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FINAL REPORT ON LABORATORY REDUCTION TESTS

CONDUCTED

ON ABUBHALABA ILMENITE SAMPLES AT SIIL TEST

1.0 INTRONMIETION

1.1

CENTRE

Unitad Nations Industrial Development
Grganization (UNIDG) under the Ferogect
MNo. XF/EGY /507218, “"Laboratory andg E=nch S-ala
testing of Abughalanga Ilmenite ara for
metallurgical procassing ta titania slay  and
low phosporous Fig Iron” awardsd the test
work  to spong=2 Iron India Limited (SIIL vidde
their Contract ND.F0/112. The contract was
awarded 10 re2sponse to the propesal  subpamitiad by
SItL vide their lettar No.SI/ERFARGS 129790
dE. 02,05, 1953,

The total project work is divided into  twe parts
viz. Fart-I Praduct1an of Pre-reduced Ilmenite and
FPart-11 Ffroduction of Titania rich s5lag by
electrosmelting. The first part of the work i.s.
production of pre-reduced Ilmenite2 was sntrustad to
SIIL {contractor-I} and the S=cond part
elactrosmalbing af the prersduced ilmanite for

production of titania rich slag and raw  ilmenite
was awatrdad to Msis. Titanium Institute, Zaporozhva,
USSR (Contractor -IIZ.

in tarwms of the contract the scooe of work of SIIL
(Contractor — I) is as follows:

1.Z.1 To ocarry out laboratory/bench scale D a—
raduction testing twith coal as sglid
revductanty of one Charasteristic Dlmenitz
sample (about 600 Hg.! to ilmsnitc  spoang2
ieon {degree of aetalizabion at laast B0
sutitable for consequent elecirosmzlting to
tikania r.eh 35133 and pig iron.

1.2.2 Tg agetarmnine the technical parameters of
Fha pra-reduction pr:ce;a, spacitic
consunption data and guality/yiald of the
final raporl,

1.2.7 T prapare a Frogress Technical Repors of

v 3
the results from the tests whith asssesment
and conclusion about ssitability of the  raw
material for direct recuction.

T

In valizabion af  kha  abaove scooe o7
SEIVICES, the Contractor is requlired o
Tarty sk She following main antivities




a) Tarrying out laboratory physico-chemical
and mine‘al;glgal analysis of tha
charactaristics 1lmenite ore sample (409D
Kas.) according to Contractor’ s methaodology.
Technical and chemical snalysis of the sol:d
reguctant {coal! to b2 wused in the direct
raduction tests.

o Carrying ocut  laboratory/banch sCale
Direct Reduction testing with the iimenite
Sre zample aczaording to Cantractor s

technology ard methadology. the coantractor
has o be 1n apossession of appropriate
laboratory and bench scale facilities proven
3= Jdaterminatiocn of all tachnical process
parameters, specific consumption data and
praoduct yield and guality.

c} Preparation and transportation of tha
pra-reducad iimenitt2 ore samplez (apout S50
Kgs. ilmenite sponge iron } has per “B"
abave to the2 testing faciiiti=as af
contractor No.2 for electrosmslting. The
samola has 9 52 acompani=2d by  appiropriate
technical charcteristics certificate.

4}  Freparaticn and submission  of  prograss
technical reorts with all tests results,
techno-2conomie caloulations, apuraissis and
conclusion,

e Farticipation in final valuation and
review of testing results and discussion  on
prograss raports tn  Egypt  togethar with
consultants from contractors No.2
(Electraosmelting  tests) and UNIDD s back-
stopping professional staff.

SO0 g93. 9f raw ilozniite was recsiven from
Bovernment of Egypt for undertaking the reduction
fests and  produsing  pre-raducsd ilmenite. Tha

samples were receivad at SIIL Test Tentre in Ird

week o 0f May, 1590. A5 p2r the Jiracticoas of  UKNIDD

suitable non-cowing zo0sl was used as reductant  for

tha tasts, Aftz2r  recai1pt of timsnitez >Rple,

detailed schedule of test work was  drawn  and
ndertakan.,

This Peport discusses the details of twgntis
Zandus el an Abughalags Timanste ore P
combinatiuon with Mangura <03l of Singarang
Collaries, a5 rsdguchtant. fhe report alss indiosta

! stas
the optimum test conditions as also the test
rm2sulda of bhoth Jaborataory rotary furnsce and short

8]




ratary kiln tests conducted 3% SIIL Test Censres  on
this set of raw material




2.0 TEST OBJECTIVE

2.1 The prime abjectiwv of the test work i3 to
determine by laboratory and bench scale testing the
suitability of Abughalsaga  _lmeniie ore and
avalilable coal {Manuguru! as reductant for
producticn of pre-reduced itlmenite by Dir=ct
Reduction Frocess and to assass the main  technical
paramatar and  product gualisy for tngdusteroal

5
processing.

2.2 Heeping tn viaw the above prime obiective and the
scope of test work, a detailed schdule af test work
W3S drawn up whiich is a2numeratsd So2low:
2.2.1 To analys= the Abughalaga
chaimically tio deatarTine : ] '
constituents like Fe, Ti0OZ | and ather
trampg 2lesnents.

2.2.2 To determine physical properties su-h  as
p=etrological ztudies of sampie, soresn
analysis, Bulik Density, shatter and tumbler

indices =%c.

2.2.2 To carry out reduction rests in Laboratory
rotary furnace to ascertain the reducibility
charactaristics of tha ilmenite ra and o
determine optimum test parameters.

2.2. To  oroduse pre-reduycsd tlmenita in short
otary kiln and to determicne the technical
£

r
parametars and produs

gquality.




3.0 TEST

-
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MATERIAL

Ilmenite

L0235, of Raw  Ilm2nite Ore w3z raceivad  fram

Governmant of Egypt. The chemical ana ¥sS1s  and

physical properties =¥ bhe as received samples of

Ilmenite ars , as analysed st SIIL test centre  are
-

given at table 1 2

Ccal fFrom Mines 2% Singacani Calleries
Company ich 1s being wsad 10 SIIL plant
for orod J Soonge [oon has been  consids-csd
23 radactant in the propos2d test work. The
chanical and phvsS1oal cropartiss ST Fhs eooal 2ampla
vusad in the tests i1s peessnted in table I & 3.

de S “S.
The sorsen anaivsis and oh tZal 3nalyzis  af
tb. lim= =stons used in the are prassntsd 26
Tanle-3.




