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INTERIM REPORT GN TESTS GN IRON ORE SAMPLES . 
RECEIVED FROM GOVEANHENT Lf NEPAL THRCUGH UNIDO. 

- - - - - - - - - - - - - - - --- ------
1.0 INTRODUCTION 

1.1 United Nations Industrial Development Organisation 

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

Contrect No. 86/33 awarded to Sponge Iron India 

Li•ited (Sii~), the work on teating of tha Iron 

Orea of Nepal for aecertaining their suitability 

fo~ production of Sponge Iron auitable for ateel 

•eking in [lactric Arc furnace. The Contract waa 

awarded in reaponse to the propoeal for undertaking 

such a atudy sub•itted by Sill vida their reference 

No.Sl/RO/E&P/7681/677/57, dated 1•.•.1986. 

1.2 In terma of the contract the acope of work is aa follows: 

(a) Undertake raw material proceaaing, baneficietion, 

agglo•aration, ate. of iron oraa for direct reduction 

teata and of coal a1 the raductant, covering their 

phyaicel, cha•ical and •atallurgical analyaia and 

teat work; 

(b) Carry out direct reductiona ta1t1 for aponga 

production on laboratory acalas 

(c) Compile teat rraulta achieved through tha 

above ••••urea; 

(d) Prepare a dat•Had report on tha work parfoned 

under eub·P•r•gr•ph1 Ce) to (c) above, including 
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a~ anelysia of the technc-econo•ic data/reaulte/ 

reco1111en~eticne for Spor.ge Iron production. 

1.3 Iron Ore aamples of two types froa Phulc-hoki region. 

each of 5000 ~g were received from Departaent of Minee 

and Geology, Government of P~epal for undertaking the 

above teats, at Siil Teat Centre in the second week of 

January, 1987. The physical characterietice of the 

sa•ples and the Petrological atudiea revealed that 

the Oree ftre of Hematite type associated with quartz 

•nd •eta basic rocks as ;eng~e materials. The 

•ize of the ae received samples ranged fro~ 25 ma to 

100 •m. The results of the preliminary ch .. ical 

anelyaia of t,e two ore aamples revealed that the 

Oree are of low grace type enc require beneficietion 

for upgraoation. 

Accordingly, the following progrem~e of teat work 

wee drawn up: 

i) Preliminary inveatig•tiona on Iron Oree of 

Nepal to BB6aa their quality. 

ii) Benaficiation teata on Nepal Iron Ore• to 

improve the quality of the Ore. 

iii) Deter•ination of cha•ical analyeia end 

phyaical propertiee of beneficieted Nepal 

ore •••plea. 

iv) Study of phy1ic•l properties like re•ctivity, 

•ah fusion cherecteri1tice, celorific value, etc., 
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end che•icel anelyai• of the reduct•nt 

used for reduction te•t~. 

v) (onductinq of Laboratory •nd Bench Scale 

Teat• on N"'o•l OrftA ~long with Indian 

non cokin1 coal ee r•ductent, for produr.ticn 

of Sponge Iron. 

2. 0 TE 5T OBJECTIVE.:;, 

2.1 The pri111a objective of tne Laboratory end Bench 

Scale Teats is to determine the auitability of 

Nepal Or"s in co111binet1on with Menuguru Coal of 

S;.ngereni Cnllieri1n, ffJr production of highly 

111etalliaad •Pcl"1qa iron •uitable for eteel 111ekin9 

2. 1. 1 

z .1. 2 

2.1.J 

in Electric Arc F"urn11c.es ((~r). The test• carried 

out end their objecti~e• •ro •u.•ari•ad below. 

To enelyQa the ~epel Iron Ore •••plea che11ic•lly in 

order to determine their suitability with regard to 

re totel, gengue en1 ot'i"'r conatituents. 

To dater-ine the phy•icftl characteriatice viz., 

ecreen analyaie, •hatter and tu•bler index and to 

cerry out Petrological etudy of the, aa received 

ore ••~Ple•, for ••t•bliehing banaficiation llft>rk 

to be undertake~ for up9r•dln9 the or~•. 

Benaficietion of the Nepal iron are •••plea to 

~•prove the iron content and to produce •izad 

ore •••Pl•• for 01rryin9 out furth1r reduction teet•. 
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To dete1111ine the cold •trength or the Nepal iron Oree 

and its reeietance to abreeion, i•pact using the 

ehatter te~t apparatus. 

