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FINAL REPORT ON LABORATORY REDUCTION TESTS

CONDUCTED

ON ABUGHALAGA ILMENITE SAMPLES AT SIIL TEST

CENTRE (INCORPORATING ADDITIONAL TEST RESULTS)
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tasting nt Abughalaga Ilmenite ars o
metallurgical processing to %itania slzg anc
low phosporous Fig Iron"”  awarded the te=st
work  to sponge Iron India Limited (SIILY ~ids
their Contract Mo.Gi3/1t8, The caontract was
sawardad in r2sponzz2 o the proposzal subnitted by
ESIIL vids their ietter NO.SI/CRP/RIAZIIO0

Tha ftatal project

wiz wt—1 Producticon

Sapr Sepductic

2y smelting.

P Jadow inn of pre-r-

il {contractor-

ala smaliing

a3 b ion of ftitan

WSS rdagd to Mis.

Hes ontraztos —1

In termz of tre conbtract the szope of wore of SIIL

{(Tontractos — I 1= as  follows:

.30 T zZarry out lsboratory/canch scale ora--
reduction testing {(wikth coal as s0lida
radactanty of n2 conaracisristic ilmenite
zample {about A00 Koo} £c 1lmenitc spong=s
toma {dagess of metalization 2t least  BOXK?
suitsble for cormsegquent 2iectrosmaliing to
titania ricn slag ang pilg 10o0.

1.7.7  Tn dotarmineg th2 technical parameters of
KR ave—reduction orocs apecific
consunptian data and guality/vield of  the
fomal reporth.,

TINT T prapara a Frograss Tochnica
Phoa rﬂsultz from the tacts why
ol concluwsion apowt suitan

mﬁﬁerzal firr dzrect reduction

im raziiration 0f Ema i
TN L@, thaz  Oontractor e
1
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carry out the following main activities:

ar Carrying cut laber
o

andg mireralogics
zharactaristizz  ilme
¥gs.) sccording to Lo
echnical and chemiscal
reductant tzoall to

) Carrying out laboratory/bench scaie
Direct Reduction testing with th= ilmenite
ore sample according to Contractor’s
tzzhnology and methadology. the contracior
Raz ko be in possassion of apgrepriate
Tabaoratory ani bench scale Facilities proven
for  detarminaticon of all tachnical  process
garameters, specific consumpiion data  and
product yiald and gquality.
=} Freparatinon and transportation of the
p»p—ve“v-ed Ll“grlu_ are sample {about IZ5C
f1 has per "bB*©
iities of
Ying. The
apprzopriats
ate.

crogress

rasults,

s5a.5 and

= Farficipation in fina: 2valuation  and

raviesw of testing recults and discusziaon on

prograss raports in Egvpt together it

consultants from contractors Mol 2

{(Electrosmeiting t=stsy and UNIDD s bach-
stopping professional staff,

iled  schaduols o 5 Wi b
acoordingly Bhe work wes undertalon.

This renpaort  discussas Yhe  details o
conductad o Mougnalaga Ilmerite )
combinatiuon with Mangaess To3l of g
Colleriac, as roduorant.  Tha resort alao o &
Ehe  optiman  test conditions as Aaluo thae  tewl

r.J
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Z.2.2 To  defesewmins physizal croperities such  as
. N
o ztugdias of  samclis, FCrDEn
Dansity, shatier and  tomibler
2.2.3 To garry ot oreduction ftasts in Laboratory
rotary furpace o ascertain the redocibility
characierishics of whe (lmenits2 or2 and 1o
datermine coiimun ftest parameiars,
2.2.4 T3 produose pre-racocad 1imenite in shoed
ratary  Liln and 4o o tachnical
garamebars and orofuch
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IN DIRECT REDUCTION PROCESS USING ROTARY KIULN:

BE

DEBIRED TECHNICAL QUALITY REQUIREMENTES OF RAW MATTERIALS

IRON BEARING MINERAL (Ilmenite)
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of 45 percent of Cal has been observed Lo be

adeqgquate for this requirement. The size
gistribution of limeston=z also needs to be
considared as it is obhzsarved that the
desulphurising ability of finely granulatad
limestone is very good. The size range of 1 to I wma
is found to be vary sffective in rotary kilns. The
sroparty of limestons used in the tests ars fiven

7

.

in table-S.