3.0

DESIRED TECHNICAL QUALITY REQUIREMENTS OF RAW MATTERIALS

TO BE USED IN DIRECT REDUCTION PROCESS USINS ROTARY KILNi

.1

Péy

~

» A

Iron bearing ors, Zoal and Limastone are tha hSasic
raw  naterials regquired for the produciion of  pre-
reducad material 10 the rotary kiln process  hasza=a2
on 100N coal operatoin. As bthe grocessing o L

T oo ron
bearing material for reduction in rofary kiln is
zEnsitive Yo Yhe charactaristicsz af raw  matar:ials
with regacd $to size disteibution and cibor chemical
paramaters, bench s3Zala kasting forms  the  first
essenti-. step in deteermining the suitability of
the rsaw taterizls and deciding about  the process

For betfpr raduction and enricheent of the desired
in  the reduced product, the bhasic  ars
should hasave iron content af the arder SCY with low
gangua Components and low lavels of impuritios such
as sulphur and phosphorus. The reqguiremsnt of iron
cantant in the mineral ar Trom thse  fack Ehat
higher the iron content, 1 bettor the reduction
Low fevel af gangue a2 regquired as HhErae s no
rencval of gangue in the direct reduction process
EYars Jangua raguises adoditional
zppropridte lim2sions  addlhions
1n Eha aneliting shans. ST ber
d= the 1ght of the mineral
2nt of remcval of  orygen the

improves propoctionality.,

npavt
the 1ron boaring
MLAEra : : IR A% Wi T3
regulrements 1t =1vE-1obs sheength,

Shattar, gL AN
indrcation of

HEazad  an Dench scale tests of Siffarant Sres  amd
studies  on the decrepitation behaviour  in the
ratary bt oaf o bhe STTL plant o it s noted phat
shatter indey of ores should Aot be less than 20% .




T2 hain chemical characteris = of the cgal whaich
inflouance its  suaitsbility as  the reductant ars
reactivity , Oroniasate2 analysis comprising OF Fixad
carban, ash and voalatile mattar, m=2lting
characterisiics of Zoal  ash ungar rEOnIIng
conditions, the total sulphuer and the differons
forms af sulphna present. Losls oF highar
reactivity are praferaple 2z
operation 27 ths wiin 3% the 10
and at high throughpot rates, 7
should be &3 1o 33 possihizas
effective kiln volume reducing the .
Yo 1ron besring matser1als. The wolstils natba T
coals should b2 of the order of 3I0% so as to heat
ik ' ] ian temperatare within tha
sh ; The fTixed carbon should b
0 4% pearcsnt. The =m=2lting
ash is of utmost 1aportancs
iz for d1iec radistion
coal ash  forms low melting
reducsd material, it =
oftening point of coal ash  in
dar raduacing conditions. The
vre 1na the reduction zone 15
owar Lhan the ash  softerning
C to minimis=s the formation
hur content in the coal, in
d inorganic Ccomnpounds, also
= 5 fart oF argAan 1o
ized in the pre-hesting fone of
3 tr2 sulonur load i she
ganlo sulphuer tends  to gel
“Qﬂﬂrflaﬂ D0 ALang =ikt

comb ozt 1on w:kh o031}l ar oatural oa

N - PR TR 5
operating temnpaer
- ¥

[ LT D .

softening and sub

bevpeeaurzs ara

Limestone

Limanbung L3 e LN AT (R ATETE Bt 45 i
desulphuriser  as  the sl 1156l foir TS TR Wi s

conhains aulphur. b asbone contatn inyg ac asarage




of 45 percent of £ad has be=n observed to  be
adeguatsa for this regquirem=nt. The size
distribution St limestone 3lsn  noods to he
consideveodg as it is nbservad that the
desulohurising ability of finely granulatead

limestone is very good. The size range of 1| to 3 mm
iz found to be very effective in rotary kilns. The
praperty of limestons wused in the tests are given
in table-S.




3.0

LABORATORY AND BENCH SCALE TEST RESULTS

5.1 Chewmical Analysis of Abughalaga ilmenite Sample

The 1lmenite zample was  analysad as  Js- the

standard analytical crocedurs. Var:
such  as F= (Total), Fa (Mst.!, F=20
Sifdz, AlZGE, Cal, Mg0, 7, €, Cr203,
N3 ware detsrained snd the rssigl
Table—-1.

S.1.1 Iron cantent

ous constituents
. Falll, TLOZ,

The total iron oontent present 10 the

Abughalaga ilwmenite sample
IF.T0N. The detzilad ana
different forms of iron pre
ra2vealed that the iron in

presant in the two forms i.e

was Tound to be
iysis to find
sant 10 the ore
the mineral 15
. Fe+l and Fe+3Z,

This was also revesled in the petroliogical

study conducted on the ore

. The analysis

rezults shows that F20 content is 24.55% and
Fael3Z content is 2%.32%. As cCan be seen from
tha chemical analysis of the ore, thse  tron
iz azsociated with the2 oxygen 10 magnetite
form. Genarally magnetite tvp2 cras ars aooc
i reducibility characier. Thizs was sleo
revealad  1n the reduction tests confduc tad
on at an ap=2rating
Lampar Sog.l. o with 51 by Dl RERE=
reduct metallization of &5%
wasa  onha Whay = Tor normal o 1=
ores used 1 SITL far
produs Hatt S - tailization of
207 f ERs an operating
taapas TOE egl D 3nd T SO E
reduction time. Fron the point of  view of
racduc bion ’ Lha 13 —ontant Lr Lha
11menitn can be said to be on Eha lower
srda.

