alnagh•lag• il...,ite Sample 

The ilmenite ~arrple ~~s a~alys~~ as oer t'1e 
canst· t•-•.en":s ~tandard analytical procedJre. Var1o~s 

~uch as Fe :~o~~l), F~ (~et.j, F~O, Fe~03, 

Si02, Al203, CaO, MgO, P, S, Cr203, MnO, BaO, 
fi02. 

Table-1. 

5. 1. 1 

The tot3l conte11t in the 
Abughalag2 ilmenite sample was found to je 
39.70%. The detailed a~alysis to find 
different 
reve2l2d that the i ~-on 

p ~-esen t in the 
in the mineral 

ore 
IS 

present in t~e twc forms i.e. Fe+2 and Fe+3. 
This w~s al~o ~2V~~led in the petrol~gical 

study conducted on the ore. The a~alys1s 

result5 shows that FeO content is 24.69% ard 
Fe20::! content is 29. 327.-:. As can be 
the chemi=al ~nalysis of the ore, 

seen from 
ircn 

is associated with the oxygen in magnetite 
form. G~:ier·a 11:;> <ra::3net i te type ewes .o>.~-e p-:-or 
in reducibil1ty character. Thi~ was als~ 
revealed in the reducti~r te5ts ~on~uct2d 

or. the ilmen~b:; or·e .::it -:n operat1n9 
t.~rnper.3.tLtr?- of 1!C·(~ deg.C ~it,?-; .;t;:- ho•_trs 
redu~tioG tim9 only, 3 ~etal!i=~t~Qn of 66% 
was obt . .oi.ir""'e•:!. ~..Jh1~re? -:. f:.:1~· :-.orm.3.l type of 
Dr·es that, n·e be:n1; u:;;e•= in i.::rrL for 
prcduct1cn of Sporge Ircn ~ m2talliz3t~on of 
9C% car be ~c~e1\ed a~ an operating 
temper3tu~e c~ 1000 des.C drd 3 hcurs 
reduct:o~ ti~e. From the p0int af view of 
reduction th~ i~0~ ccnten~ in the 
iltPen:te can 
"'ii d9.. 

lower 

5.!.2 ~it9n1um content 

Tit3ni~m 1~ the 
str~ctural m~tal 

r~l~~n~;~t ir. =~::tr'"th 

fourth mo'3t: 
a.nd ni.11th -T>a5t 

:.lmt:'nitf~} s~~.mi:l>..: w .. :i:.: :3.r·?.~:,':!1f?'j as p~;;1 r~ 

pr~:~i:.ed·.~.t"~~ t. .. :} r: ·-.,:; ~~i':~ ~r L .: 'JG i;er. t 

;i.bt:r':.:'?1 t 
,J~JIJr~d:H;-':; 

~' cir- rn .::i 1 l ·>' 

1.~>re.Th~ ci·:em11.::J! ..;!r1<3.!;:~l:!. f)t·~~·~~,a•nt;ed ir. t:..~t":le 

:.i·•:i.,.,,,, th:·~·: T'.IJ:' c.•.::ir1!:'":""!nt 111 "';h? 



5.1.~ 

-~ ':".-~·! 
.· .• -· .. · 1•. 

r~e ga~g~e conte,t i, t~e ere c~n~titutes 

Si02 an~ Al203 which are undesirable in the 
~ec~ve~y ~f prime metal. The gangue =~r.tent 

in the ilmenite as analysed 15 of the order 
3.93%, 1r. whic~ ~- ~~ ccnsti~Ltes 2.62% an~ 

Al203 ~anstitutes 1.31%. The tot:O\l 
:::,~r.ten+; ir. 
c·~mp:red ta 

Ir.puriti~s 

the o~e is en lower 
ot~er ~rime ir~n ores. 

ga.ngw= 
s::.de 

Th·= i;::pLwities nor:nally· cresent in t'le or·e 
::.s phas;::Jf1or·oL•S and sulph1.Jr. A·:; ·.::~n be seen 
fr.:J11' t~:t::! c~.emical 2.na.ly~is the impurities 
level in the ilmenite is on lower side. 

5 .. 2. Physical tests cm il...,ite 

5.2.1 The physical tests like petrclogicai 
stud1e5~ bulk density, shatter ~nd tumbler 
tests have been conducted er the ilmenite. 
The p-::t:r .. -:>logi•.:::.:;. s";! ... t•ji~~s re\tea.l·:= the ~atu.:·~ 

a.nd the forrr cf the 01·e. W'-:ile shatter -3.nd 
tu.~bla:-... 
of t~t.~ 

~.b r ::>·3 i . .::;r. 

tests detarmines the ~=Id ~tren8th 

fn.3f;eria1 f.:Jr- t:-:eir r'::: ... stst.-3.r,ce to 
i. mpac. !: 'ia~:d::. i r:i:;. 

:.:) l \'"e ar; 

;::!f 

The -'.::_tmb l er 

11 k:e l y to 

ar.d 
of 
b.:: 

~;;e:'"ler.a.te?d du.r1r1g th~ re·:.:~ .. ~(:t1c.n pr:>c~s~ in 
~~e ~il~ a~d while h2ndli~g the produc~. 

P~trologi~3l studies were conducted o~ 

Abugh3la~a ilmenite sample at Re~e2rch a~d 

developement laboratories of ~atio~3l 
Mi,2ral Cevelopement Ccrporaticn, H~derabad. 

Tf-e petrologi~al 5tudies reveal that th~ 
~r-=se~1c'~ oi .t:t:nenitf~ d':i m.21.jcr miner~: wiii;.••e 
,35 ·-:i•.«~.r·t:: for;!lf?•j the •r..:cijor g~n9'-'e. Goetf-,;te, 
ltmo:·!::;2, he:nat.::.te .. ::i.nd pyri~;O? r,.-~f:.''"2 present. 
The ilmeGite s-~mpl~s observed to be fe~~ly 
m,;gni:t;•.L inf2r'liit; t.'1-:t tr:e i'.·-;,n a:<idi-~ 

pre3ent 1~ in magnet1t~ form. The detailed 
pe ~~ r::; 1 ~;i;: . ;_: ~ 1 
Ann•?.: .. ur:s'·-I. 

7 ~ ! ':;hJtt1-:.-1· Hld(O-~:-- r..if .1.l;ner1iti:l •:we i:;; 97.4:)/.. 
Th,; ·:-:.h,3t+;er· ~ridS>:: r<?5ult incii:::~te::. th.3t t;h,: 

t (i 



ilmenite ore can withstand well to norm..:o.l 
h3ndli:-:g ard is suitable ta ~rocess i~ t:ie 
r·~t-~H'Y kiln. 

5.2.4 Tu~bler index 

T~e tumbler inde~ of Abugha!aga ilmente ere 
lS observed to be se.50%. This result 
indicates the ere =ould be classifie~ as 
mediu~ hard and considered suitabl2 for 
direct reduction process us1~g rotary ~iln 

techriology. 