To deterimine ltte necrepittJt:.on behaviour of the 

Nepal iron oree during reduction, under standard tea! 

condJ. ll.01'1&. 

To deter111ine the detailed che•ical &nalyeis and 

physical properties of the reductant (Indian non­

coking coal} uaed in the reduction teats. 

To carry out Laboratory and Sench Scale Teets 

on Nepal Iron Orea alon~ with Indian non-ccking 

coal (P1anuguru} to produce highly matellieed sponge 

iron. 

J.O TEST MATERIAL 

J.1 Iron Ores: 

Two aa111ples of ~;epal Iron ~ree fro• Phulchoki region 

were received fro• the Depa ::-t:nent of Hines end GeOlogy, 

Government of Nepal, in the size r•n9e of 25 to 100 ~•. 

The qua~tity of each sample is 5000 Kg. nie physical 

characteristics (Screen enalyeia) and chemical enalyaie 

of •• received •••plea •re given et Table• 1 & 2. 

J.2 Reductont (Coal}: 

Inrlian non-coking coal (Henuguru) being uaed in SIIL 

Plant haa been conaidered •• e raductant for the teat 

work. The propartie1 of the Manuguru coal ie preee"t•d 

in Tebh - 3. 
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3.3 Desulphurizer {Limestor.e used): 

•• o 

4 .1 

, 

The Limestore us~d in the 5IIL Plant has bren 

considered as a desulphuriser for the tests. 

The screen anelysi• and chemical analy•ia 

of the Limeetone is gi~en et fable - 4. 

TECH~l(Al REJUIRE~E~T Cf RA~ ~AT[RIALS: 

Iron Cre, Coal a~c ~i•estcne are the basic raw 

•aterials required for the production of Sponge Iron 

in the rotary kiln process based on 100j coal operation. 

As the manufacture of Sponge Iron in rotary kiln is 

eensitive tc the characteristics of the raw •aterials 

with regard to size distributi~n end other chemical 

parameters, bench sc3le testiny forms the first 

essential step in determining tho suitability of 

any ore, coal end limestone combination for the ~roduc­

tion of Sponge Iron suitable for Electric Arc 

furnace steel making. 

4.2 lrcn Ors 

Iron Ore should have as high iron cuntsnt •• possible, 

preferably above 62~ with low gsngue components and low 

levela of impurities such aa sulphur and phosphoru&. 

The requirement of high iron content in ore arieea 

from the needs of the procesa of conversion of 

Sponge Iron into eteel in Electric Arc furnace. 

The higher iron level in the ore give1 rise to higher 

total iron in the product and coneequently higher 
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liquid metel yiel~ in El~ctric Arc Furnaces and ~iniaum 

iron losses ir the •lsg. Lew level of gangue •re 

required es the re i'!il ..,u r1,,.,ov 1 l of gengua in the 

direct reducticn process. further qengua requiree 

adoitione! ~elting po~er end appropriate li•eetone 

additions to re~~ve it as sleg in the steel ••king 

at11qe. Baaed c.n th,, cr ... r'!t1nq e1tperience, total 

gang~e below 6~ would te desirable in the iron ~re 

with silica being lees t~ar. Ji. 
The Sulphur end 

Phosphorus contents ere also of utaoet i•portence 

while selecting the ore9 k~epi,g the specification 

of the et~~ls to be producec in view. 

Suitable precautions ere to be taken for desulphurisa­

tion in the rotary kiln, ee Sponge Iron tends to pick 

up the sulphur fro~ coal i~ the ebsence of desulphuriser. 

Phoephorue level in ore a~e~~ea importance aa the 

Phosphorus in the ore is retained in the Sponge Iron 

without any change during the r~duction process. 

fventhough it is deeireb.i.•? to li•it the Ph.J.1phorue 

below D.06~ in the ore, it haa been obeerved that 

Phosphorus levels could be tolerated upto 0.12~ 

in Sponge Iron. It hee been reported that Phoephorue 

ie in the oxide form in the gangue matrix •nd ie 

abeorbed by the •lag at lower oxidi•ing potential 

and et lower besicities in Electric Arc rurnecee. 
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Apart from the o::heiaica l c~:arac teriotice as above. 

the iron ore hes to s,iti'ify Lertain mini .. um require•ente 

with rsgarc! to physical Atre>1gV1. Shatter, T~bler 

end Abrdsicn in~iceo ~ive u~ in~icetion of the 

Physical Stren~tn. 