5.1.7 Titaniwm content
Tatanivm 15 bhe Fonsrth muat stoanden s
structural metal and ninth most  abundant
BLemeant i oearth oozl Tikanium cSoomally
occurs in natural minecals 35 its oides and
s sy Paemz bhae s5table TiDD comsount.
ilmenite sample was analysoad a2z per o
poopiaara ta Find the Teo e bant i bEes

e, The chemical arnslys
- Loooshows :
Abighiz L ag e

resantad n table

e neigeer
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Ca2 QINgUa Zontent o the  zea constiTuobes
Si0Z and AI203F which ar= undesirables 10 the
=] metal. The gangus Sontensd
analysed 13 aof the order
D0 Lon=titutsEs 20832%N 0 ano
1.31%. Ths total gangue
22 13 In loawen sid2

2Fr prime 150N orss,

The LTELITLILES Aormslls pr2Eant 1 the ors
iz phosphorous and sulphur. As Can be  se2en
fraom Eha2 ohemiosl asalysis tha LRpUriTies
ievel in the 1imenits 1s on lowsr side.,

st L&

te be

Tha gcetrological shindiiss raveals the natura
and the form of the ore. While shatter and
tumb le: testz detarmines the cold strength
of thz2 material for their resistance to
ALrAa5 .00 tapact handling. The ifumbler and
shatier Indices give arn indication of
probatle =vizant of  fines likely 45 a1=)
generated  during the reduction process  in
P2 ::iln sng whitle handling the product.

maJor Gangue, bDoathibe,

a3 quar
Timoantsa, hamatite and Py ina weere aremsEn .
Thie ilmenite samples obseirved to ba feanaly ] oy
My ymat i infaeerag Liral hhe Lrozn [ R =Y

H 3
present 13 10 maghebite form., The detapls:

pehteolonioal Blaady eceport (s prasentad sl
Annesure~T.,

Thiabtler Lasty

Ther aoat b2 indes of Jlmanthe ore s 0. 30,

The shatter 1nder result 1ndicates that Lhe




ilaenite 1 ¢ A Yo normal

Aandiing 2% zuita oo in Yhe
rotary kil

Tamnblar

irdex o7 Abughalaga
to be 82.30%.
could be
considered

Bimacess wsing

Ets Yok

[ein)
1 o

L R Y

Tha bulk denzity of the ilmsniic sampie 15
1 Z.10 tons/M3. The bulk density 1z lass
> Domparan Yo the 1ron ar2s which 1s  due 3
the l=ss  iron content 1o the ilmen: te
sample. Howevais  this 13 not ot much
$ significance or constraint for processing
the matarial  1n the  rohtary Liln Tar

production of reduced material.

i1
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Properties of Reductant used (Manguru

Singareni Colleries Co.ltd, India)

S3.3.1 Froximate Analysis:

The roximate anaiysis of the ccal sanm

for the datermination of the fisa
violatile matter and ash was care:
per =tandard praczaure. Tha averag

of the analysis carried out ars presant

the tablse-2.

Fron the %ahle 1% could be ssen
~

volatile wmatter is 27.90¢%, fixesd
45.47% and ash 1z 2T.T70UL

U
2
rJ

Sulphur Content:

The suaipghuar content a9f the coal i
the important characteristics

avaluation of the suitabh:ility of the conal
~eduction o

be used as reductant for direct
iron ores. The sulphur in c33l 1s
Ccompoasead af inorganic/pyritic

3 Zareoocn

ed out
2 re

that
—atrbon

] one

for

Coal,

normally
sulphur,

lphate sulphur and orgianic  sulohur. Tha
pres=nce of organic sulphur contributes &9
the sulgohur Sickup 10 the spong=2 iron in thea
absence of desulpharissr. The total suclphue
in tha Z33l  sample was analy=zes o
gravimetric method. The different forms of
tha sulphur in Manguers coal  wers 3:352
analysed and the results aof these chemical
anal;s13 are praszntsed 10 the tabla-3. The
total sulphur in the coal was ¢.3B8B%. With
the organic sulohur o7 the order of G.3%8%
it could be observed that the sulphor
contant un orodact could be contraolled
w2ll below acceptable limit with usage of
limestons fE ast Fitrnacs grade: 335
desulphariser.
The average gross calorific value af  the
Manguru coal sample was observed to be of
the ardar of SIDCG rvoalsig wiriioh L3
consideread optimum for the specified
purpose. Tha c3alorific value o f th_
reductant was determined in  an  adiabatic
Bomb Calorimetar,

5.3.%5 Chemical Analysis of the coal ash

The chemical composition of the coal ash
1nfluence  the aoftening chacacteriatics o
the coal ash. Higher concentration of silica

12
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and alumina are gen=2rally 1n line with

h:gher sofia2ning temperatura. Haowsver,
higher concentration of the iron cxides in
the ash lowars Ehe soaftening point

considerably. The analysis of the coal ash
foe  the deterawination of Si02, /1203, Cad
and Mol was carried out and the results  are

tabuliated :n the table-3. The results of
the chemical analysis of the coal indicate
that the ash 15 acidic in natursa and

predominantly of silica with a value of morse
thar SO%.

Malting Charactaeristics of coal ash

in tha rotary ti1ln process the kiln 13 b
be operated at a temperature cof 1050 dZeq.C
to get the desired degees of ssduction and
this requires coals with rﬂla 1vely higher
a5 saftening tamparatures oFf the arder of
100 - 130 deg.C above the kiln operating
tamperaturas. The m2lting characteristics of

=

the coal ash is detersined in a LEITZ
HEATING MICRECSCOFE  and the points ¥
important observation are the softening or
the 1nitisl daformation goint, the melting
or hem1spher1~a1 point and the flow point .
The behaviour 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 caoncantration of zulphate soiphur  in
the coal ash. The test results of the
meiting behaviowr of the osal  3sh L
indicated in the Table-4%.

rResctivity of Zoal

Reactivity af the coal refers to the  amount
and the rates of carbon monoxide generation
through the wall known  Ooudourd  reaction.
This 1s an 1mportant factor in  the rotary
¥1ln aparaticn s10c2 bthe generatian of tha
carbon  monoxide raguired for the reduction
af  tha iron are 13 “oraed in situ and 15 3
function of the temperaturs in the kiin. The
raactivity of tha ooal 13 detarmined by
w2ightloss method. The test results carriasd
sut own Mangoes ooal dindicate the raachiviby
a5 2.10 c.c. of carbon monoxide per gram aof
Carizon per sacond.

1%




REDUCIBILITY TESTS IN LABORATORY ROTARY FURNACE

Reducibility tests are carried out 10 order  to
determine the  bpenaviocur of wren bearing ore  and
coal during the reduction and to predict the

behaviour aof raw materials in rotary Kiln fare
commercial operation. In the= laboratory rotary
furnarce reduction tesss, operating conditions of
the rotary kiln ars simulated. Th= test reszults
indicate the behaviour Sf the ores and coal uwunder
reducing conditions and establishes the reducing
propertias basad oan which the suitability a7 the
ores and coals for use in rotary kilns could be
dets cined and the operating paramsters ara tound
te achiews the desirved levels of product quslity
in 12 actual operations.

