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1.2

INTERIM REPORT GN TESTS GN IRON ORE SAMPLES .
RECEIVED FROM GOVERNMENT LF NEPAL THRCUGH UNIDO.

INTRODUCTICN

United Nations Industrial Development Organisstion

(UNIDO) under the Project No.DP/RAS/81/063 end

Contract No. 86/33 awsrded to Sponge Iron Indie

Limited (SIIL), the work on testing of the Iron

Ores of Mepal for escertaining their suitability

for production of Sponge Iron suiteble for stesl

making in Electric Arc Furnace. The Contrect was

awarded in response to the propossl for undertesking

such e study submitted by SIIL vide their reference

No.SI/RO/E&P/7681/677/57. dated 14.4.1986.

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

(e) Undertake raw material processing, beneficiation,
8sgglomeration, etc. of iron ores for direct reduction
tests snd of cosl as the reductent, covering their
physical, chemical and metallurgicsl snalysis end
test work;

(b) Cerry out direct reductions tests for sponge
production on lsboratory sceale;

(c) Compile test results schieved thxough the
above messures;

(d) Prepare & detsiled report on the work performed

under eub-carsgrephs (s) to (c) sbove, including




1.3

ar analysis of the technc-econoajc data/rssults/

Trecommencaticne for Scorge Iron production.

Iron Ore samples of two types from Phulchokij region,
each of 5000 ng were received from Department of Mines
anc Geology, Government of Nepal for undertaking the
above tests, at SIIL Test Centre in the second weeak of
Januery, 1987. The physicai characteristics of the
samples and the Petrological 8tudies revealed that

the Ores are of Hematite type 83sociated with quartr
end meta besic rocks as s8ngue materisls., The

S8ize of the as received samples ranged from 25 mm to
100 mm. The results of the preliminary chemical
8nalysis of the two Cre samples revealed that the

Ores are of low grace type anc requirs bensficimtion

for upgracation.

Accordingly, the following progromre of test work
was drawn up:
i) Preliminary investigations on Iron Ores of
Nepsl to assees their quality,
ii) Beneficistion tests on Nepsl Iron Ores to
improve the Guality of the Ore.

iii) Determination of chemical analysis and
pPhysical properties of beneficisted Nepal
ore samples.

iv)  Study of Physicel properties like reactivity,

esh fusion chlractoriltico, calorific valuve, otc,,
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and chemical analysis of the reductant
used for reducticn tests,

v) Conducting of Laboratory and Banch Scals
Tasts on Nepal Orens along with Indisn

non coking coal as reductant, for producticn

of Sponge lron,

TEST OBJECTIVES:

The prims objective of tre Laborastory and Bench
Scele Teats :is tc determine the suitability of
Nepasl Ores in combination with Menuguru Coal of
Singereni Caliiariaa. for production of highly
metallised sponge iron suitable for steel making
in Electric Arc Furnaces (EAF). The tests carried

out encd their obfectives are summerised below,

To anelyse the Nere! Iron Cre ssmples chemically in
order to determine ‘heir suitebility with regard to

Fe totsl, gengue and other constituents.

To determine the physical charscteristics viz,,
screen anslysis, shatter snd tumbler index and to
cerry out Petrological study of the, as received
ore semples, for esteblishing beneficistion work

to be undertsker for upgreding the ores.

Beneficistion of the Nepsl iron ore semples to
improve the iron content end to produce 8ized

ore samples for @errying out further reduction tests,
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To determine the cold strength of the Nepal iron ores
and its resistance to abresion, impact using the

shatter test appsratus.

To determine the decrepitat:on behaviour of the

Nepel iron cres during reduction, under standerd tes*

conditrong,

To determine the detailec chemica} analysis and
Physical properties of the resuctant (Indian non-

coking coal) used in the reduction tests.

To carry out Laboratory and bSench Scale Testa
on Nepal lron Crees along with Indian non-ccking
coal (Msnuguru) teo pProduce highly matallised sponge

iron.

TEST MATERIAL

Iron Ores:

Two sam;:les of “epdl Iron Lres from Phulchoki reqgion
were received from thg Departnent of Mines and GeOlogy,
Government of Nepsl, in the size Tangs of 25 to 100 mm,
The quartity of each sample is S000 Kg. The physicel
characteriatics (Screen 8nalysis) and chemical analysis

of as received samples are given at Tables 1 & 2.
Reductan oal):

Indian non-coking coal (Msnuguru) being used in SIIL
Plant hes been considered 8s a reductant for the test

work, The properties of the Msnuguru cosl ig pressnted

in Table - 3.




3.3

4.2

Desulphurizer (Limestore used):

The Limestore usad in the 3IIL Plant has been
considered 3s a desulphuriser for the tests,
The screen analysis and cthemical analysis

of the Limsstone 1s given at Table - 4,

TECHNICAL REQUIRENENT CF RAw MATERIALS:

m—

Iron Cre, Coal exc cimestcne sre the basic raw
materials required for the production of Sponge Iron

in the rotary kiln process based on 100% cosl Ooperation,
As the manufacture of Sponge lron in rotary kiln ig

sensitive tc the characteristics of the raw materials

-

with regard to size distribution and other chemical
parametsrs, bench scale testing forms the first
essential step in determining thg Buitability of

8ny ore, coal end limestons combinetion for the nrroduc-
tion of Sponge Iron suitable for Electric Arc

Furnace steel making.,

cp Ore
Iron Ore should have as bigh iron cuntent ss possible,
prefersbly above 62% with lcw gangue components snd low
levels of impurities such as sulphur and phosphorus.
The requirement of high iron content in ore erises
from ths needs of the process of conversion of
Spongs Iron into steel in Electric Arc Fuznace.
The higher iron level in the ore gives rise to highex

totel iron in the product and conssquently higher




liquid matal yiels in Zlectric Arc Furnaces and minimunm

iron losses jin the slag, |gu level of g8ngue are

required as thare jg TY removai] of S8"gues in the
direct reducticn Process. FfFyrther Gangue requiresg

additionas? Telting power eng 8ppropriate limestone

8tage. Bagec cn thna Crarnting experience, tota]
gangue below 6% woulg Le cesirable §n the iron cre

with silica being less than 2L.  The Sulphur and

of the 8tesls to pe producec in view,

Suitable Precautions sre to be taken for desulphuriga-
tion in the rotary kiln, ase Sponge Iron tends to pick
up the sulphur frog €oal in the absence of desulphuriser,
Phospho rus level in cre 85sumes importance 88 the
Phosphorus in the ore ;s retained in thy Sponge lren
without 8ny change during the resduction proceas,
Eventhough it is cesirahinr to limit the Phiapho rus
below 0.06% in the ore, it hag been observed that
Phosphorus levels could be tolerated upto 0,12%

in Sponge Iron, It hes been reported that Phosphorue
is in the oxige form in the g9engue matrix and jig
absorbed by the slag st lower oxidising potential

and at lower besicities in Electrie Arc Furnaceyg,




Apart from the chemical characteriotics as sbove,

the iron ore has to satisfy certain minimum requiremsnts
with rsgarc¢ te physical nirength. Sheatter, Tumbler
end Abrasicn intices jive s~ incication of the

Physical Strengtn.

Based on Bench Scale Tests cf different cres and
studies on the cecrepitaticn tehaviour in the

Rotsry Kiln of the SIIL Plart, it is noted that
shatter index of iron cres should not be less

than 35X. In additicn tc the physical strength, the
decrepitaticn behavicur cf tne oOres during reduction
is of specific importance fcr rotery kiln operations
38 the fines generatec during reduction form low
melting compounds with the coal ash and stick to

the refractory lining cf ihe rotary kiln,

It would te desirable to have leas than 5 to 7
percent -1 mn, fi.sn in t-e product. The oOre

should alsc heve ;cud reducitility with cosl

to be suitable for ues st :he «iln operating tempera-
tures. Reducibility inder of the order of 94 to 96
per cent tested at s temperature of IOOOOC is found
to be optimum to get metailisation level of 90 to

92 per cent st the kiln operating temperaturs.
Reducibility index lower than the sbove velus will

sdversely affect the throughput .f the kiln.
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The main chemics! charactezistice of the coal

which in’liancs 1ts 3ti1tari ity ne the reductan®

are reactivit,, ;receimate a-nlysgie comprising of

fixed carton, esn an? vilzt:le matter, =elting
characteristics 9¢ ccal mah under reducing

concitions, the total sulnhur anz the diffearent

forms of sulphur present. (cals of bhighar

resctivity are sreferatle an theay permit ths

operation of the kiln at lcwaer temperatures and

8t high throughpu* ratss. In genersl coal

reactivity snculd ve of the orider of 2.2 an

of CC/gC sec. Tre ash in ccal should be as low

as possible 88 it occupins the effective kiln volume
reducing the space aveilawnle for irecn bearing materials.
The ash content in ccel car~ ta tolerated upto a .evel
of 25 per cent fcr use :~ rotary kilns and any incresse
beyond this level will reducs the throughput capacity.
The vclutile matter in coals should be of the order

of 30 cer cent 80 a8 to heet tha iron ore to the reduc-~
tion tempersture within ths shortest possible time.