Baaed on Bench Scale Test$ o' different ores and 

studies on the ce~repitaticn ~eheviour in the 

Rotary Kiln of t~e SI!L Pla~t, it ie noted that 

Shetter indeA of iron crea ahould not be leae 

then 95~. In additi~n to the phyeicel strength, the 

decrepitaticn beha~iour cf t~e ores durin9 reduction 

is of specific importance fer rotary kiln operetiona 

as the fines g~n~rateo du11nq reduction form low 

melting compounds witk the coal aeh end etick to 

the refractory lining cf t~~ rotary kiln. 

It would ~e desirable to h~ve less than 5 to 7 

percent -1 11111. fi .. an in t· e product. The ore 

should also ~eve ~cLd re~~ciLility with coal 

to be suitable for uee at ~he ~iln operating tempera-

turee. Reducibility ind•~ of the order of 94 to 96 

0 per cent tested at a temperature of 1000 C ie found 

to be optimum to get •etall1eetion level of 90 to 

92 per cent at the kiln operating t8111pereture. 

Reducibility index lower than the above value will 

advueely effect tne tnroug:-iput .r the kiln. 
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ere reac~ivit)", ;·::-cc:.,.,at• -"~l!lysie co•prisi.:i~ of 

fix~d carbon, ea~ a"'::"·~ ::n~l~ 111atter, r;elting 

charect~::-istics ~' ccal ~~~ under reducing 

conc!itio ... •, t"e tr.tal eL!c•"'1:r And the different 

forms of sul..,ttur pr~">er;t. C:J,.la of higher 

reectivit~ ~re ~refer~tle a~ t~•y permit the 

operati1Jn of t:-.P I. i ln ;1t h'wrn· ~el!lper3turee and 

at high thr~ughru• rete9. In general coal 

reactivity anc:uld oe oft..,,, nr•!or of 2.2 cia3 

of CC/q( sec. Tr.e esh in coal •hould be as low 

•• poeaible as it occu~i~s the effective kiln volume 

reducing the space 3vailR~l~ for iron bearing eeteriale. 

The ash content in ccel ce~ te tolerated upto a ~evel 

of 25 per cent fer use :~ rotary kilns end any increoee 

bayon•J this lttve.l will rt!l!uc" the throughµut capacity. 

The vc:atile metter in coele should be of the order 

of JO per cent eo •• to heet the iron ore to the reduc­

tion temperature vithin the shorte1t poe1ible ti••· 

The fixed carbon ehoulc be of the order of •O to 

45 per cont. lhe 111eltintj che1·ecterietic of co•l 

••h is of ut•oet importance while ev•luatin9 co•l• 

for direct reduction application. Ae th• coal 

a1h forma low melting 'c~pounds with 1ponge iron fine1, 

it is ~81i1sble to ha~e auftening point Of coel 11h 
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0 
in excess of 116C C uncer reducing conditions. The 

kiln operating ~empareture in the reduction zone is 

so cncaen that lt is :c.er than the ash softening 

point by t ~C - t so0
c tc ;::inia1iae the formation 

of eccreticns. The s~i~hur c~ntent in the coal. in 

the forta of C!"g&nic enc 1r.L·r9anic co•pounds • also 

•erite Cdreful consiuerati~n. Part of the organic 

aulphur gets .... c..:.atil..i.SeJ in tr.e pre-heating zone of 

the ·iln anc ircreeaea the s~l?hur load in the waste 

gas ayatem. -rgenic su!~hur tends to qet released 

in the reducticn z~ne d!cn~ with the utiliaation of 

carbon end gives rise to sulphur pick up in Sponge 

Iron in the absence of deaulphuriaer. In ahort the 

total sulphur in cosls shvuld be lo•, preferably 

below t~. Huwever, ccala having high percentage of 

fixed carbon li•e anthr~.ite, could elao ba considered 

aa reductent thro1:gh t:lenc!.1.ng with bituminoua or aub-

bituminous ccal so that thn reactivity of tha coal 

blend improves. Alt err.a t.i.vely, euch coal a could 

elao be uaed by M9intaining higher operating 

~ ... paraturee when the reactivity of the coal 

improve•. The related problame of aeh eoftening •nd 

eubeequer.. fueion et hi9her operating t•pereturea 

era ebaent if the eeh content is low. 