5.4.1 LABORATORY ROTARY FURNACE TEST RESULTS

The reducibility tests are conducted 1n  an

elactrically naatad ratary turnaca nﬁumnlly
ét a reduction tamperature cof 1000 deq.{ and
for a2 ratention tima ofF T hours., Pased oo
the comparitive study of LZench and
feamonstration so3le tests on Rnown ares aod
cnals, the test parameters.conditions  for
tha laborato-y roYary furnsce Rave Desn
developed vy SIIL. Humbser of labeoratory
ratary Turnaco $2st3 have besn conducted o4
Abu ghalagq ilmenit=2 ore 10 combination wiih
Mangury Coal to deterein2 the apbtimum
opar afing paramaters for achieving BU%
metailization 1n the kiln.

The summary of the labaoratory rotary furnace
tast  results conducted on the  abuaghalaga
ite ore in combination with Manguru
€23l are prsszntad 1n tables.s—10,

5.4.2 PDEGREE DOF METALLIZATION
The degres of metallization aimed wWas
3t lesst  30%. The first cuparimant ~as  cons
at nnrmal opersting condition viz E
raduction fanpgersture of 100 deq.l  and
retention time I hou angd a C/Fe ratino of
.5, For thess tast condibions e
metallization of oniy 22,946% waz acheilved
with Abuaghalaga tieanite are. In orders b
1mproave  the metalliization levels the texts
wond i ions werse varied. Table - 11 snows the
degres of mefallization ach2ived during the
Laboratory furnasce teshs CohdeT e 2 2t

different tests conditions. Normally higher
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S.4.5

degres  of wmetsllization 1s possible wiih
higher vedac lion tanneratures andg l1arg=r
retention time, But higher raduc b o
tanueraturss ars _opitad 3y the2 ash fus.ion
characteristics of z3ai us=sd as  reductant
and cCanditrany of thz furnaza rsTracisrias,
EKesping in viow these conditions the f.onal
test  paramastars  ware 2aszzablishad. ~t =
reduction teaperature of around 113G deg.l
—~

£
iw hours retention fime
f

an? 3 1t was po=sible
to achieve a degre2 o metasllization of
EhHL. DN

THZ CECSEFITATICN EBEHAVIDUR DOF ILMEMITE ORE

Th2 praczess cejradsaticn index at the
1lmenite ore during the reduction tests 13
1 the range of I9E to 423 which snows  that
the ore decrepitates during reduction. The -
1 an Tines genaration duraing the laboratcery
furnace tests is aof the aorder 10% indizating
that the 1imenite ors generatas fines guring
the reduction.

CRAINGIIE WIZTE ANALYSIS

Tha Jdatailed gerainsizce  chemical analys:is
presented 1n the tables—¢& to 10 shows that
the a2tallication level 1s Almsst aniTorm in
all the size ranges and fTrom point of
reducibilitsy thas urnifsre m2tallization 03
considere? ideal.

-
(%]
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Thea shoet ratary Kiln 13 an Si1ied Fared  fuivnace
lined with high alumina refractory bricks and 1=
d2s3i1gned  far  batzh gperatinns. The sherid rotary
ki1in is egquipped with & charging door and a
sampling  port through whizh samplas s-=2  draswn At
dafinita intervals of time. It 15 also =gquippsd
with an o1l burn2as whoss Tlsoz: 13 ©f horsashoe
shap2 passing over the saterial besd inside the
Flln. In view oaf this tual Zo 1
inside 3 commarczial sely
t.2. reduciag nateris ; 3oicizing T oard
§3ses, the waste gases pass through the exhaust
Jiot grosides at the top oSf burner ztand. The  cate
o Tlow of waste gases ang the kiln pressure are
caxnt-allad by th2 damper provided 10 the wast2 gss
lin=2. Th2z samples drawn at various intervals of
tire sre coalsd In 1nert (Ni1tragen: atmosphsre and
analysed for rats of veduction and —atrbon
consumoh 1on.

F.5.1 In all s:ix short rotary kiin  tesis  wars

conducted to process 420 Kg. of Abughalaga
ilwenite 10 combination with Mangacsu coal,
Eince the prime aim of the bench scale tests

w3re ta produsa prereduaczed 1lmenite of
reasonably higher degree of metallization
3 farther greocessing tne same to producs

Titania rich slag in submerged arc furnace.
The original as recerved samples was crushad

to the size of T to 1S mm and this wmaterial
was  asad an the  shaert rcobtary kiln o
production of prereducs material. Ths as
reserved Abughalags slmanite sample was  of

ize —S50mn, the detailed siz2 arnalys:is
2f kthe as reosivad Sa

Y =R famaie 13 given i1n tablas-
2. In order to process these aaterial in
robary biln the s3 recelsed chughalags
material was crushed and prime size proguct
29 T t2 19 am. zize was us2d w0 the  fi10al
tests.
~ther  conduaching the  cequared aumo2r oY
tests, a net of 420 k5. of  1lmenits wes
sz aad a0 the stiort scotary kln AT
batches to produce 703 kg, of prersduced
tinanita, Thwe standaro  test conditions

worked out in laborsatory rotary furnasce was
maelntarned for tha ashaork pobary k110 t2stz.
The results of the short rotary kiln  are

presanitaf 1n tabla2-17 Ha 17.
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The shewmisal aralysis 57 samplas  drawn st
varigus intervals of time have been analysed
far Fa27), FeiMat), Darbon ard  sulpher 10
the <case of magnetic products and for non-—
magnatic products the fined carben, ash and
volatile wmatter have besn analysed. The

i
resuits of the short rotary kiln tests shows
that a metallization of about 4&S5¥% could be
acheived. The ansiysis of non-magnetic
product reveals that carbon is properly
utilized during the tests. Fhe product  from
the all rotary short rotary kiln tests ware
mixed and 23 composi* sample of  TOo0 tg.
prereducad ilmenite sample was despatched to
USSR far  furthsr  testing. ihe detal iad

chamical analysis of the compoastit sample  as
despatched to USSR i3 presented 1n table—185.




sts cenduosead

5 ohservad  that

] : ) 2 tion wWiith A

non_coking coAal to prodoce prereduced iimenite in a
1

The raducibiliny ta2sts conductad =n the DLgQNaiana
ilmenite ore revesals that the Abughaiaga ilmenite
or2 i3 raducabl=2 ia charactar as caompared (a2 the
other similar ores and 1t requires higher Lime to
obtain higher dagree of astallization.