S.2.5 Abrasio:-: index 

5.2.l 

-rr.e 3bras icr: inae:< of the ilmenite ore 
The result indicates sam~l2 is 11.83%. 

fi~es ge~er~tion in the re tar~"' ... 
that 
kiln 

operation would be of the order 25 
w~i~h was al~c ccnfir~ed in the 
tests. From the experience of 
operating ~l~nt the abrasion 
considered to be good. 

ti::J 3f)/. 
reduction 
the SI IL. 

is 

The 
2. !O 

bul~ density of the ilmenite sample 
tons/M3. The bulk density is 

i:;; 
less 

due ta 
i lme!"l :i. te 

of 

cc~pared to the iron ores which is 
the less iron content in the 
sample. However thi~ is net 
significance or constraint for 
the material ~" the rsta.ry 
production of red~ced material. 

processing 
:<ilr. for 

l 1. 



~.3 9Pf"GP9"'ti- of ftad...ct.nt utMld ,.....,,... Coal, 
Slnoareni Callaai .. Ca.Ltd, India> 

5.3.! Proximate Analysis: 

The prcximate analvs1s cf the coal sample5 
fer t~e determinati~~ ~~ the fixed carbon. 
volatile matter and as~ was carried out as 
µer standard procedur~. The 3verag~ results 
of the analysis carried out are present~d in 
the ':3.t: l ·~-3. 

Fron 1-· .• ne table it could be seen that 
volatile matter is 27.90%, fixe~ ~arbo~ 

46. 40% ard a.sh is 25. ;•:::i:. 

5.3.2 Sulphur Content: 

. -... ::I 

The sulphur cont2nt of the ccal is cne cf 
the important characteristics for the 
eval~ation of the suitability of t~e ccal to 
be used as reductant for direct reduct1on of 
iron ores. The sulphur in coal is normally 
composed of inorganic/pyr1tic sulphur, 
Sul~h3te sulphur an~ organic ~ul~hYr. The 
presence of organic sulphur contributes to 
the sulphur pick~p in the spo~~e iron in the 
~bsence of desulphariser. The cotal sulp~ur 

i•, th: cc-3.l s.3.nple w3s ar.::i.ly·~ed :iy 
;ravimatric method. The d:fferent forms c~ 

t~e sulp~ur in Mangur~ =oal were als~ 

andlysed ~nd the re5ult5 of ~hese chemic3i 
analysis ar? ~resented ir the t3ble-3. 
total sulphur in the c0al w~s o.e8%. 

T' .~e 

With 
t~e crganic sul~hur cf the arder ~~ 0.18% , 
it co~ld be observed that the sulphur 
c~~tent in product cculd be ccntrcll~d 

well below acceptable limit with usa~e of 
li:nes"' ... t1~e CBl::i.st Fu.rn . .3.ce gra.de~· a·:; 

desu 1 ph-~.r i ser. 

The average gross calorifi~ v~lue cf th? 
Manguru coal sa~ple wa5 observe~ tc be of 

crr:!=.'r 

p1.:. r;Jos-,e.1 
.. 

r·educ t.::1n f; 

cf 5320 V~~l/Vg whi~h 13 

optimum for the spe=ifie~ 

The c3l~rif1c value Gf the 
was c!et~rmined ::.n ar. a.d l ,;ab 3 t l c 

The chemical composition of the coal a.sh 
tr.fl'..'.C~:·,1.::';! !;hE• ·.;.:;ft:ening •:h.ar,~r.: .. ·~·1.sti•.::'.:i ::Jf 

th~ co3l ~~h. H1gher ~cncentr3t1on of sil1s3 

12 



and alumina are generally in iine with 
higher softening temperature. However~ 

highpr con~entration of the iron ox1ces in 
the ash lawers the softeni~g point 
considera.biy. P1e anaiysi-::; of tt-:e coal ash 
fer the determination of SiC2, Al203, Cao 
.:0tnd MgO \..:as carried out and the results .3re 
tabulated in the table-3. The results of 
the chemical analysis of the coal indicate 
that the as~ 1s acidic in nature and 
predo~inantiy of silica with a ~a!~e of more 

5.::!.4 ~e:ti~g Chc.r:3.cteristics of c=-:;ai 3.St!_ 

In the rotzry kiln ?recess t~e kiln is to 
be operated at a temperature of 1050 deg.C 
tc get the jesired degree of re~ucticn a~d 

this requires coals with relatively hig~er 

a5h softening te~peratures of t~e orde~ =f 
100 150 deg. C above the i-: i ln operating 
temperatures. The melting charact2ristics cf 
the coal ash is determined in a LEITZ 
~EATING MICROSCOPE and •he points cf 
important observation are the softening or 
~he initial deformation poi~t, the melting 
or hami3phe~ical point and the flow point • 
The behaviour of Mangur~ coal was f~~nd to 
be extremely goo~ and the initi3.l softening 
pcirt itself w~s cbserved to ~e 1220 deg.C. 
It is ~elt that this couid be attributed to 
1 ::a-ier· concen tr:tt ior. of SL~lp~ate SL!lph•_w ir. 
the ·=aa. l 

bP.h 3.v i au~· 
te·::::;t 

.:if the 
indicated in the Tabie-4. 

res•.-1 l ts of th>:? 
co3.l ash 

Seacti.ity of the ccal refers to the amourt 
an~ the rates of carbon monoxide generation 
through the well kncwn Bcudourd reaction. 
This is an important factor in the rotary 
kiln cperaticn since the generation of t~e 

ca.rbon mono:-' ide requ i. red f•:Jr the ~·e.ju.c t ion 
of the i~on ere ts farmed in ~itu and is a 
function cf the temperature in the kiln. The 
~a3~tivity cf the ~cal is deter~iGed by 
~eightlas~ method. The test results carried 
00t ~n MdGguru ~cal indicate the r~activit~ 

,3'::; 2.10 .;:.•;. ,,f c.:~rt,.:in mi:Jno:dde per ·~1·3.rr: of 
~3r~cn µe: ~a~cn1. 

13 



~-4 

Reduciti::ty t:=sts :lre ·=arr1ed ::>:.!t :r. orde·· to 
d2t2r~1ne th~ be~a\iour of iron bea-:ng ore and 
coal dur:ng t~e reduction an~ to pre~1ct the 
beha·.·1·:::_;r -::f ra.w m~terials ir: ~·cta~·y ~-:iln -rcr 
.. _:0;1Hn 1::~·ci.~l oper·a.ti·~r.. In the labar.at·J,....y ~ .. ot3ry· 
~urrac2 r~~uc~ion tests, cper3.ting con~iticns of 
t:ie ~·Gt.~r:.i 1-:i ln :!re si1T1ulat<:-•j. The te:;t res:_:i ts 
indicate the beha~ic~r cf ~he ores an~ c2~l ~nder 

redtlcinJ 
pro;:; er;: ie·s 

ccnd:tions and establishes the red·..!c1ng 
b~sed an whic~ t~e suitability of ~~e 
c~als for use in rotary ~ilns =~uld be 

de t:=:t'"';"rt i nee 3~~ the operating parameters are 
to .~ct~:.".e tre desired levels of p•·oduct qt.:-3.lity 

5. 