LAPORATORY AND BENCH SCALE TEST RESIL.TS

N

Cheaical Analysis of Abughalaga ilmsenite Sasple

The i1lmenite sarple was  analysec as  oger the
standard analyfical proceduare,. Yarioos const-tuents
such  as Fe {Toﬁ;i), Fa {Met.y, F=0, FelI, Ti02,
£i9Z, AI2B3I, Ca Mg, B, S, Cr203, MnO, Bef, Lo %
Ma wars dp+erm1ﬂeH and the resclts are presented in
Tabi=-1.

S.1.1 Iron content

The total iron contsnt oresant in the

Abughalags ilmenite sample was foung o be

TRLTOAL The destaried analysisz tao ind

different forms af iron gresent in ths ors

revealad that the ir-on in the mineral 15

prﬁsant in the twec forms i1.2. Fe+l and Fe+l
22 rav2alad in the

setroleogical
. The analysis

zan bes seen from
t ct 2 e ore, the 1:rcn
is associated w 2n 1 magnatiia
form. Sensrally pe oras ares poaor
in reducibility . Thiz was also
revealed in the tests conductad
on the 1imen an oparating
temparatura of with  six¢  hours
reduction Yima lization oFf A&%
was  obbtained, nermal  type  of
orm3s that  fra 1in SIIL for
prioducticn of Sporg mntalliization of
A0 zar  bhe acheis A an operating
Yamperaturs of 1200 1=g.d ard 3 howurs
raduction Eime, From the point of  view of
raduct ioan 9 the temn content in the
ilmenite osn be s2:1d to be on the lower
sldR.

S.t.2 Tibanium content

Titaniuom 153 thae fourth mnsy shordent
structural m2tal and ninth st abundant
algnent in @arth crust.,  Tibtariosm normslly
ooours 1n natural minerals a1 0s avides and
moatly  forms the stable 70402 g:mpavnd. The
tlmenita sample was analysed a5 per ztandsird
proscedora to fina baae T Zoantent 0 the
are, Tha chemical analysiz presented 1n table
- + b H -~ 4.

o hent n

15 af the order
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Tre gargue content in the ore 2
SisT an? AIZNI which are undesirable in th
recovery of prime metail. The gangue
in the ilmenite as analysad 1s of th
I.9TH, in whizh &€ 22 constifutes
AIZ203T constitutes 1.31U. The
mantent  irn the ore i3
compar=2gd to other arime iran cras.

Tha rnpurities

z  phasghorous and sulphur,
the chemical analysis
teval in the iimenite i1s on

normally poresent in the
Az can b2 =
the Impurities

iowar s1de.

Physical tesis on ilsenite
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Th nhysical tests like petrclogicsl
studies, bulk density, shatier and ftumoier
tests  have besn conducted or the ilmenite.
The pztralogical studiss reveals the nature
and  thea fore of the ore, While shatier and
tumblar kests detzraines the coid sirength
of the material fTor  their rosistarcs 0
abr2gion Impact handling. The Iumbler and
shatbaer 1ndiceEs give an ingdicslion ¥
srobable axztent of  fires  likely o oz
gqensrataed  during the eaduociion pracess 1n
Emg wiin and while handling the producth.
Feiroingizal studies

Feirplogizal studies wers2 conducted on
Anughalaga ilmenite sample at Research  and
developamsnt laboratories of Mationsi
Min=zral Cevalopsament Corpsration, Hyderabad.
Tre petrological studies reveal  fthat  the
Sresenca 0f [lmenite as major minaral whe: g2
a5 g tz foried the wmajor gangue. Goeihite,
1 i nematite and pyritz werz presant.
The ilmanite samples observed to be  feeoly
magnat Lo infaring kw2t wna iron oxide
sresent 13 1n magnetite2 form. The detailed
palralonlosl study regsort s presented at

Annepura-l,

Shattar

QT4

th.:

are i
that

of iloenite
result indicates

Foyoshatiar

: 1Masy-
Thns

shatier 1ndes

1Cr
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il ite ore can withstand well to normal
handling and is suitable to orocess in the
3 k

Tunbler index

The tumbler inder of Abughalsga ilmente Gcre
iz observed to be B£.32%. This resuit
indicates the ore could be class:itia as
mediur hard and considersd suitablis for
diract reducticn procass using rotary  kiln

technociogy.

Abrasion index

ne abrasicn inc2x of the iilmenite ore
sampls is 11.B3%. The result indicates that
fines generation in the rotary iln

operation would be of the order 2§ to 320X
whizh was also confirmed in the reduction

tests. Fraom the experience of the SIil
oparating riant the abrasion Index is
considered 5 be good.