The fixed carbon shoulc be of the order of 40 to

45 per cent. The melting charecteristic of cosl

esh is of utmoet importance while evaluating cosls

for direct reduction applicstion. As the coal

eeoh forms low melting ccmpounds with sponge iron fines,

it ie 7esiialle to have softening point of coel esh
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in excess of 1180 { uncer reducing conditions. The

kiln opereting temperature in the reduction 20ne is
§0 cncsen that 1t 1s lcwer than the esh softening
point by 130 - 156°C tc =inimise the formation
of sccreticns. The suiyhur cuntent in the coal, in
the form of crganic anc ircrganic compounds, also
serits coreful consigeration., Part of the organic
Sulphur gets vc.istilised in the pre-heating zone of
the -iln anc ircreases the sulphur load in the waste
Gas system. _rgenic sulfhur tends toc get released
in the reducticn zune alcng with the utilisation of
carbon eand gives rise to sulphur pick up in Spongs
Iron in the sbesence of desulphuriser. In short the
totel sulphur in cosls should be low, prefersbly
below 1%. However, ccals having high percentage of
fixea carbon lire anthra.ite, cculd also be considered
as reductant through tlencin; with bituminous or sub-
bitumincus ccel 8c that the reactivity of the ccal
blend improves. Alternatively, such cosls could
@lso be used by maintsining higher opersating
temperatures when the resctivity of the coal
improves. The related problems of ssh softening and
subsequer.. fusion et higher opersting temperstures

are sbsent if the ssh cuntent is low.
Limestone

Limestone is used in the prccess ss & desulphuri{zer
88 thms cosl used for readuction contains sulphur.

Limestone cuntaining ss sverage of 45 per cent




Ca0 hes been observez tc ba alecquate for this requirement.
The size distributicn 3¢ iimestone also needs to e
considered as it :s obsgrves that the desuiphurising
8bility of finely granulatsd limestons is very good,

The size rengs cf 1 t5 3 na ;3 found to be very

effective in rotar; kilns,

5.0 BENEFICIATION OF GRES:
S.1.0 Preliminery Tests on the Iron Ores from Nepsl:
5.8.1 The Preliminary chemicasl snaiysis carried out on the

®8 received cre semples indicated that both the ores

sre of a8 relatively low grade with aversge total Fe
content of 52.80( and 48.0 in semple-1 and seample-2
respectively. Ths total gengue content in the two

ore samples are of the order 17,50 and 23 474
respectively. As it is seen from the chemical analysis
of the ores the Silica and Aluminium content is as high
e 17.5 to 24% from which it could de infered that the
ores should be banaficiasted for eliminating or winimising

the gengue portion,

Set.2 The sirewise chemical malysis of ae received ore
samples indicetes that -25 mm fraction wes beering
low ircn content as compared to +25 mm frection.
Also it wes observed that ore sample was heving

some conteminants (Green Pieces) with very low




. 5.1.3

2.2
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jron content of the oruser 1. 20 15 per cent and
which could &= 1uentifiec physically and seperated.
Such in€lusiun= vull be soyreqated during mining

opersticns witrout arn, cificulty.

The Fetroleccical stucies <n the ore samples shows
that riematite an: Lcethits were the main ircn cre
mirsrals while guartz ar: reta bssic rocks were
presen: a8s gangue mater:als in both the seamples.
Basec on this creiiminaxzy study, benaficiation

process for imprcving th= 1ron content was drawn up.

BENCFICIATIGN STUDIES € *EPAL CRE.:

The veneficiaiiun tasts for improving the iron content
in the 1:0n ore samples of Nepsl was conducted at
Research @nd leve.c;.ent Leburatories of National
Mineral Uevelopmert (cr;oration (NMDC ), Hydersbad.
The test3 wers 8imel to establish the fessibility
to proaguce high 2r10p content of calibrated product
in the size range of 6 to 20 mm, which is the nommal
feed size of ore for spcrnge iron production by the
Rotary kiln process. Keeping this in view & flow
shest was devsloped for csrrying out beneficistion
gtuiien.

Two samples of Iron Ure received from Nepal marked

as Sample-t and Snmple-2 werse supplied to NMDC for




undertaking the teneficiation tests. Petrolcgicel
examin@lian anc stucy of zhe Sizewise chamical
8nalysis was ccnducte: cn the cra samples. On

the basis of such preiiminary studies the beneficia-
tion tests were carriegd out. The detafled report on
the beneficiation tests is Given st Annexure-I. The
beneficiation tests have shown that the iron content
of the ores cculd be improved from $3.4% to 56.12%
and 48.41% to 53.99% for Sample-1 and Ssaple-2
respectively. The teneficistion tests were carried
out in bench scale and pilot plant scale levels. The

results of the beneficisticn tes:s ars sunmarised

below:
At Bench Scale At Pilot Plant
Teat Level. Scole Test Level.
Saaple-1 Sample-2 Ssaple-1 Ssmple-?

Fe(T) %

in the ss 53.40 6. 41 53.40 48. 41

received

sanples

Size of

products 6 to 20 6 to 20 6 to 20 6 to 20

af tex

beneficiation-mm

Fe(t) in the

beneficiated 56.52 54.22 57.50 55.69

product %

Weight

recovery % 68.50 64.40 58.90 54,80

Iron Unit

r.covory 72-07 7305' 63042 63.0‘




Benaficiatior tests wer 153 conuu te! on Nepal Ores by
wat jig:inj C.erit:un. for these stuiins, the two

sam,. les of Cro rrcer, o trom Nepal were blenued in sgual
proportion an: ex:iarirunts aera ccniucrted on composite
sar>les, The main 9r:er tive of this benefiristion tests
1S to stucy N efe- b i .239ing operation for imoroving
the iron ¢ ntent 1= ¢~: z2yrp. Harz type of jiges were used
fer the evperimenss,  "he :igging te=ts were ron urted st
2 recognisec rinerzi crussing and peneficetion laborstory
of the LoO.ernment of 1a 13, 25 such beneficiation facility
of jigging was ~ct av2il:.le with SIIL. The ceteiled
rerort s procased by ths an0ce latoratory is enclosed ot
Annexure - 11, From ¢« j1211ing tests conZucted on
dif-erent si:e Frictinc 5f tie ore sample, it is este-~
blished that tae totai ircm content in the ore has not
shown any impriven2n: - . imnirec to the results obtained
from the srevious tec: o crusting, screening and
wishing ccn. L ter A%t *v:i na. Mineral Development (orpo~
raticn, HyderauzZ. <, such the Jigging operetiun is
considered not suits. i recticuisrly on sccount of high

density of i ore.

The results of tre benefiristion studies by jigging

operation sre summeri-.«-. nelow:

BENEFILIATED PRGDUCT

Lomponi
Assay ore ga i -19 -1 ~10.0 -4,75 -3.2
% as fe: o0 10 ma 2 mm +4,75mm +3.5mm +0.85 mm
the jig
Fe (T, 51.9 52,06 Y.l 55.25 53.00 56.24
si0 18.11 17,21 14,07 14,40 11.68 6.91

2
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6.1.0

6.1.1%

6.1 .2

6.1 .3

6.1.4

LABORATORY Ani: BENCH SCALE TESTS ON NEPAL GRES

Chomical anslysis of Ore Sesaples:

The Beneficiated Iron Ore samples of Nspa]l were

snalysed for the conastituents such as Fe (Totel),

FeC, 5102, A1203, Ce0G, MgG, Sulphur end Phosphorus.

The results of the chemical snalysis of two beneficisted
Sxe samples used for further testing (reduction tests)

sxe given in Table-S.

fa (Totel}:

The chemical esnelyfis of two ore gamples shows that the
total Iron cuntent is 58.64% in Sample-1 and 57.80% in
Sample-2. The Iron content is st#ll considered to be
low &8s comparec to norxmally occuring Ores suitsble

for sponge iron procuction. Low Iron content in

the orxe tends to lower Fe (totsl) in Sponge Ircn.

In view of the lower Fs content in the sponge iror,

the liquid metal yield would be lower as compared

to the yisld when scrap or sponge iron with high

total Fe manufactured fro~ better grade ores are used.

Ganque:

The gangue contsnt in the twc ore semples is sbout 15.79%
end 16.84% in sample-1 and sssple-2 respectively. The

gangue could be separsted during eteel making stags ss sleg.