'·' Limeatcne 

Limeetone it u11d in t~e prcce11 •• • deeulphurizer 

•• th" coal L>eed for t•Hf11c-tion contolne eulphur. 

Limestone cunteinin9 es average of 45 per cent 
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CeO he• bee~ ob•erve~ tc ba aje~~•te for thi• require•ent. 

The •ize di~tri~~t1on o' ~i~~•ta~e also needs to ce 

con•idered es it :s observe~ that the deeulphuri•ing 

ebility of finely Qrenul•l•d li•e•to~• i• very good. 

The •ize range cf to ~ ~, is found to be very 

effective in rotar1 ~il~s. 

BENEfICIATIO~ or Qq[S: 

Preli•inary Teets on the Iro~ Oree fro~ Neeel: 

The Preli•inery che•ical ene~yais carried out on the 

•• received ore •11111ples indicated thet both the oree 

era of a relativel) low gr~de with average total re 

content or 52.80( and 46.C1( in semple-1 and e11111ple-2 

reapectively. The total ga"gue content in the two 

ore aamplea are of the ordpr 17.S°' end 23.4~ 

reepectivaly. As it ie ••~n f~o~ the che•icel enely•i• 

of the ore• the Silica end Al~~iniuia content ia •• high 

•• 17.5 to z~ fro• w~ich it could be infered that the 

ore• •hould be beneficiated for eli~inating or •ini•ieing 

the 9en9ue portion. 

The •iz~wiee ch~•icel "'1el~ais of •• received ore 

•••Plea indicates that -25 •• f rection we• bearing 

low ir~n content •• c~•Pered to +25 •• f~•ction. 

Aleo it wee ob•~rved that ore •••Pl• we~ heving 

•o•e co~t••inenta {Green Piecea) with very low 
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iron content. of the a:-.; er 1 ~ to t 5 per cent and 

which could c~ .. ~ontifie~ physically and seperated. 

Such ;.n~.:.ue11.n·. ,,u:.: ~·r- ~e·p:eqated during mining 

s.1.J The Fetrolc~i:el st~~ier, ~~ t~e ore ~•~plea ahow• 

that rie~9t1te ~n. Gcet~l~ were the ~ain ircn ore 

111ir.arals w"'ile t..-'&rt z 11r·! lT'et11 baaic rock• ware 

preeen~ as ~engue meter1al6 in both the eamplea. 

Eesec on this creli~ina:-y study, benaficiation 

process for imprcving t~~ iron content wee drawn up. 

5.2.6 
... 
L. • '.[P~L CR('..i: 

~. 2 .1 

in the i.;on ore aorn;clP~· cf ~epal wfta conducted et 

Researcl-i end :ieve:c; "'""t Let.eiratoriea of National 

Mineral :Jevelo~111er: t Le r~ oration ( NHOC), Hyderabad. 

Tna testl wer~ eime~ t~ estatliah the feasibility 

to proauce h1sh 11on 1.ontent of celibreted product 

H• the size ran;e of 6 to 20 111:n, which ia the noI'!lal 

feed size of ore for spcr.ge iron production by the 

Rotary Kiln procee9. Keeping this in view a flow 

•heel w~I develop•d for carrying out b•neficiation 

5.2.2 
Two 9.implcs of' I ran Cir!'! received from Nepal 111erked 



undertaking the bennficiati0~ testa. Petrolcgicel 

exa•inat)on anc study of ~t-e sL:ewise chemical 

analysi11 waa ccnduc: to.: en tr1e c tft ae .. plaa. On 

the basis of auch preliminary studies the benericia-

tion testa were c:er:ied o~t. i~e detailed report on 

the benefici~tion tests ie qiven at Annexure-I. The 

benefici~tion tests have enc~n that t~e iron content 

of the ores could be i•proved fro~ 53.4~ to 56.14~ 

and 48.41S to 5J.99S for Semple-1 •nd Se•ple-2 

respectively. The benefic:i8tion teats were carried 

out in bench ac:ale end pilot pl~nt ecele levels. The 

results of the beneficiatiGn tes~s are eunt•arieed 

below: 