Bl dansify

-1

The bul™ density t i

2.10  tons/M3I, Th= bu 5

comparad to the iron ores which i1z due  IC
+
o

1
the less 1ron £O

ntent in he iimenite
sample. Howaver this i3 nct of mcH
significance or coansiraint

for processing
the material in = ary #1ln for
sroduction of reduced materiai.
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1,4

Froperties of Reductant used (Manguru Coal,
Singareni Colleries Co.Ltd, India)

5.7.! Fraoximate Analysis:
The preximate ansivsis o the coal sampies
for the determina¥tion 3¢ the fixed carbon.
voliatile matter and ash was carried ot as
per ztandarc procedur=s. The zaverage resultls
af the analysis carried out are present2d in
the *aclia—3.
Fron the table 1% could he seen that (ke
valatile matiter i1s 27.90%, fixed carban 15
44&.4C% arnd ash iz 2S.770%.

Z.3.2 Sulphur Zontent:

The sulphur contant of the czal is cne  of
the impsritant  characteristics for the
avaluation of the suitability of the ccal to
b2 used as reductant for direct reduction of
iron ores. The sulphur in o2l 1s nermally
composed 3F inorganic/pyritic sulphur,
Sulphste sulphur and arganiz  sulphor.  Tha
aresance of organic sulinhwus contributes to

1

K &

o
i pr in the sponce 1ron in the
suiphariser. The cotal  susipnur

in hha al s53anpla was snalysed 5y
gravimatric asthod, The d:fferent forms of
the  sulphur i Mangury Z—oal  wares alsc

ed ical

he  averaga gross calaorif
Mangueriy  £2al samplz was ob
=]

trae order of SI20G Moal/¥g whizh im
considerad cptimom for tha speazitied
IrI0se. The caliorific salun of the
redoctant was  detarmined in arn adiabatic

Bumk Calorimeter.

95.%.7% Chemical Analysis of the zZoal ash

'd

The ochemical composition of the <oal %h
n the softening charact ristics mf
23h,. Higher Zoncentration of 3ilins

-
[
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and alumina are generally in iine with
higher softening temperaiure. Howevar,
high=ar conzentration of the iron oxides in
the ash iowers the softening goint
considsr b iy. Ths analysis of the coal ash
fzr  the deteramination of SiG2 A1Z203, C=s0
and MgQO was carried out and the results  ars
tabulatad in the table-3. The resuits of
the chemical analysis of the= coal iIndicate
that the asnh i3 acidic 1n nsture and
aredominantlf of silica with 3 value of more
than SOX.

Molting Characteristics of coal ash

In the rotary kiln process the ¥iln is o
be operated 2% a temperature of lﬂSx deg.o
tg get the desired degree of reductien and
thizs reguires oals with reliatively higher
ash softzning toamperatures of the order of
10 — 152 deqg.C above the #iln operating
tamgeraturaes. The aelting characisristics cf
the cpal ash i1s determined in 3 LEITZ
SEATING MICROSCOF and *he oocints cf
important observation are the softsning or
the initial deformation point, the meliting

H

ia

H

or hamispherical point and the flow point .
2

The ehaviour af Manguruy coal was Taound  to
bz sxirem=ly good and the nitial softening
point itself was cosarved ‘Q he 1227 d=g.C.
It is fe=l1% that this cou:id be attributed o
Power concenktration of sulprate sulphnur  in
the «oal ash., Tha test resulis of the
relting behaviour 2f the on03l ash arsa
indicated in the Takie-4,

tivity of the cocal refsrs to the amourt

apd the rates of carbon moncxide gener
through the well kncwn  Boudowrd reaction.
Thi% is an important factor in the rotary

In cparaticn since the generatiocn of  fhe
marbon monoride reqguired for the reduction
af the iron ore 13 formed in sita and 15 a
function of the temperaturz in the kiln, The
ragctivity of  the o2l iz  detsreirned by
weightloss method., The test resulits  carried
apit 20 Mancuery coal indicate the reactiviiy
Az 2,10 o,a, of carboan monoxide per gram o
TANTLN per B cund.
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REDUCIBILITY TESTS IN LABORATORY RNTARY FURNALE

Reducikility t=sts ars zarried out 6 grde- 0
datzrmine th2 behavicur of ircn Ses-ing ore  and
cogal during the redustion and o precict tne
benavisur of raw  materials in  rotary kiln for
sommarcial  opsration. in the= iahoratary robsry
furpace  redgctisn tasts, cperating cenditicnz of
the rotary kiln are simuiated. The test  rasaits
indicate tha bBehavicur of *he ores and -2al under
reducing zonditions and =stablishas the regducing
arogarvies bases on which thes suitabiliiy agf tha
ares  and c3als for use in rotary kilns  could be
datma-minad  angd the gperating parameters arz  fourd
tn aciiiz.a tha desired ievels of product guality
in the t3al zperations.,