Jmpurities:

The impurities normally present in the Iron Ores ere

sulphur end phosphorus., As cen be seen from the chemicel




analysis bith “e Nes~! [ -se contain low phcsphorus
and suighur sncg thence €tuls re coanicered sunsrior

88 compared to ~Crreily 0cfurring ores for sponge

iron making. Spec:ial Ste=l ce~ be produced from

both the Ures cue to low Sulrhur end Phosphorus in the

sponge iron.

Phypical Tests on the [rcn Jres:

The physical teats like the Shatter test and the Tumbler
test determine the teld stren;th of the material for their
resistance to abragior, imnact handling, The Shatter,
Tumbler and the atreeicn i-J3ces give en indicatjon of
probeble extent of fines l:kely to be generated during the
reduction procesr in the k..n and while handling the product.
These tests hayve been carriec out as Per relavant standards
IS: 9763-1984 and Is: 64751372 respectively. The results
cf the shatter tests anc tuztler tests are shown in.

the Table-6.

Shatter Index:

The Shatter Index of both tre Nepsl Cre sarcples ig
57.00%. The test results indicete that the ores

cen withstand very well to normal handling end such high
shatter index indicated the: the Ores sre suitablse for

direct reduction frocess using rotary kiln technology.

Tmnblo; Index;

The Tumbler Index of the (e ssmples is odserved to bs
91.30% for sample-1 and 83,70% for eample-2., The test

results indicete that the two ores could be classified ap




6.2.4

6.2.5

6.3.0

6.3.1

hard and cense and consicerec tr Les suitable for the

Direct Reducticn process “sing rotary kiln technclogy.

Abragion Index:

The sbrasicn irdex of the <we Ore samples are
4.70% and 7.55% fur gampie-1 and ssmple-2

respectively. The errasion index of both the
Ores are well within the accepteble limits for

Direct Reduction process.

Bulk Density

The bulk density of the twc ore samples is 2.13
and 2.06 tons/HJ for semcle-1 and sample-2
respectively. The bult cersity is less compare.
to normally occurring ircr cres whick could be cn

8ccount of low iron content.

Properties of reductant use-r {Manuguru, Singarenj

Cosl - India):

Proxinatg Analggig:

The proximate 8nolysis c¢f the coel samples for

the detemination =f fixed tazbon, volatile matter
and ssh was carrisd ou: as per the procedure outlined
in Indisn Standerds 1S: 1:50 (Part=1) 1969. The
sverdge results of the snalysis cerried out are
presentecd in tha Tahle-3.

From the Tatle it could t'e sean thet the volastile

matter is 24.14%, fixed csrbon is 46.02% snc esh is 29.04%,




6.3.2

Sulphur Corter:-:

The sulphur ccntert 3¢ - = ccal is one of the
important characteristics for the avaluation of
suitatility of tte coa! tc Le used as recuctant
for direct recuction cf 1ron ores. The sulphur
in coal is normally ccmpcsec of inorgsnic/pyritic
sulphur, sulphate sulpbur anc crganic sulphur.

The presence of organic sulphur contributes

to the sulphur cickup 1n :ne spongs iron in the
8bsence of desiichuriser. The totsl sulphur in
the ccal sampie was eralyss" by grasvimetric method
s per procedurn outiire: in the Indian Standard
£S: 125C (Part=I"]) 135:, “hae different fomms of the
sulphur in Menuguru coal wmre alsoc snalysed and

the results of trese chir~ical analysis are

Presentsd in the Table-3. The tatal sulphur in the coal
wes 1.05 per cent. with the crganic sulphur of the
order of 0.S8 per cen:, it could be observed thst

the sulghur content in spcn;s iron Gould be controlled
well below scceptable limit with usage of limestone

(Blest Furnace grede) as desulphuriser.

The sverage gross calorific value of the Manuguru coal
sample was observad to Le cf the order of 5000 Kcal/Kg
which 18 considered opiimum for the specified p' rpose.
The calorific value of the reductent was determined in

®n edisbstic Bomb Calorimeter.




6.3.3 Chemical Analysis of the ccsl as~

The chemical compceiticn of *n.a ccal ssh influence

the softening characteriatics of the coal aa',

Higher concentrat:or of Silica enc alumina are
generslly in lire with higher scftening tempersture.
However, higher ccncentratizr cf the iron oxides

in the ash lowers tre scftenin- :cint ccnsiderably,
The analysis of the cual esh fecr the determination
SiOZ, A1203, Ce0 ond Mgl was carri=d out and the
results are tabulated in tre Tanle-3. The results

of the chemical analysis of tis coal ssh indicate that
the ash is acidic in neture an- rredominately of Silice

with 8 value of morethan S5G%.

6.3.4 Melting Cheracteristics of :-e ccal ash

In the rotary kiln prucess the ikiln is tc be operated

at & tempersture of 1050°C tc Get the desired degree of
reduction and this requ:res ccais with relstively higher agh

softening temperatures of the order of 100 - 150°C

above the kiln operating tempsrotures. The melting
chsgacteristics cf the coal esh is determined in

a LEITZ HEATING MICROSCOPE and the points of important

observation are the softening or the initial deformstion
point, the melting or hemispherical point and the flow

point, The behaviour of Menuguru cosl wes found to Se
extremely good and the initiol sci tening point itself

w8s observed to be 12000(. It 13 felt that this

could be attributed to lower concentration of sulpate
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sulphur in the coal ash. The test results of the
meiting oehavicur cf the cos] ash are indicated

in the Tatleel.

Reactivit, of coal

Reactivity, of the coal refers to the amount and

the rates of carton mnuxicde generaticn through the
well known Boudeourd Teaction.,  This is an impartant
fector in Iotsry kiln operaticn since the generaticn of
csrbon moncxide required ‘cr tre recuction of iron

ore is formed in situ snrc is s function of the
temperature in the kiln, The teactivity of the ccsl is
detemirec by the weightless wethed,  The test results
carried out on Manugury conl irdicate the reactivity

8s 2.07 cc of carten morcrice Ter gram cf carbon

per secound.

fecucitility and Jecrepitaticr Teats at Laboratory
scale {evel

Reducivility tests a-e carried out in order to determine
the behaviour of the irun ore during reduction and to
Predict the behaviour of the ores in rotary kiln for
commercial operation, In the Latoratory rotary furnace
and Short Rotary Kiln reduction tests opersting conditions
of the rotary kiln are simulated, The test results
determine the Reducibility and Uscrepitstion Index of the
ors based on wnich thesuitanility of the particular
combinetion cf iron cre an: cagal for us in rotary kilns

could be determinec,




Laboratory Rotarx_fgfnurn Testy

Ths reducidility tasgts =€:2 cinducted ia an electrically
heate: Llascrateor, SRUiny Y- iza gt og Isduction
teoperasture of 1007 ¢, Bine: ~n the Corparitive study
ef Bench ang Cercnstratic- Scale Testg o9n kncwn iron

dre and ttals, the tere ?Hre‘et:es/csnditions for

the Laboratory Retary Firrice have bean “evelopea by
SIIL., A brief Sutlire of 254 test conditiong is

enclosed at Annexure-1i].

The Laboratcry Rotary Furna: e test rasuits gp the
Nepal Ore eamplaes in combinat:cn with Manuguru ccal

are presented in Talle-T7 ¢ =,

The Jdejres of matallisaticn an- :educibilitx index

The degree cf metallisation an fecducibility index of
Nenal Ore 8amples sare fcyni tg e 83.78% and 92.13%
respectively for sample-1 =n4 ¢,y sample-2 they wers
€3.28% angy 88.25%. The resul:, Indicate that both ths
Ore samples haye satisfactory Teducible properties

end are reducible with Manuguru Coal,

8%10n bghaviour of Oreg

5. The qeneration aof ~3mm fop Ore sample-1 jis 10.49¢
8nd for Ore Semple-2 it ig 10.06%. The decrepitation
behaviour of both the ores g very good compared to

the verious other oras so0fur testeq by SIIL,
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PLCCESS J@grauniiin r o i1i=3 ¢ ores and reductant

The process degricati-h oo e of he,r3l {re sample-1 and
Samj.ie~" 3re J1_ i 2~ o€ iespectively and they

ATA CaMara’le Wit *oun 1 -+« f lecal ircn oree which
3re be:rg usec . 1l - ¢ a; Te;ulap piant cperstions
8nc as sucr the, a:r= wea . m.''i accentable limits.

AL AAN S12€ wiSe 30a.yS5is

The crain size wige 3-n..g;- _° magnetic preduct
rresented in tBlie--, 5 .Cws et -Smm fraction
has achieved hig er -2ta...:1%12n on compared to

+Smr fraction.

SHURT RUTARY RIL', TEST;:

The short roter, xilm ic ar 1! fired furnace 'ined
with high alumine refract.ry tricks and is designed
for batch operatizr, Th2 “irrace is equipped with a
charging door and » “am, ding purt through which sampleas
8re drawn 2t dafirit. iaterveis. ¢ igs also equipped
with an 0il burner whose f.ire ig of horse shoe shape
pessiny over the muterial beu inside the furnace.