".tSQRA-:."QRY HO"';"ARY FURNACE TEST RES!JLTS 

T~e ~educibility tests are ~onducted :n an 
e:~:tri=ally ~eate~ rotary fur~ace nor~ally 
2t a reduction temperature of 1000 deg.C and 

3 rete~tic, time of 3 ~c~rs. s.~sed 

th~ =omp3ritive 
~e~0nstratian ~c~le 

str-1>'i;~ 

~e::;t·: 

c:-f B~rrch 

on :. :-iow., or2~ 

c.:Jals, t:1e test i:ar·awo:t>=:rs/cand: t1.::ins for 
t~~ labo~atory -ot~ry fur,ace ~ave ~een 

dsve!oped ty SIIL. Nu~ber of labc-atcry 
ratary fur~ace test3 have been conducted an 
Ab:_:_gha.1-~q3 ilmenite are in ·=::>mb1~3ti·:::>~ w'l.th 
M~ngurv coal t8 determi~e the cot1mu~ 

ope-ating p3rameter~ for achieving 80% 
met2llizatio, in th2 ~ii,. 

The summary cf the laboratory ~~t~ry furnace 
ca~1c·_1.cted '.Y1 the ::.bw~hala. 0;,;i 

in comb1n3~ion with Mang~ru 

c~al 2re pre52nted in tables.6-10. 

DEGFEE OF METALL:::ZATION 

The degree of metalllZ3~:cn aime~ 
-3t:l"i!3st 8C·:~. Tf-.e fir-;t e::perrn:e:-it ;-1.:l'.5 

at normal operating cond1t10~ ••-
~·:::oducl; iol"l t~mperature of .'.. :)(•(· d~g. C 
reteri '; i ..:in 

metalliz3t1~n af or!y 2:.~l~ 
wit, A!-::'J')~~.l;'\g'l ~lrne;:L';~· ::>r·:!. 

W·3. S 

In 

W.:J:; 

:ja~2 

.3 

3:-0d 

:Jf 
,·;i 

impr~ve the metall1=at1~~ levels th~ t:~sts 
.:·;:r-:rji•.'.,::ir.:: ll~"!r'::' '/;H'Jo"d. T-".!::;l·;,o · :• ·~ho1-1:; tl-i~ 

jq~rec 0~ met~l!1z3t10~ ~ch~i~e~ durin~ ~h~ 
l._1i:Jc~·:3t:·:i~··~· f•J.~·n~<:e t 0.>",;t:;. ,:;::;·1d:..t 0:';r;•d .)I; 

·~1ff~:r·~1•!: tH'.;;t-; ·=or.·:::t1or.'=>. ~.int·ff .. ,l).y h: .. ;,he,. 

!. t. 



~e·::1··ee ct metalli::"'tion is possible with 
"':e:nper 3 tu~·e:; 

But hi ·~her -e~e~tion time. 
~2~?~r3t~r~~ are 
ch ~:- ... .ac ter l ·5 t 1 ~=·:: 