.41 YWORATORY ROTARY FURNACE TEST RECIHTS

ramaters/cand:itions for

seducibility tests are “onducted in an

trizally heated roksry Turnace normally

reguction temperaturs of 1000 deg.l and

3 retonticn time of T nouors. Based  on

—omparitive study = f Bonch 3nd

aztratinn zczie tests an Lnown oraz and
= tha test ¢ b4

2

Thz summary of the laboratory roiary furnace
tast resugits conducted on the Abughalagz
Iime2nite 92re  in combination with Manguru
231 are presanizsgd in tables.s5-10.

The dagrse 3 metallizasicn aimas W3S
Aatlaast SO0%., Tre first euperiasnt »was dona2
at normat oparating Tondifion vilT 3
raduction teamperaturse of (000 dag T and
retention  time T hours and 3 T/Fe ratis of
.3, Faor thase hbast ondihions 3
matailization of orly 220947 was  acheirved
with  Shunghalags (lmenitas o2, In ordes Yo
pmprave  tha metailizatisn levels th=z tests
crdihinn s wers2 warted, Tabla P shows the
deigren of metalliitzation achaived during the
Taborabar, furnasce  btasts s o3nds heg 3t
dy Ffarent tests conditions, Narwally higher
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1.4

F

3

cf matallt
~adichion

o
cAMS,

z.tion is possible with
tzamperatures and largser
Figher reduction
itzd by The ash Tusion
reductant

The procsss  degradation indesx of the
ilmenite ore during the reduction t2sts 1=
1t the range of I%Y to 42% which shows  that
the are decregitates during reducticn. ThE -
1 wm fines generstion 2uring the tabaratory
furpace t2sts is of the order 10Y indicating
that the ilmenite ore geasrates fines during
the reduction,

SROINEIZE WISE AMALYEICS

Tha daetailesd grainsize chemical analysis
presanted In thz tables-4 io 10 shows  that
tha metallizaticn lavel 1s almost uniform in
all thz size ranges and  from point oF
reducibiliity this wniform metalliization I3
considersed ideal.




wy rotary Filn IG oan oi =
lamina refractary bricks 3NC 15
ch coeraticns. The she ia

itk a «charging dos- andg

3 2

; .
which sampies ars  drawn at
]

=%i intarvals of =, It i3 also egeipse
with  an 01l burner whoze flame is of hosszshoe
b sz the matsrial bed insidz ths
1im, actial conditions prevalling
kilr can bhe simulated precissly

ial ted ans oxigizingy Trea2 board

= gases pass khrough  the  2xhaust

i the top of burrer stand. The raie

- gasz=23 and the kiln pressur are
canktrclied by the dampar g4 in the waste gas
lin=. The samples draw ious  intervals of
tim 1 in in=ari ary atmossher and
ana rats 27 rodaction and carbon
T.T. In 2 stnert orohar iinn tastz  wara

[w}
-+
)

2
tn process 4%

condus . Niaga
ilmanit in combination with Mangury coal,
Cince Srima aim af the bsnoh zcals tesys
WS a2 roducz prereducsd ilwenite of
highar degres of mestallization

processing the same to producs

submarged arc furnaca.

vart szanplies o]

S mm andg th ial

shart rotasy for

vured  material. The as

itlmanite sample was of

detailed s1ze an3lys:is

mpla is given in table—

253 thess material  in

racaivad Ahughalags

and prime size proguct

t 1

i

. =f ilmznife  w
rotary kiln din @i

ot prereduced
¥ . 51 conditions
in laboratory rota £ f WAS
for the shnort .
the short rotary  iln ars
lo-12 ts 7.