f'a(T) S 
in the ea 
received 
•••plea 

Size of 
producte 
after 
baneficiation-11111 

fe(t) in the 
beneficietad 
product ~ 

Weight 
recovery ~ 

Iron Unit 
recovery 

At Bench Scdle 
Teat level. 
----------------

SJ. 40 46 .41 

6 to 20 6 to 20 

56.52 54. 22 

68.50 

72.07 73.51 

At Pilot Plent 
Scele Teet level. 
-----------------
Sa•ple-1 Sample-2 

53.40 48. 41 

6 to 20 6 to 20 

57.50 55.69 

58.90 

63.42 
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f'• CT1 

: 1 : 

'l~ .J cone~' te.: on l\lepal Oree by 

wet ji9:in·_1 ~ .. er:t: .. m. •er these stu·;i~s, the two 

sam. le~ of er i.! r r• "t ,. ~ · : r:.•::: Nepal "''!Te b J. "nu P•t in equsl 

proportion ~ri.: "":·,.~t,,.·•f"I ts -.ere ccn-!urteJ on coapoaite 

s;rn,;::-l~s. The main or]<:' t•·· e cf thJ.s benefiriation tests 

the iron ,-_!ft~nt ;,r; t .... ) ~rf!. Herz type of jiqe were used 

~~~ ~i99ing te~ts were con ·ucted at 

e recognisec: no ::.ne r<: .i. cr~·~s ing anr'. Denefit:ation laboratory 

Of the uOwt:"fOl!lP"\t Of rn i,J, ·!S Buch beneficiation facility 

of jiggin; wee c.ct e-.''H!~·,J,. with SIIL. The detailed 

Ann·~l<u::-e - II. from t•t< Jl~~inq tests ccm:::ucted on 

dif• erent !U ~e '"r "~ l"n~ ·Jf t: e ore Sll!lllple, it is eete-

blished th.1t t;,e tot.J.i. ::.:-en content in the ore has not 

~-:~';;rec: to the results obtained 

from the ::revi:n.:"' tr::· 

""~sl"in~ c.::n.;...· te;- ;i'; '. i:i na.:. M.Lner"l Developm,.nt lorpo-

r"ti\jn. hyder<';.;";,;· ~ .. ::;ur~1 ~he jigging operetiun ia 

co11si:fered not suit~. l-; ;·.i~·ticuJ.arly on account of high 

density of ~"'° ore. 

The results of t~~ benefiridtion atudies by Jigging 

open,t.ion '•rP 11ummer1·.•·· 1•,.low: 

Lomporiit 
ore aar~;,i;­

ae fe•! '!O 

the j.Lq 

51 • 9 

-1 'l -1 ·; 

+f 0 r.-.:", + l. • ·1'1111 

- --· -·- --
5 ..... 06 '1 I. :;,U 

1 7. 'l 7 I ·1. u7 

BE~EflLIATED PR~oucr 

-10.0 
+4. 75111• 

55 .l5 

14.40 

53.00 

•• 91 
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6.1.0 

6.1.2 

6.1.J 

LABORATQRY A~D ~E~CH SCA~( TESTS ON NEPAL GRES 

Chf!ic•l •nalysie of Ore Seeples: 

The Beneficiated Iron Ore sampl~• of ~•P•l were 

enalyaed for the conatituents such •• fe (Total). 

feC. SiD2 • Al2D3• CeO, MgG. Sulphur end Phoaphorue. 

The results of the che•ical enalyeia of two benafici•ted 

;re •••plea used for further testing (reduction teata) 

•re given in Table-5. 

ft ( Tot•lJ: 

The che•ical anely~ie of t•o ore •••ple9 ahowa that the 

total Iron cuntent ie ~B.64~ in Se•ple-1 end 57.801 in 

Sample-2. The Iron content ia •till coneidered to be 

low •• co•pareo to normally occuring ore• suitable 

for aponge iron procuction. Low Iron content in 

the ore tend• to lower re (total) in Spong~ I~n. 

In view of the lower fa content in the apong• iror., 

the liquid •etal yield wa~ld be lower as co•p•~ed 

to the yield when scrap or sponge iron with high 

tot•l fa ••nufactured fro~ better grade area •re u•ed. 

Gansue: 

The g•ngue content in the twc ore •••plea i• about 15.79S 

•nd 16.84~ in •••ple-1 and ea•ple-2 raepectivaly. The 

gengue could be eeparetad during ateel ••king etage ea elag. 

l•puritiee: 

Th• i•puritiea normally preeent in the Iron Oree ar• 