and larger 
reduction 

a.sh fu.sion 
reductant 

ii,;, i t'.2d by ~he 
o~ coa. l :.tsed a-:5 

~~~ ~~ndi~icn cf "':h~ furnace refract=ries. 
Keepi~g in view these conditions the final 
t?5~ parameter3 were 2s"':ablished. At a 
reduction temperat~re of around 1100 deg.C 
!~~ si~ hour~ rete~ti~n time it was possible 
to a~~1ev~ a de~ree cf metail1zatio~ of 

process in de:< of the 
ilmenite ore during the redu=tion tests is 

!~ t~e r~nge of 39% to 42% which shews that 
the ere decre~itates during reduction. T~~ -
! ~~ fi~es gene~ati2n juring the l .~bor 3. tc~·y 

f~rna=e tests is ~f t~e order 10% in~icating 
that ~~e il~enite ore generatas fine~ during 
t!ie re:juc ti or.. 

5.4.4 GRAINSIZE WISE ANALYSIS 

ana.ly·si:; 
presented in the tables-6 t~ 10 shows that 
~~e metallization level is almcst unifor~ in 
all the si~e ranges and from pcint of 
•·e:lucibility this uniform metalli~atic~ 
considered ideal. 

l.S 



--------~----~~-~-~·----------------.- -~---

~. :: SHCaiRT ROTMY KlUI t ESI 5 

3har~ rotary ~i!n is an oile~ ~ireo 

:i:1~=-= ~it:; hig""l -:3l~-~1Tc±.n.3 refract~ry· brier-::-=:. 
d, .-;..3r.ec ""'or t:a'::c:. c:ier.:..'l.ticns. The s!-:.crt 
kil~ lS equipped with a charging 
EaTp11~g ~art through which samples are 
de~i~ite intervals af ti~e. It is also 

·.:!r~Nn 3.t 
eq1J i p;: ec 

a.n oil r.JLtrr~er i·::; af hc~ .. s:shoe 
=vsr the material bed the 

i r1sl2-~ .:. ·=cFi1rT;erc i -~. l k i l r. ·=d.n 8e : i m·_r. i a ted Dt"'ei= i se l y 
i.e. r~dcc~n~ material ted an~ cxidizin~ free board 

thG w~~te gases pass through 
rat;e 

cf flew ~f wasts gases and the kiln iJrE :;su~·e are 
the waste gas 
interval·3 of 

·-:.:lntr,::;l ied b~;' the d-3.~.o~r pr·o-...-·ide=-.:G in 

time a~e coaled in :n2rt !Nitroge~) atmas~he~e and 
an.a 1. ;:sed f.::r r·educt ion .:0>.nd car·b•::Jn 

'!:""' ~ ~ 
,..J. ·-·,. ·- In 311 ~...:: i l r1 

conducted ta process 420 Kg. of Abu9h~:a;a 
ilmenite !n combination ~ith Manguru coa!. 
Since th~ ;;:-.. if!'te .aim cf tf'le bEnch =-ca .. lE te·:=;t·:3 
were tc prodLtC2 p~--eredu .. ::-ed il1h~:;1ite t.:'f 
~·ea·5•:Jna.b l y higher de•; r~"= a f rne t .::i.11 i:.: at l on 
f:~r furth2t' pr•.J,.:f~ss ir,g th2 san-;e to prod!_t~e 

Titania rich slag in submerged ar: -f:_,_rn.:3.Cr"?. 

The tJri;;ina.1 . .;..';~ recei.·ver: s.;,;nples ;"'1-:3.S c~.,·-t·'3r.e-j 

to the size of 3 to 15 mm a~d this materi~l 
wa~ ~sed ~n the sh~rt rcta-y ~lln for 
prod~ .. ~cti'=)··~ ,:Jf pr-?r·edr~ced rn::i.ter1.al. The as 
r::-=::cei·.,2,:: At;u.~h.3.1-~.'da. il.r~;;?'."'11t~ sa.t~ple wa.s ~~f 

the s1;? -=omm, t~2 detailed size an3lys1s 
~F ~h~ 3~ ~~~eived samp!e is ~iven in table­
~ I~ order ta process these m~terial in 
~Gtar~ ~iln the dS re~eiv~d Abughalaga 
ff: :ter1a! was cr~shed and prime size prod~ct 

1:~ .~:--n. si.-:.: v1a·::; u;.-5~}~: in ·t:he final 

~~f';2r C"J'.i,ju.:.:t.·t:-ig "t::""ie r~qL~irec! n:J.tnber '.Jf 

t;est<; 1 :3. ne': of'+~() 1·=9· -:.f ilm(~nite W3.S 

~J -:·:. t chi:'?::; ': rJ 

' 1. rn<:~n i ~ e. 
wori"(.~d ;..Ju. t 

:n ':h~~ ro;:;f-'.:::>rt t"C}td~ ... :t° kiln tn ~.;i~< 

produ~e 305 kg. of prereduced 
Th~ 3tandard t2st ccnd1tions 

in laboratory rotary furnBc~ rlas 
~alnt~Lned for the ~hart r~tary \iln tests. 
Th~~ r €'· .,, ·,; 1 t :·; :J f th c~ ::; ho r t r ~:J t •" r ~: i. i 11-, ,3 ~· 8 
!Jt'>':''''~~nt::!d in ~>3.b.l~~-·12 +;;::; l7. 

1 !.;, 



Th-=: :::t•emical a.r.alysis of samples drawn 
variGus intervals cf time ha~·e bee~ ana!ys~d 
for ~Pr,~, ~e(~e~l, Carbo~ ~nd s~io~er in 
c~e case of magnetic products and far non­
magnetic product5 the fi~ed carbo", as~ and 
volatile matter have been an3lysed. The 
~esults cf ~ha short rotary kiln tests shews 
that a metalli~ation of about 65% could be 

The analysis of 
p ~~oduc t 1·ev:a l ·:; tha. t carb=::::!n 
r_:.til:.~2d d~-~ring the test-~. The 

:-1on-magnetic 
i·o:: properly 

product frr:-n 
the 2. l l rotary short rotary kiln test:; w~ ,·e 
mix~d aGd a co~pcsit sample of 300 kg. 
prereduced ilmenite sample was despatched to 
USSR for further testing. The detailed 
chemicdl a~alys1s of the campasit s~m~le as 
de~patched tc USSR is presented ir table-i2. 

17 



t .. C• :";DD:::TIQMA:..... TESTS ClJNf->UCTED ON t~BL '3HALAGA ILMENITE 

6.1 

SAMPLES 

~NI~O vide their tele~ No. 55261 dated 
19.12.90 commenting on the progress 
te=hnical report su~mitted ~y SIIL on Abu 
Ghala9a !liTh?riite test ~--s·~r~k infar~1ned to fin•:i 
a!te~:1ative p~ssibiiities ~c achieve higher 
degree af metallization for the reduced 
I'.me:iite. Acc>:irdi:-191::: additicn-3.l tests were 
condu~ted on the balance available sample. 
1'<1e .:;dditicn3.l te-;;;ts conducted on finer· 
fra=tion <-3mm size) of Abu Ghalaga Ilmenite 
r~ve3led that it is passi~le t~ cbtain a 
metallization cf 83%. The additional test 
res~lts ar~ i~corporated in this chapter and 
rnade p~rt cf the fi:-ial ~·epurt. AJso tr.is 
chapter includes the clarific~tian to the 
poin~s raised during the discussions on 