Sub_bituminous co2ls having a fixed carbon of  45%
is cons:dered suitabla as reductant.

From the extensive tests conducted on Abughalaga
ilmanite ar2 1n caombination  widt Mangury CoDal
following operating parameters ars suggested for
raducing Abughalisga ilmenite with sulrtabie cosl  in
commercial op=ration for production of prereducsd
ilmenite.

1t faduction Tampzraturs H Ll dag.o
11} ‘aetension fime : 4 hours
111} C/Fe ratic H . ED
1 1v) Consumption norms
FQuantity of material required to produce 1.0
3. of praredoacel 1lmenites
Raw ilmenite : 1.3%38 kg.
Caal : G.7T kg.
Limastone : Mot required.




Conclusions

Total &00 kg, of Abughaianga 1lmenite sample was
from Govt. of Egypt. After coaducting number
far determining chemical, ;

optimun  test cond. tions

tha s1ze ranga of I to 1% aa. wa
rotary kiln to produc rareducsd
tests IR 8 N iy raducad

metallization

The Soresen  and




RESEARCH AND DEVELOPNEMY CENTRE
NATIONAL NINERAL DEVELOPMENT CORFPORATION LIWITED

PETRILDGICAL LARIRATORY

PETROGRAFHIC DHARACTERISTICS AY A GLANCE

PHYSICAL PRUPERTIES

MICRBSLOFIL PROPERYIES

COLOUR = Dark arev 1o Blackish graw ESSEMTIAL 0MIOR
NIsERAL TLMENTTE
LUSTER = Metallic to sub-metallicz.
STRERAK = Browiah black.
ACCESSORY MINDRD TGaathite, Limdnina, Hemabile
FRACTURE = lneven. NIMERAL : and pyrite
HARDMESS = 5.5-5.70
o a3 T el
CLEAVABE : fibs=sak. FAJOR GAMGIE
NIMERAL = Buparis,
SP. GR. OF LIMPS s +.22 {(Average',
SP. GR. OF FIMES =2 -~ NIKOR GRMGUE Toathite, Liactita, vamzg
NIMERAL = 20 ey ita
MOGHETISN = Faably magoetin.
NANE OF THE ROCK/DRE : Iimznite rooe TEATIRE ¢ Fedium L EREN R FRITED I8
LOCALITY SOURCE : fbughslaga (STIL) GRAIW SIZE Timepits o G PRI RR I
Snvae o AEINE I T AR TR

PN onature,

Thi e

F

by

art partiaina

sATE LES poel

Loy

ALTERATION PRODUCTS = cothits,

L
Py f

amonina, Menathyts

1 ERN N R R




PETROGRAPHIC REPORT ON ILMENITE SAMPLE RECEIVED

SPONGE IRON INDIA LINMITED (SIIL)

A sample of 1lm=nit2 rock weighing abo
received  in RAD Centrs of NMDPC on 4th
HY]

MSfs. Sponges Iron India Limised (ZIIL}
studies.

Phae

and

H Darl grey to blackish grey.
H Erowniial olachk.
H Metallic to sub-smetallic.,
H Abssnt.,
rdness H S.S—&.0.

Fractiurs H LOE SN .

App.Sp.gravity oz 4,27

4agnetism : Feehly magnetic.

= presence :

D -

= 2D M3 JOr pg

5 =N h
i ral wharoas  cuart:s formed Lt
gangue. Gosthit 1 t

ite  and

LEIEOE w3

pyrihe
T BT

CA : of the indivyidusl
MAMNSY A Ls Are JLveEn 2 lows
ILMENITE:
It woas ot poed A% B hA o T et AN T o I S R TR R
aobiedral and subhedral, T4 sty Trogiih gy .
coboeie wnth Broawaist tant. slea,age was EYLR-RULAE A
moderate, FleochrolSsn was WDy WiEBdHkE .

: PR h ahi e i Ly it on.
Twinsng wan rarejy evoriie oAb 2w nlsces [linengte was
SEdn w L hEred LD hyaeanc Do v ot TR D laeng Fe nreoao
weerer  baightly eanbodided on the groundemass  compoced  of

ity




gquartz. Few aute grains of pyrite wera sesn within the
Iimenite grains. Ths size of the Illmenite gqrains ranged
from S to BBC microns.

UART I :

It oocured as wmajor gangue min2ral. The ground _mass was
comprised of gquartz which was generally amorphous 1n
nature, Docasionally it showad cryvstalline shiructurse, It
was c:laurles: to grey in colowr. At places admixtursa of
hydrous iron oxide wara sean within  the intargrandgiar
spaces and the cracks.
SOETHITE

It occured as one of the minor constituents in ths
sample, It was greyish white in colou with roddish
drown  internal reflection. It was wmziniy observed  in
cracks and cavities. It was found replacing the Iimenits
3rains as well but such oScourences waire not very common.
Boethite was amorphous in nature.
LIMONITE

It 2lss ocourad as minagr constituent afiar gosthita, it
was s=en  In association with goesthits  and guartc
speczally in Zracks and zavitias. it WIS
cryptocrystalline in nature.

iEMATITE:
Hematite exsolution were oocassionally s2en i thne
section. This was observed mostly in the margin of the
ilmanite ograin. AL places 1% wWas  se=n alterad  to
Goethite. The size ranged ferom 4 microns to 2460 microns.
FyvR TR :
Fyrite was noticed as scattarad minute g-ains  within
the ilmenite. It was presant as alteration product of
ilmenitz, The detailed properties could not be obszrved
due  to its fineness of grain size as 1t was beyond the
scope of  Yhe Gicrosocope. The size range  was  from 5
mizerons Lo 32 micerons,
CONCLUSTION:
Tha g L ot a e 1lmeEnite 35 Mz Jior
constituent.Quartsz was  the  major gangue mineral.