In view of this the actua! cecnditions prevailing

inside & commercial £iln c3n be simulated precisely
i.e.,, reducing materisl ned and oxidizing free board
gases. The waste giases a4y turough the exhsust duct
provided at the tcp of t'ie Lurner atand. The rate nf
flow of waste gases 2-¢ tne #iln pressures sre controlled

by the demper prouicec in ths waste gee line., The

samples drawn at oefinite intervals sre cooled in inert



6.5.2

6.5.3

6.5.4

{hitrogen) atmosphere a- 8-3..8r" “Cr Zecrepiiation
behavicur, rate cf retict::~ a-¢ -er-on consumptiaon, etc.
he test cunditicans ¢ w0t o s 1in test are

giver at Anrexurs -

The summary cf the shcrt rotar +il~ tegt resuits
8re presentec in Tablis= 'L % 11 In thege tables,
the screer anslysis ¢f the fre c.terinlg viz.,
Nepal Cres and Manugure rcal an* t-- irainsize

aralysis of magnetic 8nid nnr=taiemry. rroducts

fractions are indicated. Trne chemical anelysis

cf the samples drawn at _.ar:cus intervals have besn analysed
for Fe (tctel), Fe-me*allic, mz2tallisation, (arbcn and

Sulphur. Fixed carbon ir non Tejrelics are also a--lyged.

As can be seen from the resclts e reducibility
behaviour of Nepal Iron {res wa. :ound to be
satisfactory in combinastion with Muruguru coal as
reductant. The samilre collaciec ot the end of fourth
hour after loading has irdicsted n metallisation value
of the order 87% for toth ore semples. Short Rotary
Kiln test results slsc confirme: the similerity in

the reducibility behaviouz of theore semples as

indicated in the Laborstory Rotary Furnace Testa.

The decrepitation dehavicur of the Jre gsanples was
observed to be more or less same as indicated in the
Laboratory Rotary Furnace Tests. The =imm fines

gencration was obmerved to be 7.55% and the 1 to 3 mm

fines generation wan obasrves tc be 7,32%. The total -3 mm




€ra o= . . - 1. e Jdecrrpltation
Sob= - - . I7¢ In 1 = sare
lin s g0 o D et s eneraticr whs
well ~2na.. 2 - L ihe *i»ed varhsn
anal.se ir v cen TN thaily samgples
irctontoa: oo, - - . Jtotns o Trnon o with
respect ¢c de ;oo tor- M .

LohiiLar . S T -

From (e ta o, ' s te 1T LLtaaner oa oLath
the sarp i ot - - . T Ltserved th o+ tre
Eemiies G o - - Toenl o ~it relatively

0 O S ST . rrooes s ame)als

arc opetprole . (VR e o Ten, .S e 3l
that the Iroe o0 Lo b = 7 Ll vrode HAematita

Ltype Sk 1 T Lt pe gy el

& the soam; . Lra o4 - ST =ittt Silicices matter,
Tie Yeamaby i 0 e e t'm are qpnple wan

L2 a8 SN B ] L 31rabic Lo unlertare

the nenet1ci :ti.r

eIt cune L ting of trushing and

washin: the cre.

BENEF ICLalfor, 10 1)

Tha benefiriaticn tects hyoe in.icated that the lron
content s oul e improves by (U with a recovery of
eroun: £A% o 7% Ly ©io3hing, L(reening and washing

techniquer, in: eref ¢« -tiur w.s carried out on

the sam,.les ‘x..mec ©o th: <iie tange of 6 to 20 mm



which is t: r~c-- 1 sl --e urer tor production of

R Spence [irp S e - s . The gired beng-
ficisted @re « -~ _seq . Lot csrtuinar 58.64% anc

. S7.60% cf Fm 1 ro.

. Tetr.2 from the Shat.w: v st tests con.uctec ce the
Lenevicier o Lreo, 1o lizter trat the ora e

- hard an- »~c: -« o Torecitet:rin., On acc .unt of
it ;oed e crl L. Liiiic - @ oDrGierty .the oSre isg highly
csuitle fO: ;12 ~ ;.r T 7t zy viln a8 tre graosration
of fines in the crocess wolil ne ver, ripicum,

T.1.°2 Further venetac .o Lo @ o C.nou ted 2y wet jigging

. ’ m- trod is =i~ - noTSt Tk aivnr ta e ag e Fa
conzent of ‘r . s Yonang operatlln ans not
shown «ny im L = m~t view Gt tris contucting

. Jigiing for fortner oar L ution a*t rurmmercicl level
of dperat.,or i ri L e Loal e frum ecunomics  soint

. 0f Vi, T 1 a2 ane 0re Bty e of
OFeT3TIon witowt St beno i,

. Telos Beneficaticr oy grin :ng o pelletization for such low
grade hematitie Jres wou. ! involve deployment of

. griniir: tc & very, ‘ine - i-p fraction and subjecting

“he materimi to Fijy  ,tantity magnetic seporation,
such a proorss an.o!l . »n a0t spvestment and consequently
hijher oper ton; coote with very low yislis of the

order 20U=25%% oniy, [Thin *wrtpnique woulc make the oversll

proposition toinlly uner: numical,
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content above 62%. ehile *he siicnje iron produced

from Nepal oree ~=< suih zoula Le coneBidered suitable

for steel making, on accaunt Gf higher ganjue inherent

in the ores tha vyielc: in steel making would tend to be
comparitively lower. Ir siew cf tnis and on sccount

of very low levels of Sulphur en< Fhosphorus and sponge
iron from Nepal orms cculec be considered ac a blenc with
normal scrap for procucing quality eteels. Cn account of
low Sulphur an: Phasphorus levels and the known chemistry
on the sponje iron & blend in the orager of 20 to 30X
would give optimum results in the steel making process.
Such proportion of blenc would not have much adverse

sffact on the yield.

Alternatively the s;onje iron procduced could be con-
sidered for asmelting in 2 mpecial Submerged Arc Furnace
for production of low phosphorus, low sulphur high
sryde Pig Iron. Sme_ting of such sponge iron in sub-
merjed arc furnace would be censicersbly easier 2s
compared to Iron Ore. In view of the fact that the
material for smelting is pre-reduced, the power con-
sumption would be much lower and economics for pro-

duction of Pig Iron by amelting in Submerged Arc Furnace

sppear to be extremely fsvourable.
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Taking note of the asove it can bz concluded that a
32,000 to 45,03C tenrnes ser ennuw Sponge Iron Plant
usingy beneficiate’ {ump Ircn Ores of Napal in com-
bination with Indisn non-coking cc2l3 could be esta~-
blished in Nepal. The Scene lxon of comperitively
lower grace {on account of law F= in lron Ore) thue
produced cculd be effectivel!;, u:2d in combination

with scrap to an extent of 20% to 30% for =aeliting in

any o the existing El=ctric Arc furances in Nepal
However, tsking note of the ciffizult availability of
scrap in Nepal, it is consiierez desirable to set up

a Submerged Arc Furence fecility -esigned for smelting
sponge iron for production of low phosphorus, low
sulphur pig iron. The Submer;ed Arc Furance fo- iity
could be of a capacity of about 6 M& capabls of pro-
ducing 30,000 tc 35,00C tonnes of hot metal. OCn success-
ful implementation of the abtvs achame furtiher develop-
ment could be considered by satting up » steel making
focility consisting of a MR® Convertor with continuous

cesting and rolling mill fecilities,



Table -

SCREEN ANALYSIS OF S SLCERIVED 12N ORE SAMPLES

Screen Sarzle ~ ° Samdle - 2

- am Pulchoke Pulchoke
b 4 %
+ 15 Jj8.6C 6s.30
] + 10 56,38 81.76
+ 8 6.34 22.83
+ 5 11.0¢ €8.4C
+ 3 32.237 30.71




CHEMICAL AMALYSIS _F

Conctituent

23 bt

iViI URE_SAr

2,40

LNt 1)
‘e v

Les28

0.01¢
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Total

o @t
i “n Ozy -aqiel
Cxgonic Sulphucs C.582
Pyritic Sulphub 0. 25

Sulphate Suljshurs

ia*nd

C.C13

Groos Calozlfic Valuw Wcul/iy

o

- L

& LV - 3 2
Halbirg Nghavioss of Gnal Sa%
softendng {Inl:{al Dafrznatlionr ol S0
Molting (:oslastierical) Palnt °0

flow Point *2

- -t

(98] ~
Y
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-
[ 28]
[ 2
(W]

Chenianl Anelads uf (94] ArK 9,

SLOZ

A0,

F°2°3

Cald
Mgo

56,50
254532
1.2

{40
Je45

J
£ ol
W o'-—-QLHl

g af cariohe Gz

2,07




Fe (T)

f¢203

. 5102

A1203
Sulphur
Cal

. HqD

o1

CHEMICAL ANALYSIS OF DESULPHURIZING (LIMESTONE)

USED IN THE TEST WORX

] 0.84
H 1.20
s 6.80
g 1.78
s 0.058
1 48,76
s 0.28

Table - 4
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PHYSICAL PROPERTILS OF IRON ORE SANPLES

1. SHATTER TEST,

Shatter Index

11. TJUMBLEX TLST:
Tumbler Index

Abrasion Index

BULK DENSITY;:

Tons/ M3

Semple - 1
<

97.0

91.30

4.70

Spmple - 2
<

97.0

80070

7.59

2.06




UMMARY OF LABORATURY ROTARY FUANACE TEST HESULTS

—

Ore: NLPAL ORE Reductant: Megnuguru Coal
Semple - 1

ety ntadn Time « 3 hrs.