ft ~-3. l report =--·21..•:! a.t Cairo from 3rd to 5th 
A:_;gus t 1 991. 

Or.l;in.:3.lly 
I l r011:?n i te 

received Abu Gh.3.lag.-3. 
the 

~·3nge of l(! tc 
samp le W-:3. ·:; in 

50 mm. This samµle was 
crushed to standard size of 5 to 20 mm an~ 
used in tests conducted so far. Number of 
tests ha·.te been con due ted ea.r 1 i er 

par..J.met2rs SL~Ch 

r·etent ion time 
3.'E 

and 

red1Jc+; ion 
carbon to 

rnetal l i ::e..t ion 
In all the tests the highest 
levels achieved was only 66%. 

~.2.2 The add~tional tests were conducted on t~e 

finer fractian of Ilmenite with fine 

~=a!. At 1100 C and 5 hours retenticin time 
the -3mm size fractic~ of Ilmenite could be 
r-~d 1_:.c:::;:d to :3. met.3lJ.i;.:.3_t.;ion l~·.,rel o-f 93~~ .. The 
che~ical and physical size ~nalys1s of Ab~ 
8h~l3ga Ilmenit2 Hnd ~031 us~~ in the tests 
~re given ~~ t2ble tq ta 21. The additional 
l,~~.OCH'..=t.tcry r1;;~.:-1~'"~i f~.'.rnac2 te~st resu.lts are~ 
p·.,r~·::ient .. ~•.1 Lr1 ta.hle 22. 

6.2.3 T~e f ~~er ~iZ~ fr3ct1cn cf Abu Ghalaga 
!lmenite in =ombi~at1on with 
1·~l3~1~ely fin~r fracticn cf coal re$ult~d 
th~ ~~h1evement of ~igher m~t3llizati~n. 
T~~3 i3 due to the fa~t that the small si~e 
particle~ dr~ ~x~csed to larger surf~ce areJ 
.3:1Ji '..·~'Jl~ ·fur r;~;.:!uct~c:n ·3.nd thf.! ;:rJr·e r::-i 
P':Jrti.-1~·~ :-:o•.· . .1-i tnc.· r.;;>d1_1;:-=d 1-11;-Jll whP.P cnmp-3r .. ;.:od 



·~·. :: ... 

to large size ~article. 

6.2.4 1ne 35 re~eived Abu Ghala9a Ilmenite is i~ 
:ump farm having size more than 10mm and i~ 
-e~Lir2s to be cr~shed t~ ma~e it crcp~~ 

size for feeding to ~at3r~· kiln. The 
·:;;t.'7.nda.rd ::;::. ze 
k i l r. c~per.3. ti :.:Jn 

requ.ired 
~"" 5 tc; 

fer :v:ir:r . .;,.l 
4-h·­
•-1t. l =-

standar~ size is net yielding required 
degree of metdll1zaton, in case of Abu 
f3h.?:J3.i~.3. Il111~r.it2 it ~a·=:= t~J be •=:-'t_rst:e·j t~ 

r.a.nge. is ~a grinding or 
e~tra cr~shing is in~clved in obta1nins -3mm 
size ilmer.ite, =rushing operation 
will yield ~his size. 

p.a.rameters Gf th2 te::ots a.nd 
consumctio~ jata fo~ t~e 3dditi~~al tests 
conducted OG Abu Ghdlaga Ilmenite :5 

.3. t 
comp let.: ch-?mical 
Ilmenite prcduced 
give~ in tab~e 23. 

19 
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FINDIN6S 

-: 7 .. ·-· 

=rGm the !a~c~~tcr·y ~nd ~e~c~ sc?le tests 
cord~cted an Abug~alaga ilme~ite sample, it 
i·= observ·ed t~.a."t i~i7'e:&ite Cr"'g l~ -~~~.it.3.::le in 

C•:Jmb :n-3t ion 
croduce prereduced 
kiJ:-.• 

nor: _c?~k 1 ng 
in 

tc 
a. rot:lry 

ccals having a T1xec .::ar::Jon 

of 45% is considered suitable reducta:-it. 

Tile e:<ten-:;;ive tests condt_:.cti?".! er. Abu Ghal.:3.gi.:t. 
Ilmenite are in cambi~3tion with non-coking 
~oal revealej that the ere is dense hard and 
:s poor in red~=ibility character. This can 
~e 5een frcm the test result3 that +Smm size 

is net able to ~educe to the 

paramet2rs i.e. reduction temperature 1!00 
~nd ret~nt1on time cf 6 h~s. 

adc it ior.a. l ,.qbu. 
Ghal39a Ilmen~te ore revealed t~at wit•1 -3mm 
s1ze fra~tia~ of Ilmenite a metalli=aticn of 
83% c~n ~e obta1~ed. 

T' . f""rt-? fin~r fraction <-3mm size) OT 

5 ta 20m~ ~ize ilmenite. Als . .J thP fir.er 

~dter1~l cculd give highsr cutout 



Conclusion~ 

:::> 1 
·-· • L 

- .--, =· • ...:.... 

0 "":!" 
·~· ·-· s~Jb-b i tum l r.o:_:.·:5 

tJ·:; = ~ ... 3. t ~ ri q ~·-3. r 3.;lte t e ~--- :s 

ConsumptioG Norm~ 

....... -.... , .,,. __ ,,, 

:_;~JB. 1 

!3. <1 

b II '5 

ilmen1te: 

.:: on s~:.mp '; i. Gr 

lhe 2n2rgy coG~vm~~:on 
7 ()1::· k r~~ ·:J f f: r:i-'..) ] ( 3. -7:::; 

~ ~ -=-· -_ -

-'· = .- ~·= 
·::~t . .:: :~- :.--. -

.. s th :;:r Smrn 

,-.. .:_,;:: 
-· .. ··- __ J 

5 h""':; 

··-'• 7~ 

.1. ,;; 

mi 1 l l i:::>r-. I/ 1 ·-. . -~ .. , "' .:.... . 



necessarily crushed to t~e required size. 
The standard siz2 required fer iron bearing 
mineral<Ilmenite) is 5 to 20mm and for 
reductant it is -15mm. Normal crushing 
operation will yield -3mm product hence no 
i::(tr·:::. cru.-::;hing or g1·inding is involved for 
Abu Ghalaga Ilmenite to prepare -3mm feed 
size material. 
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RECEIVED FftOft 

INTRODUCTION: 

A sample ct il~enite rock weighing abcLt 300 grams was 
received in R&D Centre of NMDC on 4th June.199(' from 
Mis. Sponge Iron India Limited <SIIL> for mineralcg:cal 
studies. 

PUPPOSF 

The purpose ~f the study was 
mineralogical co~position, nature 
t~e size cf the Ilmenite grains. 

to fine 01..1t 

of gangue mineral 

MEGASCOPIC CHARACTERISTICS 

Colour 
Streak 
Lustre 
cleavage 
H.;u·,jness 
Fr.~c"tt.tre 

App.Sp.gravity 
Ma9netism 

; 

Dark grey to blackish grey. 
Bro~-in i sh b la.ck. 
Metallic to sub-metalli~. 
Absent. 
5.5-t.O. 
Une·.ren. 
4.23 
Feebly magnetic. 

Microscopi~ rharactaristics 

the 

The microscopic studies revealed the presence of 
Ilmenite as major mineral whereas quartz formed the 
major gangue. Gaethite, limonite, hematite and pyrite 