, hemetita and pyrite was seen as

S. The2 11lmonite gr3ins asnrally
appeared guit=2 fresh except few grains which wer=
altered tg/replaced by hydrous iron oxides. The grain

Goethite, limonite
mincr constituant

siz=2 of 1lmenite ranged from 5 to 880 wmicrons. Other
constituents ware amorphous 10 nature. Mainly alteration
and replacement textures wers observed.

ey
e




TABLE - 1

Cheaical analysis of Abughalaga Ilmenite sasple

Constituent Assay (%)
Fe (&) IQR.70

Tio2
Fe+2
FeG
Fe+3
Falil
5162
AlZDZ
Cad

Mo

Bal

Na

RAIEALS
d -—

19. 20

- o
a 7

.
4.4

-

r o
)

L

Q.015

2,021

[Py X g

O. 005




TABLE - 2
Physical properties of Abughalaga Ilsenite Sasple
= I. Screen analysis of as received sample

Size Range Kt. fraction %

+ 23 - 5 mm 25. 43

+ 25 am =N

+ 22 ma 12,07

+ 15 mm 17.61

+ 1 wm in. a3

+ B8 mm G2.461

+ 5 mm cR.61

+ I mm 0.782

+ 1 mm C.1z

- 1 ma 1.2¢
II Othsr Propertias

Bulk density O S /I

Shatter index ?L.93% %




TABLE - 3

Chemical analysis of reductant used in the tests (Manuquru Coal)

-t
.

Proximate analysis (Dry basis)

Ash 25.70 %
Volatile matter 27.90 %
Fixed Carbaon A&£.40 H
Moistura $.5% %

II. Ash chemical analysis

Sinz 59.50 %
Y Peland 25,40 %
FazG3 200
Cal .80 %
Mgo 0.85 %

ITI. Sulphur analysis in Coal

Mrganic sulphor J.4821 4

Fyritic solpbur D.368 %

Sulpheta sulphur 2.0185 %

Total sulphor Q.2721 %
25




TABLE - &

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

I. Screen Analysis

Screen size

+ 12 - 1S om

+ 1¢ mm

+ 9 mn

+ 5 mm

+ Z mm
Il. Gross calorific value 5324
I1I11.Ash softening characteristics
Softening poing 1220
Malting point 1333
low point 130
z
IV. Reactivity : 2.1 cm cofgm carb

22,48

K—=al/ kg

()

o]

0




Praperties of Lisestone used in the tests

he I. Chemical analyvsis
Constituent Assas {5
Zad 37.2&
Fe(t:} 1.3%7
Mg 1.51
s Q.04
5102 2.2
ALZ0Z 1.24
L2I 32.27
II. Screen analysis
+ I nm 14,3 A
Al i
‘ + 3.5 mm az. 2 %
’ - 0.5 mur AT.S57 A
)
|
"]

27




LABORATORY ROTARY FURNACE TEET RESBWULTS

Jost No. 2 Etaadsrd Condilions
I. input Raw Materials

iron bearing aineral : EGYFT Ilm=nite

Reductant s Manguru Coal

_imestons

[47]
ot
[
)

Dasulphurisar :

II. Test conditions

C/Fe : S5
3
Reduction T=mp. : iG0D O

Retentisn time his. z = Hrs.
ITI.Test Results
Average Metallization Cecrepitaticn
Behaviour
(+1 nm’ % : 22.5% Size A
- 1 ma : Te o7
Frocess Degradation - 3 mm . 28.94
Index H - 5 mm :  IR.LGE
- Oxide feed % : 41.3€
- Reductant A : Z24.53
IV. Grainsizewise Analysis of Magnetics (%)
5ize range  Fef(T* CziMat.) Matn., Zarboe salpghor
—twm II.00 ?.75 25.0 G.435% 0,024
1 - T mm IT.50 C.02 DA 1, B g it
3 - S mm 40,00 2,00 22.5% 2.328 O, 220G
3 - Llomm  41,¢0 ?.22 L850 0L3S Q.18
10 - 1Smm 41.00 ?,22 22.50  0.35 G.01°
+15mm _ _ _ _
V. Froximate Analysis of Non-magnetic produzt {(zhar)%
Fixed Carbon : TT.00
Ash : Ty O
Volatile Matter H 1.00




LABORATORY ROTARY FURNACE TEST RESBULTS

Test No.

as

I. Input Raw Matsrials

Iron bearing amineral
Reductant

Resulphuriser

II. Test conditions

C/Fe

Reduction Temp.

—~
-

Retention time hir

Froc=ss Degradation

Ind=::
- Oxide faed pA

IV. Grainsizewise Analysis

size Fange Fe=2iT}
~1mm I2.20
1 - T am 3IR.ID

Z - S5 mm 3¢.3I2

S - Pomm 40. 80

10 - 1Smm 40,03
+ 1 %

Fived Carbon
Ash
Volatile Mattaepr

Y3

of

EGYST limenite iStandard
Manguru Cosl { —-do—
SIIL tLimestone ¢ —d0o—

O.&
[
1000

2crenitation

26,13 Eshaviour

17}

i

b

Table-7

Froximate Analysis ot hNon-magnet.c product

(chari?

S:iz-a ot
- 1 mm : 1G.Z28
- 3 am : ~5.52
- 3 mm : 37.46
o 7o
I 22
25. 46
Magnetics (%}

FeiMat, Metn., Carbon  suliphur
?.41 24.0C0 e.Z8 Q.20
Q.24 27.55 [ GLione

14,737 25.67 .22 C.Oi9

1'3-98 :L‘.".I-CI\.—_" ':‘-:": (-'-‘:'17

13,724 25.8% .25 0.017

5. 00
AR

1.5

o7




LABORATURY ROTARY FURNACE TEST RESULTS

Test No. X

I. [nput Raw Matlz=risis

Table—8

Iron be=aring miraral : EHYPT Ilmenits tztd s3:i1za
Reductant : Manguroe Coal { -—do- !
Desulphurisear T SIIL Limestzone o=
II. Test conditions
C/Fe . 3.465
i3
Reduction Temp. : 1050 C
Retentiaon time hrs. : 4 Hrs.
IIT.Test Results
Average Matallization De-rapitation
{(+1 mm} i . 47.2Z Behaviour
Siz= “
Frocsss Degradation - 1 nm : ¢.25
Index H - Z o 1 I0U3S
- S5 mwm H I8.27
- Oxide fzed % : 41.78
‘ - Reuuasctant EA T IT5.20
IV, Grainsizewise Analysis of Magnetics (X
size Range FeiT) feiMet.) Metn. Carbon  suiphur
~imm I9.3TS 17.75 35010 GL8T (R R
1 - T am 41,173 19. 41 47.20G  $.34 0,001
3 - S owmwm 47,337 12,37 43,35 .79 .17
b - 19mm 42,94 20.91 49.12 C.3E3 3.014
1% - 1%me 40.3C 17.4° 48,35  2.2S O.017
+15mm _ _ _ _ _
Ve frooamate Analysis af Non-msgnetis produst (chard) i
Fized Carbon H = RN
o Ash : 70.90