ragquired  number of
a5

-
&




yEis samples drawn
various intervals of ftims have been analy
for Te{l}, FaiMeyl, Tarbon and sulipher
ke case of magneitisz proguocts and for no
magnetic praducts the fived carbon, ash 2
. volatilse wm@atier have besn  analysed. T
wasyults of tha short rotary kiln tesis zho
that & metallisstion of about &5% coculd
acheivai. Tha analysis o=f Aan-magnat

utilicad 2uring the beshs. The produc v
the ali rotary short rotary kiln tests wo.
mix=d and a composit sampie of 300 &
preceduced ilmenite sample was despatched
U438k for further testi T detalle:

ing. ine
-

.
~




& oA TESTS CONDUCTED ON ABL 3HALAGA ILMENITE
S&GMPLES
&.1 t'NITO  vide Eheir telex  No. 55241 datad
19.12.9¢ rommenting on  the progress
teachnical regort submitted by SIIL on Abu
Bhalaga Iimenite test work 1nformsg ts find
altarnative poassibiliities to achieve higher
degree of metallization for  the reduaced
Timenite. Accordingly additicnal tesis were
condusted on the balancs avaiiabis sampis.
Tha additicnal  tests  conducted on finer
fra-tion (~Imm size) of Abu Shalaga Ilmenits
savealead thakt 1Y 13 possible tao chtain a2
taild i f B3%. The agditional test
1t = rated in this chapter and
final report, Also  ttis
ha clarification to the
ing *the discussians on
at Caire from 3rd to 3th
.2 ASdditonal tsstis carried
5.2.1 DOrizinally the as received Abu Ghalaga
Ilmenite sample was in  the
51 of 10 %c S mm. Thiz sample was

ek m A e e

=
3 standgardg
=

e retantion time angd  carbon 3
1ron rabio. In all #he tasts the highest
metallization levels achieved was only &A%,

oA and 5 hours retentioin tima
tha action of llmenite could b=
rad rallization level of S34L. The
hea Ryst vivsis of  Abu

Tre  fimar zize  fractizon of  Abu Ghalaga

Timenita 1in zombination with
ralatively  finer fracticn of coal rasulted

the arhievament of Higher metallizatioan,
Tris 13 dus to the fact that the small sice
particles are suaosad Lo largaer surface arael

arailanie  for  raduchtion and  the core  of
particle sould be reduced well whenr comparasd

17




(A

14

(MM

ta large size pariticle.

Tha 335 received Abu Bhalaga Ilmenifte 13 in
ligmp foem having size mora than 10mm oand it
~guires Yo he orushed to wmake 1t propase
Sica far Teeding to sotary Bilo. The
ztandard size reguired for oaormal osotary
Liln operation iz 5 ts 20me sinoe ihis
stsndard sizs is noht yislding raguired
gegree  of wmetallizaton, in cass of  Abu
Thalagas Iimenita it fas  t2 be orushed %

-Ime size range. Cherse is oo grinding or
avtra crushing i1s involvad in ab%zining —Imm
size ilmenite, roreal orushing op2raiion
will yizid thiz siz=.

The basic parameters of  ths  tests and
consunntion data for- the additicnal  tesis
condocted orn Abu Bhaiagas Ilmenite i3
orasantad  at  gara EB.Zd{scagz Mol 2M:. Th=
compiste chamiral analysis of roduced
Itmenite produced in additionsl fests i3

tabie 23
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necassarily crushed to the required size.
Thae standard siz= regquired for iron  b=aring
minerali{llmenita} iz 5 to 20mm and for
reductant it is —1Smm. Neorasal crushing
operation will yield -Zmm product h2noe no
axtra crushing or grinding is invelwved faor
Abu Bhalaga Ilmenite ito prepars -3mm  feed
size material.
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Annexure — I

PETROGRAPHIC REPORT ON ILMENITE SAMPLE RECEIVED FROM
SPONGE IRON INDIA LIMITED (SIIL)

INTRODUCT ITON:

& sample of ilmenite rock weighing about 20 grams  was
received in  R&D Centre of NMDC on 4th  Jene, 1990 from
M/s. Soonge Iron India Limited (SIIL) for mineralogical
studias

The purpose ot *he study was to finc cut the
minsralogical composition, natures of gangue minsral  and
the size of the Ilmenite grains.

MEGASCOPIC CHARACTERIETICS

Colour : Dark grey
SEtroak H Brownish
Lustrs : Meatallisz
. clizavage : Absent.
Hardn=ss H 5.5-&.0
Fracture H Unaven.
App.Sp.gravity 3 4,27

Magrnatism

Feebly magnetic.