were present in minor quantities. The text~-= was medium 
tc coarse grained. The description of the individual 
miner3ls are given below: 

ILMENITE: 

It wa3 noticed as a majcr mineral. The 9ra1~5 w~r~ 
euhedral and subhedral. It wa5 mostly light g~ey in 
colour with brownish tint. The cl~avag~ w~~ a~32nt. 
Refle~tivity was moderate. Plecchrci5m was vary we~k. 
UrH:l€•t' C'.t".:>':iSE!d ni(:r.:il~; it ~:v::iwed uridurlo·.:;e r.>:~+.·~nc:t::.cin. 

Twining was rarely otserved. At fe~ places Ilmen1~e wa~ 

~een altered to hydr~u~ i~on oxides. The Ilm~nite gr3in 
were tightly embedded tn the grcuncmass composed of 

...,, 

... ,/ 



quartz. ~ew ~inute grains of pyrite were sE~n within the 
!lmenite ~rains. The size cf the Ilmenite gr~ins ran;ed 
from 5 to 880 microns. 

QlS';RTZ: 

1: t oc•=ured as majcr ;ar.g!.ie mineral. The gr;:;und_rr:3.SS wa-:; 
comprised ::;;;f qu-.Olrtz wh::.ch ~.;as general !y amorphous in 
nat~re. Occasionally it 3howed crystalline structurE. It 
was colourless to grey in colour. At places admi~ture of 
hydrous iron oxide were seen ~ithi~ the intergran~lar 

spa~es and the cracks. 

GQETHITE~ 

It occured as one of the minor constituent:; i" the 
sample. It was greyish white in colour with reddish 
brown internal reflection. It was mainly observed in 
cracks and cavities. It was found replacing the Ilmenite 
grains as well but such cccurences were not very common. 
Goethite was amorphous in nature. 

LIMONITE 

It 3.1-::;o occured 
·~een in 

as minor canstitue.,t after goethite. It 
association with goethite and quartz 

specially in cracks a"d It 
cryptocrystalline in nature. 

HEMATITE: 

Hematite exsolution were occ~ssionally seer i..n the 

section. This was observed mostly jn the wargin of the 
ilmenite grai~. At places it wai seen altered t~ 
Goethite. The size ranged from n microns to 260 m:=rons. 

~yrite w33 noticed 3::; 3C~tterej mi~ute grains w:th;~ 

the ilmenlte. It w~s pres~~t as a!terati0n product ~f 
~lm~nite. The detail~d pr~pert1es ~o~l~ no~ j~ ohserv~d 
due to its f1~e~es~ of grair 3i:e as 1t was beyord t~e 
scap2 of ~he m1~ras~op~. The ~i=~ ~3~ge w3s from ~ 

m1~rons ta 3~ micrc"~· 

the ma Jo,... 

ir.~ . .-10,-­

m1n~r·~ l. 



Goet~ite, limonite! hemetite and pyrite was seen as 
~incr constituents. The il~enite grains genrally 
appe~red quite fres~ except few grains which wer2 
altere~ to/replac~d by hydr~us iron oxide~. ~he grain 
si=e of ilmenite ranged from 5 to 880 microns. Other 
constitue~ts were amorphous i~ nat~re. Mainly alteration 
and replacement t~::tures were observed. 



TAILE - 1 

Constituent Assav ~%: 

Fe {t} ~9.70 

Tit)2 37. 2t) 

Fe+2 19.20 

FeO 24.69 

F'e+3 20. 5(: 

Fe203 29.32 

2.6~ 

Al203 1 ~1 
.... J4 

Ca.(? o. 19 

MgO :3. 55 

!). (? 15 

s 

Cr203 !). 15 

Mr.D 

Ba.0 c~. ,;2t) 

0. 060 

Na t). (H)5 



TABLE - 2 

Phxsic•l prq>erties of ~laga 11-.ite s-tle 

I. Screen an.al vs is of .as re 0=ei ved samo le 

Si=e Range 

+ 3\) - 50 mm 

25 mm 

+ ...,,; ...... mm .:.... '-·· 

+ 1 c: mm • •_J 

+ 10 mm 

+ 8 illt!l 

+ 5 iliffi 

+ "'!' mm ·-· 
+ 1 mm 

1 mm ... 

BLtlk density 

Shatter i nde:-: 

27 

l1't. frC\.ction :: 

25.43 

26. ~)7 

13. t)3 

1 ~ L 1 
.t. I • ·~ .&. 

,-~...., J... 1 
••• ...:_. ;..J .a. 

!). 78 

(:.. 13 

1. 3(: 

2. 1() gm/c:r: 

93. 94 i~ 



TAILE - 3 

25. 7i) •_! 

Vclatile matter 27. 9(! /. 

F: :<ed Carbon 46. 4(• :~ 

1'1oisture 4. 8(~ I. 

Si~)2 C'C 
~ . . 50 :r~ 

':\C" 
..;..._}. 40 7..-: 

Fe203 8. 21) ,. 

~ 40 /. -·· 

Mgc t). 85 1. 

III. Su.lphw· an3l[5is in C:i.31 

Organic sulphur o. 4821 .• 

0.38 i. 

!).8781 i. 

28 



TABLE - 4 

I. Screen Analysis 

.Screen si::e 

+ 1~ - 15 1nm 

+ 10 mm ::e.e7 

+ 8 :'!\ti. !.S.45 

+ 5 mm 

+ 3 mm 22. 48 

II. Gress caiorifir value 

..... 
·.· 

Softening point 122(• c 

Melting paint 1 -:--:re: ,-
J.---·-··~ ·-

·) 

138(~ c 

3 
2.1 cm ca/gm carb sec. 



Constituent 

Cao 

Fe Ct) 

MgO 

s 

Si<)2 

Al203 

LOI 

II. Screen analysis 

+ 

+ 

-. _, mm 

,-... c:: 
• .. · . ·-: mm 

~). 5 mm 

Assay 0~) 

47~26 

1. 37 

1.51 

0. !)LI 

8.23 

• ,_,L 
! .. ~·-I 

14.04 

42.38 

43.57 

; . 
., .. 
., 
'" 

TAILE - 5 



LABORATORY ROTARY FURNACE TEST RESlL.TS 

I. Inp:...1t F:a\-9 Materie.l·:s 

Iron bearing minera! 

Dasu lphuri se~· 

II. ie3t car.diticns 

S/Fe 

Rec~Llction Temp. 

Ratention ~ime hrs. 

III. Test S:Psr_(lts 

!"let .:l l l i z a '.: i O"l 

Table-6 
Standard ro~diti~ns 

EGYP'. Ilmenite 

SI IL Lune: tone 

: ~)f)(~ c 

~)=cr::p i t-?~t icn 
Bel: .3'.'iO'.lr 

(+1 ;: 22.56 

Pro=ess D~gradation 
Ince:·: 

0:: ide feed 

Reduct ant 

3 m:n 
5 :Ttffi 

41.38 

Tl I ..... Gra1nsi=ewise Analys~s of ~agnet1cs 'X> 

--lmm -=!O ri,-l -· ;" . ·- ,_ 

5 mm 4(•. 00 

!5mm 4~.00 
·•· 1 ~rr.,,-. 

r:t:<ed C-?~ .. !:J!.Jn 
;,:"r=\~ 

9.75 

9.(*:8 

9. 0(' 

Metn. C.3 t•b::n. 

25. !) ::i. 45 

22 .. 5(~ ,.... 3S 

2~. 'S(J c. 35 

: 
28.96 
38. 03 

('. (~ ! Q 



LABORATmtY ROTARY ~ IEST RESULTS 