C/Fe a 0,50

~——

ccrenitation Bihaviour 5% Prure 5 Zoornuatio mdey 6%
‘etallsa- Decrenitation Bi haviour crodation Indes 93

s —— -

tion - P
q ~1mm -3m-, -5mn Uride feed e et ans
. [

92.13 4.84 10.49




Table - 8

SUMMARY OF LABORATORY ROTARY FUANACE TEST RESULTS

Ore: NEPAL ORE Reductant: Manuguru Coal Reductisn Temu=1000"¢ Retention Time - 3 hrs.
Seaple - 2 ' C/Fe = 0.50
. 31 % 3¢ { - ae | . ~
Exo. Metallsa- - Qucrepitation Behaviour % Prace ss Uegradation lndex %
Ka. t;“" % -1nn -3mn -5mm Gxide fecd Reductans

1. 83.28 88.26 3.77 10.06 15.72 : 18.5%5 44. 7




Table =~

R 128 wl CHE M]C L 0 0 ROTAR NACE
- - "Acm.zic-rgiuiysz--- ------- L R R E R X L 2 X X B K 1L N L X ] L. X 2 X '
Size Range Semple - 1 Sample « 2
MM e
Fe(T) Fe(M) Met, Fe(T) Fe(M) Met.
<15 = 20 - - - 71.76 57.80 80,55
<10 « 1§ 77.07 67.30 87.32 72.61 64,51 T1.76
+3J -5 76,51 70.65 32.34 76.51 69.25 90,52
- 1 84,61 76.70 90.65 81.54 69.53 8%.27
NON-MAGNETIC PRODUCY
Constituent Sample = Sample - 2
% %

Volatile Metter 6.00 11.00

Ash §9.50 58,00

Fixed Carbon 34,50 .00

Fe (T) 6.56 6.96




0: NEPAL 03¢

REJUCTANT

SHORT 0T AIY_KJLN TEST “gsuits

SAMPLE - 7

MANUGUSU CoaL

SCREEN aNALYST S HEL 5T &

acreen Feed Material Producta

mm Ore Coal Majsc, Non=Mage, 3. No,
+« 15 7.00 - - - 1,
« 17 37.715 25,95 21,30 15,36 2
+« 8 22,175 28,12 23,35 14,35 3,
« S 12,60 30,84 29436 13,87
.« 2 - 14,C5 15, 82 .32
1 - - 1,32 13,32
- 1 - - 2,85 .59

REDUCTIOY TEMP, =  980°
C/rl - o.sc
CACMICAL 34ALYSIS OF nanyerig PIODLCT &% F.Co in

Sample Nen=Mapc,
%8 fe runca Fo (t) Fa (m) Met c. s,
after 2 WHry, TB.32 575,13 785,50 C.'4 0,018 46,65
aftes 5 Hrg, 82,12 £8,64 £3,2% 0.'% n,c18 36,71
aftsr 4 urs, RS,65 75,20 87,78 0.18 0,016 22,51



TABLE - 14
SHORY R0TA3Y Kk Ju IEST SESULTS
GR€:  NEPAL 0ag SAMPLE - 2 REDUCTICY TEMP, © 5.9 '
WAUCTANT:  MANUGURU COAL C/Fe - 0.50

SCITEN ANALYSIS JEIGAT CHEMICAL ANALYS]5 oF FuDyeT 4%

§55232 -----EEE?-&EEESE&&-- -----fEEﬂEEE&-.--- 3.0, Samp le Fa (¢t) Fa (m) Mat c. 5. ;;g:”jgc'

me Cre Coal Mage, Nin=Maj;c,

+ 15 £.2¢ - .2 - 1o after 2 wrs, 76,34 R LT A S B T 47,07

v 'C 58,82 <3.00 24,246 11,43 Qe afte:  npg, 800,34 45,24 .10 0,08 0,096 15,69

e 7 15,83 atec PN 11,35 Yo Afar 4 nra, 34,73 Ti,69 BT, o, 1« CallVs o0, n
.« I Ve 33,02 32,3 2.t

« 3 v 12,00 16,83 1, N

. 1 - - £.23 25,62

- 1 - v 2,13 6.7
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A1203 - ARlurina

(vale) - (Calewlateq)

Ca0 - CaY¥ctum Cxide

Dist. - Jdistribution

Fe ] - Iren

LCl - Loss on ipgnition

4 4 - eillinetre

. - hkzaganese

|3 - iagnesium C-1de

Krac - S>aticnal Ninerzl De -elooment Coraora-

tion Limited

~ - Percentaze

F - Pyesohorus

KD - esesarch ani Develcauent
5102 - 3{lica

S - Sulshur

wt.,: - w»ecight percentage

W.T.C. - #ith respsct to original
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FRC¥ M/3. S2CNGE IRCN INDIA LIMITD

INIRGDUCTICH

Twe low grade ircn ore sanples of guantities,
Sapple Nc. I-2.9 tonnes and Samnle No, II-3.5
tonres were received froz the Syonge Iron Indiz
Ltd. for corducting tereficlation studies.

lne -maxirun size of the luzzs was usto 1C0 wm.
CaJXTIVS

Spenge Iron Zrdia Ltd desired DC tc conduct
teneficiztion of these samzles sultably to produce
pirus 20+6 w2 lunmys.

3CC22 CF_WwCRK

Ine scose cf work for teneficiating these samples
irvclved the fcllcwing steps 3

1) Chremical arnalysis of as recei~ed saciles.
14) Size analysis of as received saz=ples.
i31) Petrolcgical studies of the sanmnles,

1) Frocessing of ore sazjles as zer the flow
sheet worked cut %o produce 6 to 20 o
arcduct. '

v) Chemical anal-sis of final lumps product
for Fe, Fe0, 310,, 81,03, LOI, 3, ?, In,
Ca0 and ¥go.




k.1

CBARACTERISTICS OF THE SAMPLE
or A b4

ine as reccived representative samrles were ana-
lysed. The chezical analysis of the samdles is
giver in table I,

Size as2 Chemic-d A-plvsis

The as receivel szwtlec were screered at 76
56 £3, 25 ==, 10 z= and 6 =, The
erd the chezica: analvsis of the fr
giver in table :

As czn be seer. in tatle Il the -Z¢ m~ fractior
contained 3,9% ircn crly with a wi.s of 4,60 ir
cese of sarzle ne. I. In czce of sarnle Np. IO
the ircn ccritent of -25 p= Is cnly 1.53 with e
wt.r of 2.5. Lhis indicates the .25 r= fracticn
of bocth the sazgles can be rejecterd,

(r. visual observaticn cf +25 m- fraction of both
the sazples, it was observed, green coloured
luz;s which are distinct in colour frez therest
of the iron cre lurps. Petrolegical examination
indicated that these green lumps are only silicates
with very low iron values. Keesxing this in view,
it wes decided tc pick these green lumds manually
ani separate fror the other ircr ore lumps,
presucing that this would be pcssitle in the rcine
wvien the pagrnitude of mining the quantity of ore
is not going to be very large as indicated bty
3ponge Iron Indie Lt4.