Microscoplic characteristics

The microscopiz studiss  revealed the presencs ot
Ilmenite as major mineral whereas qgquartz formed the
major gangue. Bosthite, limonite, hematite and pyrits
wara oresent in minor guantitizs. The textur: was medium
£t ecoarse grained. The description of the individual

minerals arz given belows:

. ILMENITE:

Tt was nobiced a5 a majios mineral. The gGrains wers
suhadral  and  subhedral. It waz mostly light grey  ir
colour with brownish tint. The clwavags waa abszzni.
Faflectivity was moderate. Pleochroism wazs  wvary wealk,
tnder  crossed nilcols it showed dndurlose extinchtion,
Twining was rarely observed., At few places llmenite wa:z

-3

sman altered to hydroos iron oxwdes. The [lmenita grain
ware tightly embedded in the drnunﬂm)s composed of




Few minute grai of pyrite were se2n within the
e 3rains. The :i‘e cf the Ilmenits grains ranged
to 880 microns.

w
o 71 Ul

Tt occured as major jangue mineral. The ground_mass w
comprised of guartzs which was generally amorphous
aty sipnaily it showed crystaliine structurs.
=z coclourless to grey in colour. At places admixture of
Avdrous  iron oxide were seen withir, the intergranciar

e

Tt pecured as one of the minor constituents in the
sample. It was greyish white 1n coliour with reddish
brown  intarnal  reflection. It was mainly obhserved in

craciks and cavities. It was found replacing the Ilmenits
grains as well but such cocourences war2 not very common.
Soathite was amorphous in nature.

LIMONITE

1t also cccured as minor constituent after gozthite. It
was seen in association with goeihite and guart:z
spacially in cracks and cavities., It was
cryptocrystalline 1n nature.

HEMATITE:

Hematite exsolution were oocassionally seer in the
saction. This was observed mostly :n the sargin of  the
ilmenite grain. A% places it wasz seen altered 3
Boethite. The size ranged from 4 microns to 260 miIrons.

Tyrite wss noticed 33 scatiereld minutas grains wxthin
the  ilmenite. It wis preszent as alteration praduct of
itmanite. The detailad progerties oould not Se  chserved
die o its fimeness of grair size as 1t was bayornd  the
sompe of  khe  sicrosoop2. The 312 range wWas from 3
niaroans to ID microns,

r"uvr'l ;rc' W

Tha TR L nantained tlmenata 33 magor
P AR R AT L IVE RS I TR w33z the major gangue minaral,




Goesthite, limornite, hemetite and pyrits was seen as
minaor constituents. The ilmenite grains g=nrally
appeared quits fresh excest few grains which wers
altered talfrepliaced by hydrous iron cxides. The grain

] a ilmenite ranged from S tc 880 microns. Othar
canstitusnts ware amorphous in natore. Mainly alteration
and replacemeni tesiures were chserved.

—~e

ot




TABLE - 1

Chemi-al analysis of Abughalaga Ilsenite sasple

Constituent

. Fe {t) IG.TG
Tioz 37-20
Fo+?2 19,20
Eal 24.49
F'E"'-—_"- 20,50
FaX03Z 29.32
102 2.E2
. Al12G3E 1.3
Ca .19

- .
P 0,015
c Sy
Py - ™ e &
=T = =
Cr20= .15

MO S
EaQ L3320
N O e

Na L 00

)
i




TABLE - 2

Physical properties of Abughalaga Ilsenite Sample

et

. Screeen analvsis of as received samols

Eize Range Wi, fraction
+ I — 53 am 25.43
+~ 23 me 24,847
+ 20 mm 13,03
+ 15 mm 17.4%
+ 10 am 10,43
+ B mm 02,41
) + 3 wm aT. 4%
+ I mm 0,78
' + 1 mm L 5.4
- 1 mm 1,30
T Sther Proparties
Sulk density 2.10 gm/ce
Shatter inde: 9T.94 %

hJ
~3




TABLE - 3

Cheaical analysis of reductant used in the tests (Manuguru Coal)

Ash ST A
Velatile matter 27.90 %
Fiwed Carbon 45,4 %
Moistursa 4,82 %

. 8:122 Q.90 %
AYTR0T 25.40 X
. Fal0z 2.2% %4
Cas .40 %
Moo .85 %

I7I. Sulphur an3aiysis in Coal
Organic sulphur G.4821 %
Fyrritic sulphur .38 %
Sulphate suiphur GLlE A
Total sulphur ;?;;;; A




TABLE - 4

Physical properties of reductant used in the tests (Manuguru Coal)

I. Scrzen Analysis

Screen 3178 Weight “ractian ®

+ 12 - 15 am 12,93

+ {9 mm 2E.ET

+ 2 mw 1=.49

+ 5 mm 2, A8

+ T mm 22.433
1. Sross caiorific value SIZ0 KE-callkg
ITI.Azh scfit=ning characteristics

B
. Softening point 1224 C
Malting poini 1335 ¢

§

Fiow point 1380 £

I

IV, FEoactivity : 2,1 =m coo/gm carb sec.