Redu·=ta.n t 

Petentic~ ~ime ~r~. 

I I I. Te·5t ~'.S-:?;t...t! ts 

T: I . ~-

' .. '. 

Proce5s Degradatior 
I;.de:: 

0:-:ide fe'?d 

•: 

·:: i ....... 

-- l i!1ti. '7Ci ~.-~ -· .· . ·'-· .. · 
39.?S 

<J(·. 32 

1'l.:). 8(1 

;~ L-·-· .. _. 

~ u .. -
·..J I J' =.: • 

,., l 'f "":!" 
,:__ ... ·.-· 

:-9.38 

9.41 

Q .,~ 
' • ...,_ .. .! 

.• ! ~ 

Table-7 

-d~ -

De·=~ .. ;.::: .. t . .-~. ': i~n 
E'ef! -:~. ·._.r: ,~~-u·"' 

1 !'n;'ll 1 ,.-;. 7C' 
... ·-·. ·-·-· 

:~ir. 

"" nm 37. 4.~ 

'"/ ' - '•. 

...,""':"."' !::""'=::' 
~ _, .. ,_ ·-' 

25.6~ 

- ..., ' .- .... -.... -· ....... _. _. . ·.. . 

'25. 8:. (! • . -. "! -'! 

;J ~"'Odu.:-= ":' 
~----



LABORATORY ROTARY FURNACE TEST RESULTS 

Test N·::;. 

p~~~?3S De;ra~3t1=~ 

: r ~:e-· ·.· 

- •J;· id::= feed 

~ :nm 

!":" , .. , .... 
:lllli 

1 !)r.1:11 

~·.:m11 

. ; :.. Srr, ·r 

i. 

•: 

a. 1 ., : .... "" -· 

EG'{P~ : lmen it? 

-de-

SIIL :_ixest::lne -Jc-

1 c~5t) c 

Si::~ 

' 7 '7<=' ...... : -' 

:9.4: 

:o 

19 

28 .. ·~·(· 

7(·. ~J(· 
·:· .: .• 1 ·:1 

1 
..,.. 

'S 

11= 
T • .",. 

10 '":!""='"" 
''-4" · .. /-

~:t~ 

.~'!': 

!":"l='!'i 

~ :.' .. ""=' 

~~ 

•' . ·- -· 

Table-B 

o,.:s 
-.-. -:re:" 

-c ·-· . ..:: .. ~ .. "i I• 

.-.. •:,: ~ 

·:··" ·::· 1 ~ 

,-.. ' .. , . .., 
'·· .. 



C/t::e 

TT T 

LABORA"';"MV ROTARY FURNACE TEST RESULTS 

/. 

64.2S 

IT.-, ' L 
""1" .. .;.. f:.i._ 

~"""!!" 70 _, -·' ... 

..,-: ~ .{.. 
.• '~J 

.,0 ~~ ... -...... _,,_. 

.-.,-, r.:::i::: 
.• ·-· . .J 

.-....:: 

Ber. av· i i:Ju t"' 

l •/ \ 
• ••J 

i). 35 

Table-9 

~·· .... ;~··::.:(! 

i). (• 1.~ 



~.) 

~-

I! 

C/Fe 

Ave~3g2 ~etall~zatio~ 
. + 1 T.11 ;, 7: 

0 rc=es~ D29~ajation 

I:-~ce~=: 

1 

"'· 

-- ~.::in 

1..Smm 
->· 1 Srn'.n 

A;;:!1 

Fe<'.: 

~,·1 C .!. .~I.!.: i. :~ :~ 'V? '.) t '"° 2 ~ ... 

Table-IO 

M.:::i.r'l 9L~ .... :_·. ·::::J -3. l 

·:~.·. 65 

- -·-.s. 

43. 7 8 

'°';\C:· q 1 .. ._-'. , ... 

22.:?Li 

., 

-1 :7';IT: 
,......, --.. n:r _:_v. / -

~ ·;c ~ c-
- .• -r:. -· ,. .. .!. ·...; 

-S.~ • -r ,-.. 

[. -.,. ·-r /... 
I -· .. I t.J 

.;. , . . -.( 

C· .. " < ·r ... 

,-·, ":!'O ·-·. ·.- '-

. .. -~ .. t 9 

' .• :-2 IJ 

I ... i., ~ ... "• "I 
,.;_ .. =-:..~:-·-· -·· 



Dearee of l'letallizatian obtained at various test canditians 

Rete:itior. 

1000 < ·-· 

< ·-· 

1t)5(; 

1 5 

6 

S/Fe 

(~ .. ~ 

i). 6S 

f)<&65 

f). 6S 

Metallization ... ,. 

,..,,.., ~ ..... 
~..;.. -..J•-

,..,.C' .t.~ 
~-.....!- t,_."·.-· 

48.20 

64.50 



qeference:Abughalaga Ilmenite 

Dre T • . "-
4 Lmen l .,e (70 kg.) 

0 

Temp. 11 (~(: c 

I. ScrePn Analysis 

Feed Material 

Scr"'ee Size ! ltnen i te 
(mm} 

i C.'. • 
~--I 

50 3<). 5(1 

+ 8 I 12 .. ~<) 

+ 5<) 1 0 "":!°•-· ..:.. ,, .. _.,_. 

+ < ·-· 25. !J.(' 

+ 1 

1 

Sample Sample Reference Tern~. Fe~T) 

( 1 ,. After 

After 

,_, 
\ :;. ' After 6th 

S::imp L;? No. 

( 1 ) 

r-· .• ~' r 

'io•_lr 

l C~9C· 

1100 

•)ol::i.ti:!..; m:tter 
~~ 

.q." S(.l 

3. 6(~ 

37 

4.3. 38 

.q.1+ ' 3t. 

Red•_tc->:.an t 

S/Fe r.=ltic 

~·rcdr_tc t":; 

., 
i. 

lll.29 

...,~ __,_, 
~-...t .. ..:..4 

-~ . " -~·....::. l -f 

~ C::"'7 ·-·· -~. 

Table-12 

~) .. 65 

., 
;. 

2('. 85 

~.-. ~c.-
.:... -· . ..:-. ~ 

Fe\~; "1etr.. c 

23.99 

24. ·7:: 

2'3. 7.4. 

64.97 

68.04 

·: 
;. 

~c:: -­·~ ..J • _ • ._ 

58. 7-;. 

3(: .. 53 

28.36 

22. t3 

"·' . . 
r .. ~c: 
'· • -· ...J 

., 
,.. .. 

.-.• ;--.·~ - . '-·..;.. 

~ ! • ~..' 1 



:. t c· 

!I.Screen Ana!y~i~ 

1 , .... 
.&. ._ .. 

8 
c:-

: f \ 

St!! 

6';h 

1!:" ~o - ......;. ·-·-
23.73 

:=-e(T• 

'~'.Y.: 

: 

•: 

1 c -... -, ._. --.•. -

.. ·= ........... 
L ·- • ·- ,,:,.. 

-io .,,. • __ J 

•,/cl at i le T: 3. t 4: i?.· .. 

: I \ 
'• ... ~ 

l ~ \ 
• . ...:. 

.,. 

. , ., 

"" -__ ... t 

Tabl~13 

~). 65 

15 .. 3·~ 
23. 1 7 

1 c- c: . .:a - -· . -- '-' 

C°'.1 
- ...1 .. 

,-

•1 ,-. 

.-

·:.·. 4,., . . ~--"":1 

• .-. 't - .. . ~ 



' .. ~ 
(~: 

(3! 

'l!lm: 

+ 

+ 

+ 

8 
5 

1 

l. 

After 

Aftar 

After 

, 1 ' ' ... } 

,_..,, 
'· .;;. : 

4th 

c:;•;... 

6t~ 

.:i 

':/Fe 

!. 
•,: 

~=~~ -::.-:::.· 
50 32.34 .:. 2. s-: 

.i. /. _:.~ 

1.4. 2(: 

12.95 

Fe(T' 
deg.C 

"10:.•r 1(l8(• 

hc·-•.r· 1 (:9(; 43.36 "":'-~ :.. l' 
...;... _, .. '....J -; 

hor...rr 1 !r)i) ~o ... 

tlol 3.t i li:? fT,.3.tt.:zr~ ., 

i...-, t ,-.. 
•--1 ....... 

..., 1 ,-. .. :.. . "' .. ~ 

1 ~ c ....... _, 81. :::. 

Table-14 

M.ar.gcru 

'JO ~!:"' ·-·· --·-
25.3B 

2(~.-: 1 

~4.S9 

c 
•: . , .·. .. .. .. , .. 

r-. ;-,1 O ·•· .... 

6·~. 36 ,:~.3:: ·~~-,:·ie 

·1. 

::':.:. 7(r 

:.. 7. 3(:· 



• 

E;,·~ t ~~1 -~. 4 
~e~e~e~~e:~~~~~alag~ Il~e~ite 

r.. .. "­'-'• t::: 

' \ . ll'm. 

1 c:-

+ 10 

+ c ... 
+ c:: 

·...: 

+ 3 

+ 

! 

! l rr.e:-1 i ~ 2 

5(? 

I 

r 50 

Sample Sa~ple Pef~rence 
P...fo. 

1 

. - ·' 

cis .. ec~ 
25.92 

'-:-1 c:-o -.i... -~ 

lb.3~ 

~emp. 
•.1 

43.36 

1 r,or-.. .. - , ·-·· -1-4. 13 

11 (l(i 44.86 