Visiatiie Mabtter

N1, e

]




LABORATORY ROTARY FURMACE TEST RESWLTS

Table—9
Tast No. 4

- I. Input Raw Materials
iron bearing minsral 1 EBYFT limenite shtd
Reductant : Mangura Coal std
Desulphuriser H Siit Limessone 344
I11. Test conditions
C/Fe :t O.43
o]
Reduction Temp. : 1080 C
Ratention tims hrs. \ 5 Hrs.
IT1I.Test Resulis
Average Metallization Decrepitation
(+1 mm) % . £4.C Behaviour
Size %
Frocess Degradation - 1 mm : B.Z4
Inde: : - X mn . 25.24
- 5 am H I7.47
‘ - Oxide feed % H Z.66
- Reductant A : TILTE
Iv. Grainsizewise Analysis of Magnetics (4}
size Range Fe(T} Fal(Mat,) Metn. LCarbon sulphur
~-1lmm 2.22 T5.46% ZE.Z Vi, 3 T 0
1 - I am 47,594 27.14& £2.34 L35 O.020
z - S awn 12.89 28. 44 L&D .05 .08
S -~ 10mm 42,56 27.5% TL.2TOGL2T G.0O14
17 - 1Smm 4T, 35 T4 TA AD.10 0 .22 I
+15mm _ _ . _ _
V. froamate Analysis of Non-magnetic prooduyct (ohar)
> Fiuved Carbon H T, i
Azh : L2, 00
Vlabtile Matbter 3 (800

B



LABORATORY ROTARY FURNACE TEST RESULTS

Table—-10
Taz=t hNo. 5

I. Input Raw Mzaterials
iron bearing wineral : ESYPT Ilmenita std
Reductant :  Manguru Coal std
Desulphurisar : SIii Limeston= std
I1. Test conditions
C/Fe R Y 2
o
Reduction Tamp. H 114G O
Retanticn tims hrs. : & Hivs.
III.T=est Results
Decrapitation
Averags Metallization Eehaviour
(+Y mmri H Ay T Siza =
-1 mw M T.ES
Frocess Degradation - I mwim T Zs.72
Tnde: : ~ % ma H EACIA Rou
— Oxide fe=zd A : 43.78
- Raductant K4 2 I4.&48

IV. Brainsizewise Analysis aof Magnetics (%)

size Range Fe(T) Fe(Met.) Motn., Carbon sclphur
-imm A 25,562 &2.4%  G,41 027

1 - I om £5.03 22.91 A4 20 G.38 . 021

-t -  Z mam 45.723 T, 24 SELTG GRS LN

5 -  1Gmm 4T.786 2B8.94 &5.10 G.24 G, 017
10 - 1%Som TOED 2T . 8% R R Ky RPRRD O
+15mm _ _ _ 3 _
V. Froyamale ANalysis of Non-—megnet s oroduct Ghart
3 RSN T
: 44,7
3 oI,
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Degree of Metallization obtained at various test conditions

S.No. Reduction Satention C:Fa Metallization
temp.deq.C tim=2 hrs, Ratin %
1 10300 = 2.9 22.9¢
|
2 1000 i G.4 5.57 3
2 1050 3 Q.55 48,20

]
o
N
xg
Fy
L

4 108G

3 1100

o
b
[ ]

[y
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SHORT ROTARY KILN TEST RESWLTS

Expt No. 1
Rafarencaifbughalaga Iinenite

Ilmenite (7 1~} Reductant
b
Temp. : 1100 0 C’F= ratio

Qre

I. Screen Analysis

n

22d Material

Scree Size Ilmenite Coal Magnetics h
(mm3 S k4 g
— 15 1 —
+ 19 ! 53 14,29
+ & ! 132,28 AN |
+ : S 12,20 IZ.14
+ 3 - 29.40 £1.42
+ 1 - - .57
- 1 — — = TL
x (L Qe

IT.Cheamical Analysis af Praduct Magnetics)

Sample Sample Refer=nce Temp. Fe(T) FadMr m
M. dag. i A A

(1 After 4th hour 158G 43. 36 27T.9%9

(23 nfrtar THh bhoor LSk 44,724 2478
(Z) Aftar 4th howur 1100 45,72 28.74
IlI.Chemical Analvysis of Froduch {MHon—-magnebtics)
Sample Mo, “olatils mabbar ASh o
% e

(1 4.5 420,97
(23 T A0 AE.04
(5> 1.6 TEL2T7

Table—12

Manguerye Coal

had

L&D

145,04
=hri. C 3

. o -

" .'l- -
5. 22 D.25 CL020
S58. 70 DT
3,487 4,29 C,0C18




Short Rotary Kiln Test Results

Table—-13

Dre : Ilmenite (70 kg,.) Reductant : Mangurye coal
-
3
Temp. 1 1100 O C/iFa H CLED
Il.Screen Analysis
Fead Mstariai Ereodacts
Screa Sice Iimeenike Cosl Magnehios Mor—Magnstics
{mim )} pes ol % "
- 12 AR - - +1%
+ 1< S0 25,322 19. 20 - +1ir
+ 5 ¢ i5.%=8 12000 TSL T4 =
+ T SELT7Z 2%.7C [ By +
+ i - T3.45 iELaT LN T + X
+ 1 - - ANIRES 25,10 +1
- i - - 7T 1=, 5 -1
[.Chemicasl Analysis of Froducrt Magnetics®
L Sample Sample Refsrence Temp. Fe(Ty Fe(M) Mztn, C -
Mz, Ja=g. T - e ™ A pa
‘1 After dth houre 1050 43,84 23,49 5I.56 .42 6,070
rz Aftar THh oo SR AT B4 TSLA5 SR 1T T Th TBOriS
(2} After 4th hour 1133 44,84 2F.24 ABL2T C. 17
TIT.Thewizal Analys:3 of Froduct Mos-asg-orios
Zample No. NVoistils satbe- Lstb Ty
% A
H 4. T fie 15 2900
(2 7L AG 77,45 248,75
(2 I A Ee, TS