TABLE - 5

Properties of Liaes used in the tests

I. Chemical analysis
Constituent Assay (X2
Cal 47, 2&
Fal(t) 1.37
Mg 1.51
= 2,04
SiC2 2.23
A12GE 1.25
Lar 3I8.27
. I1I. Scresn analysis
+ T mm 14.04 %A
4+ .5 mm 42, = A
- 9.5 mm 47.57 %

i
.
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LABORATORY ROTARY FURNACE TEST RESWLTS

Table-6

No. 2% Standard Conditions
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ot
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o]
i
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Manguru Cosi

)

Dasulphuriss» : 1L Limestones

]

Teszt conditicas

0

L

C/Fa . L=
o
reduction Temp. : 1000 O
Ratention Yime hrs. : I bHrs,
I1I.7Test Sesults
Avarzga Matsllizatiaon Dacrapitaticn
Behavicur
{+1 mm} A : 22.596 Size %
- I o . 9.57
ro-ass Dagradation - 2 mn :  ZB.FE
e H - Z mn H I8.07T

t
Q
-
[}
0
-
D
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Q.
n
Y
I
U

~1mm TG00 7.73 25,4 0.5 Q.0324
1 - I mm I9.50 2,08 2T.0 PRI el
T - S omm 40,00 e, 00 22,50 0 I8 Q.027
i - LOmm AL1.00 7,22 2Z.8¢ 0.TE D.0ie
1o - iS%am 41,00 Q.2 22.50 C.T5 Coele
= 1%wm _ - _ - _
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FURNACE TEST RESULTS
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SHORT ROTARY KILN TEST RESILTS

C/Fa ratic

Sample No. Veolatile matter Ash

(2 T, 60 532, 04
A 1.4&0 TE.2T

Reductant

Table—12
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. o . . .
{mm? 4 s ‘- ~
- 15 P00 - -
+ 10 =0 IO, 50 1£, 729 -
p ~
+ 2 12.82G oF.21
= = B T s
+ 5o 52 19, T2 14
+ = - 25. 40 21,473 2E. &9
-~ 1 - - 2. 57
- i - - Z. 34 14,7245
1I.Chemical Analvsis of Product Msgnetics®
plz Samplile Refarencs  Tems. FeiT} FaiM} Main. c
deng. o A % pA “
Aftor 4%h hour 1080 4T.ZE 2T.99 S5.3IT 4.5
- B M ¥ g an =y X E - d Al = { - % 4
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After Ath hour 4%,32 7e.74 £T.4T7 .29
Che cai Analystis of FProduct (Morn-magnetics'

28.74
22.13




Table—13

e —————————t

st Rasults

S

——— -

arv Xids

per i Y

3

————

R

— g

NS e o s
» [ »
ot .” , o Do)
a
Q uy < U i to we a6
U vt e ot + + ! L O
+ A « .
ol RS o
1 5.
4 ot ] LY i
o o I v 43 RIS S O .-
[ Py BY, b u't . b o - * N
moon b .o . . . ot S O
. &) T B R | B gL . . ¢ i -
« N ] cl g it ™ [y
(¥ ui o
o W
e -~ [FQ - ~Q
a N 1 N w "4 v . fn
o L N . . . :““
» o vt e b 1 4] 1
I n a [ @] cd - w4 " (e r [ .
noow B I i oot " Wb
bl L n ot Voo [ « ' W [ a [N
¥l %) ] [} ! [ i - : -
. o hd Lo o I \ L % e
7, -+ - & oy} ! e J r 1134
S s ORI YRR Y
u e . . * i
) 11 b () st c
oy b 41 " 28 ) Q &)
ni (T 7
: e s . ! ! -
' .. W b <y ' S
- . et i LA R + LY
T e N U+ o
R b B 00D S ow b
L1 LU o vt he "
B i i~ 1 w4 .t o [
b iy 0 5.
R 0 . ld -
ot . il . oot o b
W) yat [ u (W ¥ 2 [ A
o ] fly & C . 18 L a_ 4 c . .
s 4 & 0 4~ a 3 T o] a S
o . o T8 | | | &} 19 0 s 0 n ret
i [ Y] o L £ £ : o
€ 43 in Y 5
- i m i ' £ A7 £
14 o 3 1t ik +> e 4
K ] s e N By .
A o oon - iy Q
] et o ot m A 5 A e r
- " . i} a__ D) o 43 t a M -~ < -~
g [ U T - < 53 40 42 4 -t o — 4 [
4. < fl m 4. G- Y t - o “
! ] us [ aJ TR [ 3] v 0t =) Wl <. [x# [+3 i) f1
(AR it C . o i N &
Yo % 1y u u € "
) Ci mn mn [ [ | + + ' n @ 0N
- 3 £
Ul 0 - -~ -~ (@]
[ O - @ 1 .
. ) e N s Ves
bed L] | ok
[ 2X] bt e
. . .
. . *