'/o:!.at i lr: m,'°_tte·· 

3. 5(• 

Table-IS 

t 1 -.. .. 
··~ - - . - -

..., ....... -:--c:; _i_. --··-

'""""""' -r~ .::.. .::. . / ,:._ 

,.,...., 00 
~-· -· i 

: .-. .:. c:;'. - - ·....:-

28.38 

t """.' ~a .. ~- ·-··~ 

., 

~l.41 49.38 

_,"7'_67 53.t:4 

2.:Y-. 41 65.56 

-+ ' ... 

-1 

., 

t_.• • !'~ 3 <) • (~ 1 9 

2. 00:: 78. 6(• 

<3: 15 

:1 •: 



~ef2re~c2~Abughalaga Ilmer1te 

~:::ree Siz~ 

15 
+ !!) 

+ 8 
5 

+ ·-

Ilmenit~ <70 kg.) 

1100 c 

I l~nen i te 

50 

5(' 

., 

,-.. L ... -
-· ,_ .. 'L.Z-...J 

3(~. 88 

_,.,., -:re 
~~- i ·-· 

~t=" 7,:_ 
~-..I• -••._! 

14.32 

C/Fe 

rw~at;r.Et ic ~ 
•/ 

1 .a. ..,...,. .. ·- ·-

12.32 
~ro:t ~..:. ............. ·-· ~ 

~.-, LC 
.,,;....:.... -·-

tE.42 

.-.c 07 
,_ ... ·-·-· 

Sa mp le S:;i.mo le i:::e+<:rence Temp ;::::-~ ~ T: F="e 'IVI' . '·: t} 

~· ~>:I~ •.! ·.-: ,4C. ._ -·~ . '-
( 1 \ After 4th hcu.r 1 ;)8(' ~- 36 2~. ,LC/ 

I 
~-..:-. _J , 

~2:! A-""":2r SJ::-: hD!-~.r 1•::-9( .. 44. 7E ...,:_::, ... ··-- -· 

( 3) Af ter 6 ':'h hOf-~r 1 100 44 78 29 t":"~ 

.;. . . -1·-' 

:-:.;;;1.:r.pl>:! No. 
... 

( 2: ~ 1 c: ....... -· 77. 75 

, ...... 
' .. .:,.! (i.C1'5 

II l 

Table-16 

Ma.~gr_:rc Co::. l 

:"::=:! -~-~~ 1~t i·=3 ., 

(r9. 13 
-->.:. "70 
-'-'•, I 

Me tr •• ,_ C: 

'• 

r=~. -I..::.. :-!,3 

ic=:= :=o 
-.J·.-1. ·-: , 

66. "39 

•! 

·~ ~ -... c:: 
...... '·-' . -·-' 



• 

;:::,:;::;"': Ne. .::, 
~2f2re~=2:~~u1~3la]3 !l~~~i"';e 

0""'·2 !lmenite r70 kg.~ 
0 

! !t)t) L 

!.Scree~ A~alysis 

FeeC M3.teri~l 

"! 

:..s 
5t) 

8 
+ 5 50 

--· 

Sample Saraple Referen=e 

( ! 

: r-. ~. .. ~" 

' 
~\ 
·-· i 

{';fter r2 ':f-1 

A fter =.;....~ --' ... ,, 

.~ "f t2r 6 
.. _ 
vO 

::;:".frj:).L2 '··!C. 

I~\ 
'-'-

h :H..'.'" 

ho .. _,_~ .. 

';c;•.T 

•.! 

,-,.; 1 "'":!" 
-# ; ... ·-· 

~7' -:""7 --··-. ·-· .. 

24.4E 
23 .. 6CJ 

11..33 

:. ::•8(· 

L•:S<• 

! 1 ·:•(• 

Table-17 

-:/F·:: r· . .:..~ ·- . ,__ "'-' 

c:·rcd:_:.,=t 

~1agn::t ii== 
!. 

11. 3~ 

i-'+ .. 93 
24 .. 32 

?C' 01 
-.J .. . -

!6.04 

•)7. 3/:: 

., 

~fc::-i-'"!3g.-iat i::::s 
•1 ... 

t)9 .. 36 
--:>1 ~o 
.,;_ .. ·-··~ 
2~ .. ~7 

.. :.4. ~ .. 7 

~o.i...r: '··-·.·.I• r 

43. st. 23.84 54.36 ~.~e 0.020 

ll4 .. ::. 

44,36 30.6~ 68.32 n ~7 0.01~ 

•; 



Tabl.-18 

l'laterial . CO!!posite sample of preprereduced . 
Ilmenite produced in six short rotar~ 

kiln tests 

Source of 
1'14lterial . Raw Ilmenite from Abughalaga, Egypt -. 

Reduced at SIIL Test Centre. 

Chemical Constituent Assay x Screen Analysis Weight x 

FeCTotal> 45.20 +lOmm 14.32 

Ti02 40.40 + a.. 15.33 

FeCP'let. > 29.92 + 5- 25.50 

l"letallization 66.19 
+3 

Fe 4.98 

FeO 12.19 + 30mm 23.20 

Fe203 7.12 + 1mm 13.SO 

Si02 2.83 - 1mm 08.15 

Al203 1.88 

Cao 0.31 

1'190 3.90 

p 0.02 

s 0.023 

c 0.29 

Cr203 0.17 

MnO 0.035 

BaO 0.024 

Cu 0.07 

Na 0.006 

43 



TABLF. - 19 

ronstituent Ass.:;·.t \%: 

Fe {t) 4C~. 15 

Ti 0'.2 

Fe+2 19.25 

FeO 24.75 

Fe+3 20. 9 1) 

Fe203 

Al203 1.25 

p 

c: 

Cr203 i). 11;. 

MnO C·. !)3 

i). (": 

Cu. 

~). t')!)5 

44 



TMLE - 20 

• Size Range Wt. fraction ~ 

+ 5- Nil 

+ 3- 1.95 

+ 1 - 65.55 

1 - 32.50 

• 

45 



.. 

I. Proxi.ate Analysis 

/.tsh 

Volatile MattP.r 

Fixed Carbon 

l I. '.icr.aen Analysis 

+ 5 ,nm 

+ 3 mm 

+ 1 mm 

1 mm 

III.Bross calorific value 

. . 

. . 

. . 

IV. Ash softening characteristics 

Softening poi,,t 

Melting point 

Flow point 

3 

TMLE - 21 

26.50X 

27.24X 

46.26X 

Weight_ fr~ct ... on_ ~ 

1.60 

20.58 

45.16 

32.6b 

5320 K-cal/k9 

0 
1220 c 

0 
1335 c 

0 
1380 c 

V. Reactivity 2.1 cm co/om carb sec. 

46 
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-

I. Input Raw Materials 

Iron bearing mineral 

Reductant 

Desulphuriser 

II. Test conditions 

C/Fe 

Reduction Temp. 

Retention time hrs. 

III.Test Results 

Avera~e Metallization 

: 

. . 
EGYPT Ilmenite 

!"languru Coal 

Tml..-22 

<-3mm size> 

<-5mm size) 

: Nil 

. 0.65 . 
0 . 1100 c . 

. 5 Hrs. . 

. 83.42 . Decrepitation 
Behaviour 

Size 
-1 mm 
-3 mm +1 MM 

~ 
: 40.55 
: 59.45 

IV. Srainsizewise Analysis of Magnetics <X> 

size Range Fen> Fe<Met.> Metn. Carbon sulphur 

-lmm 46.82 40.03 85.50 0.24 0.019 

1 3 mm 45.76 37.57 82.10 0.29 0.028 

V. Proximate Analysis of Non-magnetic product (char>% 

Fixed Carbon 
Ash 
Volatile Matter 

47 

. . 35.00 
64.00 
01.00 
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Taibl..-23 
De'•i19d ~lniw !!!, ~ 11 ... ta pracluc9d !!!. Wtttan.1 

!!!!!! 

Material Prereduced Ilmenite produced in ~anal 
Laboratory Furnace Tests 

Source of 
Material : Raw Ilmenite from Abu9hala9a, Egypt -

Reduced at SIIL Test Centre. 

Chemical Constituent Assay 'Y. 

Fe <Total> 46.10 

Ti02 42.20 

Fe<Met.> 38.27 

Metallization 83.01 

FeO 8.44 

Fe203 2.91 

Si02 2.24 

Al203 1. 45 

Cao 0.22 

MgO 3.51 

p 0.017 

s 0.024 

c 0.26 

Cr203 o. 16 

MnO 0.035 

B20 0.023 

Cu 0.07 

Na 0.006 

Others 0.165 

48 