eulphur •nd phoephoru1. Ae can be •••n fro• the ch .. ic•l 



6.2.0 

6.2.1 

6.2.2 

6.2.J 

enelyeie b..>th ~...,e \e;r ! [ _·e& ccntain le" phosphorca 

iron maki~g. Special ste~r c~~ be produced fro• 

both the l,jres due to low Sul~hur and Phoephorue in the 

eponge iron. 

Phytical Tests o,, ttie t re" Ores: 

The physical teats li~e t~e Shetter teet an~ the TU111bler 

teat detertmine the cold stren·;th of the •aterial for their 

reaistance to abr8sio~, i~~Act nandlin9• The Shetter, 

Tumbler end the a~reai~n i-~ices give an indication of 

probable extent or fine3 l~krly to be generated during the 

reduction procea~ in t~e ~~:n and while handling the product. 

Theee testa have been carri~c out ae per rel~vant atandarde 

IS: 9763-1981 and IS: b4';5-P72 respectively. The reeulta 

cf the shatter teata anc tu~bler taste ere shown in. 

the Table-6. 

Shatter Index: 

The Shetter Index of both t~.e Neoal Cre sa111ples ie 

97.ooi. The teet results in~icate that the ore• 

can wit~etend very w•ll to noI'lllal handling •nd euch high 

•h•tter index indiceted that the Oree •re euit•ble for 

direct reduction ~roceae uein9 rotary kiln technology. 

Tuabler Index s 

The Tu•bler Ind•x of the Cre ••rnple1 i• ab1•rved ta be 

9t.JOS for e.,.ple-1 end eq.70( for e••Pl•-2. The t•et 

result• indicate that the two oree could be cl•eeified •• 



hard end denee and cons ic:!!rec tr L.e suitable f'or the 

Direct Reducticn process ~sin~ rotary kiln technology. 

Abraeion Inda-.: 

The ~brasic~ ir.dex of th- :w~ ore ae•ples ere 

4.70~ and 7.59( for &amp~e-1 and ssmple-2 

respectively. The e~raaion ir.aex of both the 

area •re well within the dcceptable li•its for 

6.2.5 Bulk DeneiU,: 

The bulk density of t~e t~c ore eaaplee ia 2.13 

J 
end 2.06 tone/M for seo~le-1 end sample-2 

respectively. The b~l~ cer.sity is less compare~ 

to normally occurring ire~ ~res whic~ could be en 

account of' low iron ccnte,t. 

6.J.O Properties cf Red~cta~t use~ lHanuguru, Singareni 

Coal - India): 

6. 3 .1 

The proximate analy~i& cf thr LOB! eamplas for 

the determination cf fi-.ed c~=bon, volatile ••tter 

and aeh wee carried out •• per the procedure outlined 

in Indian Standard! 15: 1~5~ (Pert-I) 1969. The 

•verage results of the en~lyeis carried out are 

preeented in thl'I Tr.t:le-3. 

from the Tet.J e it could t:e seen that the va.letile 

••tter i• 24.14i, fixed carbon ie 46,02~ •nd ••h ie 29.0.~. 



6.J.2 Sulphur Cor: t er ~ : 

The sulphur ccnter.t o~ ~--coal ie one of the 

i•portant characteristics •er t~e evaluation of 

euita~ility of t~e co~! tc te ueed ea recuctant 

for direct reduction cf iror. ores. The eulphur 

in coal is norrr.ally ccrnrcs~i'.'. of inorganic/pyritic 

eulphur, sulp~ate sulp~ur ar.c organic sulphur. 

The presence of or~snic s~lphur contributes 

to the su!ph~r ~ickup in ~~P sponge iron in the 

absence of de~~l~hur15er. T~e total sulphur in 

the ccal aampie ~Js aralys=~ by gravimetric method 

as per procedurr. ~utlir~: ir. th~ Indian Standard 

IS: 1:?5C (Part-:'IJ t?•: .• ~he different foX'lfta Of the 

sulphur in Manuquru Lo~l ~"re also analysed and 

the results of t~eae ch~~1cal enalyaie ere 

preaented in the Ta~le-]. The tatel eulphur in the co•l 