Tahle I

CHMICAL AXALYSIS CF A5 R3C317 D SAMPLES

Constituent Sample — Sapnle 11
Fe 53.40 LE.4L1
FeO - 0.38 1.02
510, 14,20 18.0%
‘,‘2.03 1,80 L.80
LGI | 1.60 174
¥no 0.065 0.13
Ca0 1.42 1.80
g0 1.80 2.70
3 Traces Traces
P - 0.042 0.031




SIZE AND CHAEMICAL ANALYSIS GF 'AS E:CIIVID' SAMPLE

Tabe 11

» 2 . S;rj'lp’n
Size nt, ; Assgy» Dist.» Wi, Assay,s Dist.5
Fe e Fe Fe

+ 70 R 29.1 5c.80 .07 29.3 52,40 32.24
+ 50 " 43.9 5k, 80 W. .57 43,9 £0.,20 45,50
+25 " 22.% 51.60 21,41 23,8 k2,20 20.73
Bezd (Calc) 95.4 4. 35 96,06 97.5 LE, G2 98.47
+ 10 &2 3.8 u7.k0 3.3 1.9 25,%0 1.1%
+ 6" 0.3 L. ,G0 0.l o2 30.80 0.13
Finus 6 o= 0.5 39.00 0.36 o4 31.60 0.26
Head (Calc) 100.0 53.98  100.0 190.0 L8.%.  100,0
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The samples ranged in size from 1" to 4" and quite
hard ard compact. iematite ang Goethite were the
major iron ore minerals and quartz and peta basic
rocks were present as gangue minerals, Hematite
exhibits 1ax:eu%r tvinning as well as collofom
banding occassionally. Goethite was assoctiated
with quartz. The aprarent specific gravity of
iron ore pleces ranged frem 3.72 to 4.50 of sazcle
Ne. I and 4.11 to 4,6 of sa=nle lo. II,

lhe detailed petrological reocrt is given in
Amnevure I, '

BAICH SCAL: iSSTING (DY TA3ls)

After separating the green lurps (silicate mirerals)
frez the +25 == fraction the irct ore lumss and t he
green rock lumps were analysed sevnarately.

ihe rasults obtained of samnle No. I and samnle Yo,
11 are given in table Kc. III-A and table Lo, ITI.B
Tespectively.

| emarmey e

As can be seen from the above tatles the grade of
the +25 &z was improved from 54.35° Fe to 56,145 Fe
in case of sartle No, I and the grade of +25 pr
lump was improved from 48,92/ Fe to 53,98 Fe in
case of sazple No. Il-after separating the green
rock lumps rmanually.

The +25 mm iron ore lumps were crushed to =20 rr
and screened at 20 mn, 10 mm and 6 mn. The results
obtained are given in table Nc, IV-A and IV.B for
sezples 1 and 11 respectively,
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Tahle I11.A

-~
> N

SA¥TT I NC. T

Product Wt, 4 Wi, Assay o
WalaQa Fe Di02
f’g;‘;? tamps 95.5 91.1 564 1l 1255
Gres nss |
os oK LR 4,5 4.3 10.60 L3, 2h
Eead (Calc) 100.0 95.k .08 13.54
Table IIIB
SAMPLZ 0. IT
Froduct W, wt, Pe &53'4;;102
j Ve -
95 g S 86,5 84, 3 53.98 13.99
f";;“;?“ lucps 13.5 13.2 9.%2 13,68
Zead (Cale) 100,90 97.5 47,96 18,01




SAMPLE 1
. . . ” Azspr o
Size M", ? ':t; N Fe - 5102
+ 20 o 3.8 2, 56.82 11,72
+10" 57.C 51.9 £6.65 17.09
+ 6" 15.% 13.1 35.95 12.82
- 6 " 2"*.8 22.6 5"1’097 13;'!9
Bead (Cale) 100.0 91.1 56,14 12.45
Tahle TV.B
SAMPLE 1T
- . - Accav %
51z wt, » Wt » 3 3
+t 20 &z 3.3 2.8 56.5% 11,93
I 50.% k2.5 5%.29 13,40
+ 6 " 2207 1901 53'71’ 1,+ol"9
- 6" 23.6 19.9 53,22 14,97
Eeaq (Calc) 120.0 84.3 53.99 13.99
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Co i ALL SS3SULTS Ch DA CE T-0TING F 345 W T

Froauet

- ‘.6,_"""__ -
Tonoe 68.5 $6.52 12,39 72.07

=25 £o 4.6

?.eje:t) wb,27 15.99 3.66
Ureer. reck 1umos
(+25 =)

» o generate?
;‘?nx;; geners 22,6 5%.57 13.19 23.12

Head (vale) 100.C

w
(V)

072 14,2 100.303
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Froduct “le # Fe o> 519, gt

'20’6 m r'd q- .,2
lux:ps "}"'l" Hec 13-69 73. 51

-25 £2 reject 2.5 25.8% 15.195 1.57
Green rock lumps

reject 13.2 gLz L3.68 2.62
(+2° =

}?nii Generatel 19.9 £3.32  14.97 22.30
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(n batch testing the lumps (-20+6 cm) assaved
56.52~ Pe with 8 velght recovery of 68.5: ang
ircr unit recovery of 72.67< 1n case cof sanple

Ko, I,

In case of sezple No. II .23+ - lurds assayed
4,224 Fe vith a weight Tecovery of 64,495 ang
iron unit recovery of 73.514,

FLCT PLANT TTING

In order to find out the reccveries and the grades
obtairatle on ;%lot scale testing, retreseatiitive
sazzles of about 1.5 %c 2,00 tor: s were drawn
frcz each of the saz-les ang subjecte? to tilot
scale testing. The flow sheet adcpted forthe
Pllot scale testing :i; gilven as fig. no. 1.

ine details of equiozent used ir the 5110t 3sla-t
are as follews :

1. Crusher
Iype - oingle toggle Jaw Crusher
size - %00 m x 250 nc

2. Cpezine

8) 0.585 - 50 m
b) O.S.S - 20 r.m

3, Vibratory Scrssn (Double Deck)

8) Size - 90 mmx LS om (3 g 1%')
b) Screen odentincs - 20 pm and 6 mm
¢) Tyse of Screening - Wet

rater consuzotion fortesting the sanples by wet
screening four.d to be 1,22 m3/Tonne in case nf
sarple 1 and 1,15 £3/Tonne 1n case of samsle II,
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Figure-1
FLOw SHZ3T ADCPTED FC: PILOT PLANT TASTING

KON

Screen at 50 mn & 20 me (Dry)

i ” T 1
+ 50 == =50 *+ 20 == —2|0m:
Jelact I
<L N [
Land picking green reck dara picking Greern rock
]
G.Zen rczk Irgn Cre
wp Lucp
!
Gne!:mck Iron Ore
Juzp lucp
Aeject Crush & Screenat 20 mm (Wet)
- (20 m & 6 =2 ovening)

[ | -6 o=

b 20 T 220 * 6 Generat:zd fires
Final Lurps

deject III
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The as receivad sasples were screesed at 53 = & 20 ma

(dry), Frcc the *20 o= raterial. f§he green lurns
were ranually vicked uUo and relected. The -23 &n
screenel fra~ticrn <nsalsc refectad, The 20 m—m

iron ore luz:s were crusiieil o 50 =2 by clcse

circuit crushing and screenel at 0 pn.

ie .30 mr m=terial was fed i a “oukle deck
screen with crernings 23 == and 6 —1 and wel
screened, Che =93 * 20 &= rmaterial vas fel ig the

crusher and the crusher prcicct was fod to the same
double dec: screen. Afiar crushing ard wet screen-
irg the products obtainrd were -23 + 6 mm lus:s,

-6 mm fines and ¢he siires,

"~
ihe rzslts ckiainel on the

1inot 2Jant scale
testing are given in tables VII A0 VIII,

ine over-all results cf -ilct plant testing ir
respect cf Sazple Be. I involvins tae followirg
stezs are civen ‘n tanle v1Il.

1) 2ecoval of -20 mm fracticn cf 207,

14 Pic}:ir.g and rejecting of *2J =m gancue

nleces froezthe *20 o -G,

111) Stage crusaing ¢f *20 £= 2Ch to xinus 27 o

, .

ald wet scresning at 20 =n and 6 mm,

ine over-a'l rosults of otlot olant tasting ir
resoect of saznle Nc. 1l involving tne following
steng are given ir ltacie VILIL,

1) nemoval of -20 rm fraction of HUM,
11) Ficking ani rejecting bf *20 tm ganguie
plecss from the *20 pn aCl.

111) Stage crusning of +20 mm SUK to minus 20 mm
ana wet screening st 20 o and 6 mm,
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%+ Preguet e, 3 sz Oistee
1. Minus 20 c=
Frootion of 30N 1.8 45,18 1.5;
- + G . f °
. qan T bangue o 5.2 9.53 0.93
a d ogresn: ng:
Ny Ay oo
2) yinus 20T &= 58.9  57.50 63.42
\ ) m 94 \ . 4
b) Minus 6 == fines a1 53N F.1
Hea? (Cale) 100.0 53.40 100.00
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1

31, P S Trr S %
. Product Sl o
’ i
Einy ;
' Freeites of zon s 28.03 0.81
2. +20 rr: Gangue of ROM 11.9 0,52 2.3 P
3, Crushing, Was-ing :
ncd s:zggn‘ir'r
a) Fipus 2045 en _
iuzpse . E 55.69 G2.04
M3 m iy
b) a,,’;“:li’;is fines 31.9 51,31 33.81
Head (Calc) 100.0 48,41 100.00




ihe lurcas of Sam-ie No. 4 (-23 * o =) assayed

57.55 re witn weicat recovery 58.5.7 with ‘ron unit
reccvery of 63.42.