Short Rotary Kiln Test Results
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ghort Rotary Kiln Test Results
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Short Rotary Kiln Test Results
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ghort Rotary Kiln Test Results

Table—17
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Table—18

Detailed Analysis of Prereduced llasnite

Material : Composite sample of preprereduced
Ilmenite roduced in six short rotary
kiln tests

Soaurce of

Material ¢ Raw Ilmenite from Abughalaga, Egypt -
Reduced at SIIL Test Centre.

Chemical Constituent Assay % Screen Analysis Weight %
Fe(Total) 45.20 +10mm 14.32
Ti02 40. 40 + Bam 15.33
Fe(Met.) 29.92 + Smm 25.50
Metallization 66.19

+3
Fe 4.98
FeO 12.19 + 30mm 23.20
Fe203 7.12 + 1mm 13.50
Si02 2.83 - 1mm 08.15
Al1203 1.88
Ca0 0.21
MgO .90

P 0.02

S 0.023

c 0.29

Cr203 0.17

MnO 0.035

Bal 0.024

Cu 0.07

Na 0.006




TABLF - 19

Chemical analysis of Abughalaga Ilmenite sasple (-3 em size)

Constituent Assay (A7

Fe (52 43,19
L ] - -
Tial 74D

Fa+l 20, 90
Fal2(l 28,85
S:i02 2.17
AlZ0T 1,75
Cad 0, 20
Mo T.3E2

T
n

] Cra G20
-
Cr203 .14

Zu Cra Ok
Ma O, O0S
Bthers STRARIE,
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Size Range Wt. fraction %
+ 5 am Nil
+ 3 am 1.95
+ 1 mm 65.55
- 1 am 32.50
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TARLE - 21

Properties of reductant used in the additional tests (Manuguru Coall)

I. Proximate Analysis

tsh z 26.30%
Volatile Matter : 27.24%
Fixed Carbon : ab.26%

1I. Scraen Analysis

Screer. size Weight fract.on %
+ S .am 1.60
+ 3 mm 20.58
+ 1 mm 45. 16
- 1 mm 32.66
111.6ross calorific value 3320 K-cal/kg

IV. Ash softening characteristics

Softening point 122000
Melting point 13350C
low point IZBOOC
2
V. Reactivity : 2.1 cmb co/em carb sec.
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ADDITIONAL LABCRATORY ROTARY FURNACE TEST RESULTS

Table—-22
I. Input Raw Materials
Iron bearing mineral : EGYPT Ilmenite (-Jmm size)
Reductant s Manguru Coal (-Smm size)
Desulphuriser g Nil
II. Test conditions
C/Fe : 0.65
o
Reduction Temp. : 1100 C
Retention time hrs. t S Hrs.
II1I1.Test Results
Decrepitation
Average Metallization : 83.42 Behaviour
Size A
-1 mm : 45.55
-I mm +1 MM : 959.45
IV. Srainsizewise Analysis of Magnetics (%)
size Range Fe(Y) Fe(Met.) Metn. Carbon sulphur
—1imm 46.82 40.03 85.50 0.24 0.01%9
1 - X mm 45.76 37.57 82.10 0.29 0.028

V. Proximate Analysis of Non-magqnetic product (char)%

Fixed Carbon : I5.00
Ash H 64.00
Volatile Matter : 01.00
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.\

Detailed

Table—-23

Analysis of Prereduced llasnite produced in Additional
test

Material : Preraduced Ilmenite produced in Aditional
Laboratory Furnace lests

Source of
Material : Raw Ilmenite from Abughalaga, Egypt —
Reduced at SIIL Test Centre.

Chemical Constituent Assay %4

Fe(Total) 46.10
Ti02 42.20
Fe(Met.) 38.27
Metallization 83.01
FeO 8.44
Fe203 2.91
sin2 2.24
A120% 1.45
ca0 0.22
Mg0 Z.51
P G,017
S 0.024
c 0.26
Cr203 0.16
MnO 0.035
B=0 0.022
Cu 0.07
Na 0.006
Cthers 0.1465
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