wee 1. 05 Per cent. \iii ~h t•:e r rganic eulphur of the 

order of 0.58 Par can~, it co~ld be obeerved that 

the •"'lpl"lur content in epon ;e iron Gould be controlled 

wall below acceptable limit with ueege of llllaetone 

(Bleat Furnace grade) •• deeulphurieer. 

The average gross calorific value of the Henuguru coal 

eample wee obeerved to Le of the ord•r of 5000 kcal/Kg 

which ie considered optimi..n for the •pacified p• rpa•e. 

Tl"le calorific v.1lue of the reductent ..,., detel9ined in 

en •diabetic Bomb Celori~eter. 



6.J.J 

6.J.4 

l • 8 

Chemical Analysis of the ccsl ~s~ 

The chrmical com;c!"itic..r: :;f ~·,~ cc.al aeh influence 

Higher concentret10~ of Silica ~~~ alumina are 

However. higher ccncentreti~r cf t~e iron oxides 

in the ash lowers tr-.1" scfte,-.in·; ; cint conaiderebly. 

The analysis of the CJAl ash fc1 the determination 

results are tab~leted in t~e TRhle-J. The results 

of the chemical analysis of tt.a coal e•h indicate that 

the eeh ie acidic in neturt!' anc' r-redo11inately of Silica 

with a value of morl"t~an 50~. 

Heiting Characto;.;.s tics :>f t•e coal ash 

In the rotary kiln process the kiln ie to be operated 

0 
at a temperature of 1050 C to get the desired degree of 

reduction and this requ!res coals with relatively higher eeh 

softening temperatuce~ of the order of 100 - 150°( 

above the kiln operating temparoturea. The melting 

cheracteri9tics cf the coal ash is detertitined in 

a LEITZ HEATING MICR~SCOPE end the point1 of important 

observation are the eoftening or the initial deformation 

point, the Melting or hemispherical point and the flow 

point. The behaviour of H~nu9uru eoel we• found to ~e 

extremely 9ood and the in1ti;•l sc.1 tening point itself 

D 
••• obeerved to be 1200 (. It u felt that thi1 

could be attribute~ to lower concentration of aulp•te 



6.J.5 

6.4.0 

6. 4 .1 

! . 

sulphur in the coal ash. The test results of the 

meiting Dehdvicur cf the coel ash ere indicated 

in the Tetle .. J. 

React1~:t> of t~e coel refers to the amount and 

the retee of carton m··"oxi·~e '.;e...,eratic;n t•1rough the 

well knc"'n Eoudourc rPl'ICtion. This is an important 

factor in rntarv kiln ope=~ticn since the 9enerati~n of 

carbon moncxice r~quired 'er t~e recucticn cf iron 

ore ia for.med in situ enc :..s !! function of the 

temperature in the kiln. n-11! reactivity of the coal is 

The test reeul ts 

cerrierl out on M3nu1uru c~~: ~~dicate the renctivity 

es 2.07 cc of carrcr> moric,·i.·~ :-e!" c;ram cf carbon 

Per second. 

gd:.Jcibility and ~lecre['itetic.,-. Tests at Laboratory 

~cttle Level 

Reducioility tcsta e=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 

commsrcial operation. In the Laboratory rotary furnace 

and Short Rotary Kiln reduction tests operating conditions 

of the rotary kiln Are simulated. The test results 

determine the Reducibility nnci LJecrepitstion Index of the 

ore bseec on wnich thesuit~hility of the particul1r 

combination cf iron ore 11n;: coal for ua in rotary kiln1 

could be determined. 



6.4.3 

Tha reduci~ili ty t ~s ts •e: ~ c ~nducted ii'l en electrically 

heat .. .: .La;cr!I!==:, :-·: -. :·~ .- _;:-- :e a~ a r!tduction 