[ 4 - —— L3O T { oAl —_—
. "he lurss of saz e S, II (.20 + 6 =) assare?
£0.65.- Te with wzizht rer c2nt of 5+.% and iren
. urit recovery cf 63.ck.:.
. ihe ccrnlete chemical anilysis ¢f the lumasars ac

N
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FaTRCLCGICAL RE7C:T € ECN G2 SAMPLSS 33C3IVE) FRCM
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M4 L] " T e 8w - S e - 3 st
¥pgazcasic Jescr : ke L.zz5 rangel ia size fron

1" to " and were jul°- nard ani cozmiact. Yost of the
Flec2sweTe massi - - tul sife snowed lazinaticns ranging

in thickress fric 7 W ¢ o= Ne saortls contalinesd
irvariatbly Waste -aterial like nmeta ®asic roecks znd 3.H.QG.

ir. additicn to ir: c-a (itneir degori-tionis [iv

* gave cherry-ral strea-. Its

aprarent sgecifi: gravity rans:d from .72 to %.5C.
Mcerpscozie Jas--i28o: The -rincizsl ore mirerals
otser-ed under i e zicr sccre wers hemztite and grethite.

Quartz ccturre? o gingie sinaral, Hezatite, .tethite

R IS
znd cquariz

»
*q{
o
1
N
]
*
b
)
A
%)
‘-
(%Y
=
o]

~ler of a*undance.

dematite was mc2lv ~rintocnystall *ut oceassicnally

scre ¢rystalg wo o ooocerved wnd faw ¢ Lham shiiwed lamellcer

tvinring., ¥ost 7 e Nem3tite wa3 zntedral. fhe collefcx

tandirz was alsc 'Cer.ed though. &t wis notl 50 corzonm.

Goethite was mc:tly =-srohous. It was mostly in the fom
of haphasard ta~is. ‘icethite wvas aszcciated with quartz,
ihe size of the tan!: .arled froz 1XC to 1000 microns.

Quartz was pres~nt -z inif{viiual erystals and al30 as an
aggregate, &Nuar-iz w21 gquite com:on irn goethite as compared
to hezatite., --3 s::e variedi from 5 to 300 microns. The
aggregates of guartz nad a size upto 800 microng,
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Lonciysicr: Tre ircn ore contains hematite ond goethite
@s ore minerals anl quartz and meta basic TOCKs were

present as gungue cinerzls. iematite exhibits lzzellor
tvinning as vell as collofor banding ocCassionally.

SAMILZT I3

. NEpRT C.p- r3s

: inhe lupps were of the size 1" ¢o

5" and vere ha~ ari compect. They vere mostly rassive
and scce shows: la~’natio-s

5 rabging In thicknecs frer 1

to 5wz, Thic saz-le alsc contaire? wvaste raterial like
rele basic roc:s ar i BE.H.y. in additicn to iroh cre vhich
has been d escr.te? ceparat ¥
] Fost of the ir:r c-e was grerish brown in cilcu- am showed
dtll lusture. Its streak wos cherry-red. The a>rarent
specific graviiy ¢! Iron G:e plece: ranged Croc 4,11 tgo

4, 6G.

Licrcseonic Cizrzoiezzz T e samrle rainly

heratile and :-~in.%2 a5 cre riner-1s ald zuarig as gengue
Lo + L4

nel consicderztle

. larellar twin ing .-} few ;2aces Levntite exhitited
colloform ban:i-g. Iis size varie! uato 639 nicrens,

Goethite was roctly cryptsorystalifne. wuast-

..
“vsl W2

v

irvariadly se-n to te assuciated with the Goethite,
suartz was ©c iy ataedral. It occurred as i3tividual
"erystals in hazotite 235 well as i- poethite, Fest of the
Guartz was eccelizta? wits poctnite, siartz 2130 occurred
&s apcregaten. <o e of the secticns of $r2h ore showsd

substantial arcurt of quartz. The size of quartz varied

r.
frer & to 350 zicruns.




Conclisign: 5tie or= sample was hard and massive,
" Fepatite and p.ethize were identifled as ors minerzls

with quartz ar! me%~ basic recis were pressnt as gangue

rinerals. Lla.-ila: twinn'r; ant eclloforr baniing cowld
also be obser.»? - namptite,

DS5CHTIL IS .0 MITAPASIC ROCY AMD B.H.3.
colr the saz les, -azely, sazile I and samsle II in variably

b}
certzired pleraz ¢f zetata e reok 3nd Bud.l. Fetrclegical
hj

3 . - Tim mwd e b i

—=2.2xiziicas Lhe petebazic rock was freviz
green in colc.r. -l was camparatively har? and compact.
1t wes medius rrainei. Its apparent specific rravity
ranced from Z.45 to 2.77.

Fieroscopds ciarasizzg: Under micrescope 1t showed presesce
cf chlcrite, -rroxerns and lagioclase., The thin secticn
showed lct ¢f alterations and signs of nmetanorzhism.
Tazirg into - =sileraticn: ts mineral assenblare, uraliti-

{

t zould aptly betermed as meta-

Yegazocpic Crarantarg: The samsles were greyish trown in
cclour but ccntaired scze whitish tanis of silica, ranging

in thicknsss ‘rcz 1 to 2 o, The :-amplesere cuite ham
ard ccopact. +hey gave cherry red streak,

¥leraseanic -haracters: Its polishied secticn showed
alternate ta-is cf hematile, quartz and goethite ard
guartz,
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Hemetite was major ore cinerel an! was oresent as cryyto-
crystalli-e as weil es in crvstalline fom. The crystallire
hematite was mcsily anhedral. Its si-e ranged from § to
700 microns.

Goethite was mos<ly exoroheiz aniwas acsoclizate] rostly
with quartz.

Quartz was mostlr anhiziral anlits size variedi Tor. § te

25C ricrons.,

Lorcrusior: The 53772 T ars IT contained waste materigl
such as petabazis re~t and £.3.Q. The netabacie rock
u

microsccre. The B.H.{

wes 1dentiflied a: rei-icleri-e I.%.
e

showe? distinct ey - matite, quartiz and
goethite and qua: iz unier the pleroscove,
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and
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Jigging expr ~ime: . were >arriec  at on u low grade irorn
ore sample re.« Vel rom . jonge Ioon Ind: s Limited, t..
determine the t- hini o fealr bility  t upgracing the ore Lo
the required ygr.ie T el % Fe. Test: were carried out  at
different size fr- -t Beesine of vre- heavy nature of iren
mineral hemat ;- dr.stion i jigging machine was
inadequate to co:ile - ratit: stion - ¢ minera. s according to
density. Fartk.: - e mineralog: ral cnaracteristics,
particular!y tl~ r . bHerzt o on of  oiartzite intergrowths,
also restrict t: RS of tie jig o :ocentrat--. The results
are presented =:. ¢y et e detni!




FEASIBIL® 7~ 0> -NEFI "IATION @7 JIGGIN: OF LOW GRADE
[RON [ - A 15 FRi! SECNG: RN ININIA LIMITED

I INTRODUCTION

L]
Experiment- or - - gravity bene!:ciaticn of a low grade
] iron ore sample . - --_ved Trom M/s C:o.nge Irun India Limited
) (SIIL), Hydera:ad w--: carried out. This ir~n ore sample was
found to assay ::.¢ ° Fe. tl. jron v:lues oc~urring mainly as
) hematite. The -inin .~ ircn content Liecification of the iron
o;e for charg:.g .- SIIL's rotarv kiln for production of
sponge iron is »0 % 1) The low wrade irer ore:, therefore,
\ needs to be .pgraind betfore be.ngd processed and, the
beneficiation :is . be dine at ti- coarse:t size possitle
. since rotary ki.: tz.-s in 2nly lum;+ ores, and =t present no
facility exist. z- JiIL £ r pellet:.sing ar.® sintering the
fines. A simple :rc. -iure irvoiving ‘rushing and screening of
the ore follow- . by and-pi - xing of *he "green” gangue pieces
has been report--n s . yied o hem:'ite conentrate assaying
. 55.5 - 57.% . Fe vath o vecovery of 63 %. By a8 suitable
mechanical me: T separstion, 1t shouid therefore GCe
. possibic to irn.rove upon tiw earliecr results, both in terms
of grade of t:ue concentrate and total iron  recovery. With
. this view SIl. reqir:sted the Ore Dressing Section to carry

out studies or upyradaticr. of the ore by jJigging, at a size

a8 coarse as 1ron. onle preferably .n the range 20 = 5 mm.




Experiments we:- “ried 1t oin tr-- Ore Dressing Section
using “Harz” t: - . .rat r- Ji<s z:.:. this report presents

and discusses t: - en: criment il resuiils in Cetail.