Short Rotary Kiln Test Results

Table-14
Expt No. 3=
Referance: Abunhalags Iimenite

Ore : Ilmenite (70 kg Reductant @ Manguru Zoal
Temp. @ 1iaa o TiFa : G LT

I.Screen Analysis

Foad Material FrodJucts
Soree Size Ilmenite Coal Magnetics Non-Magn=tics
(min?} % p 4 % %
- 15 C7.S3 — —_
+ 10 ! 50 I2.324A i3.80 -
+ g ! 17,34 2,10 168.325
+ 5! 30 2B8.57 24,1 25.328
+ 3 - 184.2¢ 28.45 20031
+ 1 - - 12,95 24.5%9
- 1 - - 3. 60 1.37
1I.Chemical Analysis of Froduct (Magnetics)
Sample Sample Referencz2 Toap. FadlT: Fa{M: Matn. C 5
Nc. deq.C % A % %
{13 After 4th howr 1380 4.8 21.4¢9 200160 0.51 D019
(i) Aftar Sth hour 1R AT ES PO T SA5D 0 GL47 G.O20
(Z3 After &6th hour 1100 4T84 29.11 b&, 36 G.T2 o018
ITI.Cheanical Analysis of Froduct (MNon-magnetics)
SCample MNo. Yolatile mattar Ash Fived Carbon

% % %
(17 4.2 £7.10 2R.70

(2} 2.10 74.70 23,20




Short Rotary Kiln Test Results

Table-13
Expt No. 3
Referencerfbunghalagae [lmenits

Ore : Ilmenite (70 kg.) Reductant @ Manguru Coal
sl
Temp. = 1100 O CoF= : G855

I.Screen Analysis

reed Materials

Scree Sizs Ilmenite Cocal Magnatizs Man—-Magnetics
{mm) % 4 " ®

- 15 2, B - - +15

+ 10 ! SG 25.92 12,32 - +13

+ 8¢ Z2i.53 1i.324% iZ.13 +5

+ 5! S5G ICG.348 2G.35 20,32 +5

+ = - 145.34 22.72 25.7% +3

+ 1 - - 22.8%9 28.78 +1

- 1 - - 10,34 12.78 -1

Il.Chemical

Anaiysis of Product

(Magnetics)

Sample Sample Reference Temp. Fai(T)
No. deg.C %

(1} Aft=r 4tHh hour 1090 43, 3&
(2 After Sth hour R ECLY] 44,13

(%) Aftter &th hour 1100

ITI.Chemizsl Analysis of Yroduct

{(Mon—magneti1o3s)

Shrmple MHo. Volatils matter
“

(1) TS0

(25 2,05

(3 1.19

u]

3
“

—
L£2.195

78.460

Br.3I5

Fe ik

Metn. c =
=’ o 4
42.38 0.34% 0,019
ST.64 G.Z3 TLoie
49 .94 G.29 G.018
~iusd Darbon
28,725




Short Rotary Kiln Test Results

Table—-16
Expt No. S
Referenc=:Abughalaga [lmanite
Ore : Ilmenite (70 kq.) Reductant : Manguru Zoal
[}
Temp. : 1100 O C'F= H .65
I.Screen Analysis
Fead Materials Froducts
Screa2 Sirce Ilmenits= Coal Magnetics Mon—Magnetics
(mm) e % % %
- 15 &, 45 - -
+ 10 ! S0 To.ee 14.=3 -
+ 8 ° 22.78 12.38 9.1
+ 5! 50 25.346 22,348 24.79
+ = - 14,32 2208 C3.9E
+ 1 - - 18.42 22.72
- 1 - - L =t i8.Z22
IT.Chemical Analysis of Froduct (Magnetics)
Sample Sample Reference Temp. FeiT: Fe(M: Metn. C b=
r Na. deq.C * % “ A %
(13 After 4th hour 1084 I.= 22,69 S2.323 G.39 0.019
(22 Aftar Sth hour 135960 45.78 25.03 55.8% CL29 Gloie
(3 Aftaer &th hour 1100 44.78 29.53F b646.738 0.29 0.018
Ill.Chemical Analysis of Froduct (Mon-magnetics)
Sample MNo. Volatile mattar as Fizad Carbon
pA % A
(17 4.10C £D9.55 24625
(2} 2.15 77.75 23,10
(3 (R 't BR.75 15.32D




>

Short Rotary Kiln Test Results

Expt No. &

Refer=nce: Abughaiags Ilmenite

Ilmenite
o)

Temp. : 1120 C

Ore

I.Screen Analysis

Fead Material

(70 kqg.)

Reductant

cs/F

i

Table—17

Y

Manguru Coal

Froduct

Scree Sizs Ilm=nite Coal Magnetics

{mm} % % 7%

- 19 ! o7.132 -

+ 10 ! 50 33,37 11.36

+ B! 24.42 13,32

+ 5! 50 23.469 23,32

+ 3 - 11,323 28.91

+ 1 - - 16.04

- 1 . - D7.IE

IlI.Chemical fAnalysis of Froduct {Magnetics!

Sample Sample Reference Temg. Fe(T) Fei{M)
No. deg.C e Yo
(13 After 4th hour 1080 4T.5846 2Z.85%
(2 After Sth hour 1390 44,13 TELSE
{3) After 4th hour 11060 43.24 FOLLS

IIT.Chamical Analysis oF Froduct

{(Non—magnetics)

Sample Mo.

%
{1 T.50
(2} 2.15
(Z) G.50

Yolatile mattar

Ash

58,00

70.325

79.75

Non-Magnetics

-;
A
-

02.26

e T

—ii e —
13.&7
Metn, c s
. - -
- - in
S4.35 G.38 CL020
57.82¢ Ya 3T .19

Fixed Carhon

Wi
fa

hr d [ =g
Ti.S0

27.50

i9.25%




Detailed Analysis of Prereduced Ilaenite

Material : Cowoposite sample of pr=prereduced
Ilmenite produced in six  shart rotary
kiln tests

Source of

Materisl : Raw Ilmenits from Abughalaga, Eaypt -
Reduced at EIIL Test Centre.

Chamical Constituent Assay . Screa2n AnNalyvsis Weight %L
Fe{Taotal) 45,20 +10mn 14.32
T:22 S UM i + Smm 15.32
Fei{Met.) 26.92 + Smm 25.5%
Matall:i-ation ELLLQ

+3
Fo 3.92
Fel} 12.19 + 3Z0nm 2T.20
Feln3 .12 + imm 17.50
gi0o2 2.82 - 1mm 0e. 15
AI203 1.2
Call G, 31
Mg .70
F G072
’ =1 .02
| c .29
Cr203 A
Mno O.035
B2 D.CZ8
Cu G007
1) L o0s

a0