II JIGS FOR I+ X «..- BENEF.CIATIOM

. The Jjig . ©o ol the moxl  widely appiled gravity

concentrating c:vicos. Jigging is -he process of scorting
. different miner :c - a t.::d by str:tificavicn., based wupon
. the movement 5@ o t- . LF poarticles w.ich are latermittently

fluidized by t:-: p.. tion @ the 1::1d in = vertical plane.

. The stratifica  .n .:ses jarticles 5 be arranged in layers
with increasins dervity frm tup U sottom. This particle

arrangement 13  levr | oped Ly severa. continucusly varyiag

forces acting M T paviicles ani, is reore related to

' particle ders. 'y ::r mist other graviiy concentrating
devices.

) £ number @ :i:ic-orent types of CidS are avas ztle in the
market. This .:.or." r g Hara  type minersl  jigs  f
different th:o .. A Larn Ly;e minera. Gy ccnsists of

) a rectangular @ o nape: compartient, divided at the top
into two part. 4 <er ocooctilon ant separat lon chamber. The

' eenaration ohar o Tttt e s e Dovin. tank by a
replaceable wi: - me . or Lrapezi. ial bar-: reen  and, has

.

Provisions for !-:d.:. and tailings disposal by overflow. The
Plunger 1is zcot nate. by an ~ecentric, drivern at the top by a
motor. This J1€ acorperates & _rotating water valve

synchronised wi*n 1. dlaphrrgm in < ich a way that water is

introduced int. the 4 on.iy during "he diaphragm up-stroke




or suction stir == b this  arrane--ment rneutralises the

drawing in of ti- bed iring cictiom s

The major x» ierr =»pplications o :igs are essentially in
(a) coel washirng
(b) primary trea -~rn- ¢ aliuvials,
(c) coarse lode * .n >:~ processing,
(d) free metal r- ->very in geld and <ther mills, and

(e) cleaning of : :ud.

In coal wishin: Jigs zre useq L0 proces relatively
coarse particles :ptc sizes 150 - 200 mm (4) . But in the case
of Dbeneficiati.: of '--avy mirerals, :iner sizes are used in
jigs. Ores of wo.'ram -3} osssiterit-:, columbite, tantalite
etc., have beer. . .-cee- _Tully treated i jlgs upto a3 size of o
mm. In all these :ase. the heavy miner:! fruction ~onstitutes

a very small : -rce-.tzge of the ore. The uz«: of Jigs for

W

beneficiation - ir .. ore, in whi-h the heasvy mineral
constitutes the .arg-r fract.on, is : wever rn.:t widespread,
although one @ tw: sporadi: occurreisce of use of jigs for
processing ir: or- 18 reported n Unliied Jtates abd
Canada(3.7) ., A peci:. type of 197, rrnown as Wemoo-Remer jig
is claimed to have beern developed primarily for the treatment
of iron ores. Thic jix has & unique mechanism to keep the bed
mobile and prevents complete closure during the interstitial
trickling phase. A medium stroke and frequency harﬁbnic

motion is superimpo.:d by 4 high frequency short stroke

motion, achieved iy (¢ il eccentrics opoerating in parallel and




linked to th. .t

whole hutch oso. .z-

by a rabber i1 k-

on the Wemco-kKe zer
the rperformanc. -
avaiiable
wnerein Jigs e

except one miji: -

111 SENEFICIA . [ oN
The cre sam: ..

was ::n the 1 -2

Fite: smus-

mparTment by o ivoted _roass-arms.  The
verti cnlly oar: 15 conrecled vo the jig
220 This tab recary, ot having worked

‘0 1® n0b in a casition Lo comment upon

“his L. A ciaretul into the

fugquiry
ntas ot revenl-3 any 1last  practices,

or eaeticiz"ion of rern ore lumps,

dptliica by 5111, welgning about 100 kg

lumps measarins sbout 75 1t 125 mm in

size. Crushine, of .=~ fump was curried ou in Jaw crusher
followed by :. Yo.. YrusLoers ln LT ages S¢ s o minimize
generation of ;[ ine the crished me'--rial wis Loreened into
various size trno ot ions =S reeqaired for differ=nt
experiments, & oW - protecsed in darz” tyiee rineral Jigs,
availabie in -:i2 _Luoratory. Mos' o f the -:xperiments were
carried Sut o A A IR TN AR N YT
3.1 Chnemical -~ : M. -.raleg..;al Charzoterist:os

Chemical nly . of a represe.lative zample gave 1.9 %
Fe and 18.11 ..o, The irom sslues were essentiaily

contributed by :.:ma-

showed the presenc:

fragments

constituents LR A

(greenish

mixe! wi*h hematite-quartzite lumps.

col .ure::

.22, Megascoplic examination of the sampie

of greenish <coloured metabasic rock

The gangue
rocks

discarded arcec the metabasic

pieces: &and the interbanded

gangue:




-quartzite witr: T

the cther (Fi.

pure hematite D r .o

quartz (Figur. -
quartz (quart:. -;
attalnable grz -

particle size.

3.2
From the

material was

Jigs. The fer . nu

feeder assembly

during the Poals

stratification « ¢
completely miss:ig.
feed ore lump:

content of the ‘ee

)

Jigging ~: 1o
- askh.-

Pesrey oo 1

quartz.te. Wh. The tetasla L orook
hematite., the A4 shaw tise
with henztite.
Besides 2 ~ 1.1 vands

megascoupically. m <Rl XA
~microscape has - the : resence
qQuartzite wWit: Tzt in = rore
( Figures t, _ Ay ar Srasc
dissem:ir.ations v - & Frawr
interstitial .- : {fleare  ®

e o, Ty
AP A T PR A D Ferd X et o
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nerar .

rercOvery Ly

Lump::.

23

ore, Loulut 2o

I

o doliee Cnroial.
I* was oboerved t:.
1ca stroke, very

Tl

an. #iso to the prelominant

lergrowel.

b
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st dilation

are et conposite widh

relationsh.y

visibie
the Ore:
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intergrown
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o
-

ure 43 and fine

°S  of  guartzite with
J COor:--3i%e  hematite

(Suneminations Y

relativeiy

Y Lae:

wple disseninations of

& clcoely intergrown

iimit or “ne maximum

sticiar:io: ot @ given

< of -14% + 10 mm  sized
seed in thee  laboratery

nopper  andt vibratory

I the  bed

essential for the

the teed muterial s cording to density, wau

5 Wwas due to Lhe greater welght of the

heavy mineral

¢ Attempls Lo inorease the thrust during




pulsion by mari: :iz°. .- the :ontre: viriable:. like stroke
lengths and fre. 5. ailsc Iziied to (1ft up “he material.
Tests were also ri.oned with warisus jigd o screens  of
different sized  renic o Finzliy by =uitiple passes through
the jig and by ai. wi:. Yor a' lesst o adjustment of the bed
by giving more im- .o the  seporat . .n chamber, slightly
better results wre  tained. waich mre showrn in Figure 9.
The back calculs--d -1 assay of th:s size fraction ( -15 +
10 mm) was fourii ‘o *- 46.8 % Fe. The hutch product assayed
52.56 % Fe, whi ti- ned material sosayed 40.72 4 Fe. The
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I 1.5 than the overall tenor of 51.9 % Fe.




W W WP & hadh ol F - ~ W - i sk ad TIANTL RAIRCTIIL . ihie  rougner
concentrate (C.on Lne autet, ard bed  productsd sonstituted
62.8 % by weigi . = :red 5:.% % Fe :nd containe: 66 % of
iron wvalues. : = LEey Lot oo incisded  in the
concentrate, th.: i b “oe e car ot rend Tu 85 o
by weight, assay- % Feo ocrd Yron istribiciern of 83 %
Compariso:. : v resudtls woth thoeze - f earlier
experiment rev-. T traere L ¥ o margina.  if zny,
improvement. 7: T s e carllor  assuoition that o
better dilati.: 4 Ded vl gl improve ! performance
and, indicates : .- ¢:-:zticn »f a fs - .r other “rarn the poor
performance of . i slaee This f=2 o r | porhaps, 18 the
physical charac: ris:. 'z of *Le ore sample, particslarly the

extent and the e

1nter:-

'yered caartzite bands

and disseminate: ooz grains  ir nematite:,  which wil:
determine whetiio-- it - PCsSiias al 2.1 Lo get thae  required
grade by jigging - o Arser 5lze.

In order - <o i lim tlls obuer. tion, :rirer Jigging
experiments were- car:.ed oul after cLassifyinsg e 10 mm
material into - .r Ze rractiong. camely, U t4.7% mm,
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6.5 Determinuat :on .1 the grind at which these intergrown
quartz can t~ c¢primally liberated, requires detailed
mineralogical =::d -t rographical study, which is beyond the

scope of the pr::ent - tudy.
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