tc1:1;ierdture C'f tCOo-c_ ~: :r,e: ~" U1c c.:ll::paritive stc,,1y 

Cf Berich ana rerr:::i:-tstretiC'~ Sc3!e TF:3ts on i.;nc..,n iron 

SIIL. A brief outline cf :he test conditions is 

enclosed et Annexc,,re-IiJ. 

The Laboratory fiotdry furn,.,~ t.-st results on the 

Nepsl Ore eampl ea in CO'!lbin3 t icn with Mnnuguru cc~l 
are presented i'l Td~;le-7 t. £;. 

Th de ree Of metallisation !Inc reducibilit index 

The degree cf met<Jlli:;,.!t!on an,: reducibility index cf 

Nenal Ore samples -ere fcur:;; tc be Ba. 78% and 92.1 J~ 

respectively for Sdmt:-Ie-t ,-,,,,! '.1r s"mplit-2 they "'ere 

a J. 2 8 ~ il n cJ e e. 2 ~ %. 
Tl-ie ruul :,, ir'ldicate that both ths 

ora aemplea have satisfactory reducible Properties 

end are reducible with Manuguru Coal. 

Dpcr1pitotion bphayicur cf oree 

lhe decrepihtion be,,eviour of Nepal ores vith r'Sgard to 

generation of -1mm fineA for both the ores ie lee1 then 

5~. The generation of -Jrnm for ore eampl1-1 ie t 0.49~ 

•nd for Or• Semple-2 it i1 tD.06~. The decr1pitetion 

beh1viour of both the orea io vary good co•pared to 

the various other cr"e ~ofur testea by SIIL. 



6.4.S 

6.4.6 

.. 
!tre be,;, rg us ec ~·:,. 

. r 
J 

o! ~e.·~l Lre sample-1 and 

r :cc.ii irr:n ores which 

f".1 r-r.;ular ;;la:'lt cperetiona 

l1. ~cce~:teo.:.e limits. 

.-reser.te:l i" ta:.:.ie--, s .r.: .. !; :-: •. t -SllTll fraction 

he• achievec hi·;· e: -~t'l •. ~.;.,t1:::n ..;n compared to 

6.5 :JHi...RT Rd~RY II.IL.'. Tl'.JTj: 

6. 5.1 The short rotar~ kiln i~ nr i! firad furnac~ lined 

with high alumina r'!fr;ict•,ry ::ri.:ks and is designed 

for batch oper~ti~r. o':C ':..::rt!ce is equipped with 8 

cherrp"l·J rJ::>or and >1 ••.m, l in·_; ;: ,rt through which samples 

It ie also equipped 

wit~ en oil ourner ~nose f~~~~ is of horse ehoe shape 

pessin1 over the m •• te:::ia: betl inside the furnace. 

In view of this the actuu! conditions prevailing 

inside a commercial Kiln c~n be simulated precisely 

i.e., reducing materi!l r;ed and CJ>o.idizing free board 

gases. The waste gr1srrn ;13·1~ t:1rough the exhauet duct 

The rate nf 

flow of waete goseo a~c t•1e dln pre1sure1 ere controlled 

by the damper pr~.ided in th" waste 'J81 line. The 

samples drawn et def1nit~ intervnle •re cooled in inert 



• 

6.5.2 

6.5.3 

6. s·.• 

The test ccnditic•1~ • t;•: t 

~iver. at An~exure -

are presenteu in Tet1:~ ~'-~ •. ~· In these tH!:>les. 

Nepal Cres end Manuquru rcftl a~~ t-- :r~insize 

fractions are indicat~rl. r,,e c"e::-.ic3.:. anelysi:s 

of the 9i!'l';:lles drewn ~t -·"r:c._,., i,.,t,.r• ... 11ls hevc been analysed 

for fe {tctel), fe-met~.:..:.1c, ~~tall~netion. Cerbcn and 

Sulphur. fixed carbon ir non ~~~r~tics are also a--:yeed. 

As Cdn be seen from t!:e resu.!.t!! ~ '" reducibility 

be~1aviour of ~Jepal Iron l r1':-1 ... ,:. : :.•und to be 

satisfactory in combination ~ith Hu~~guru coal as 

re due ta"lt. 

hour after loading has irdiceteo n metallisation value 

of the order U 71. for btith ore se:nµle!"I. Short Rotary 

Kiln test results elao confir111e1! the similarity in 

the :uducibility behavioui of t:1eore samples as 

indicated in the Laboratory Rotary furnace Tests. 

The decrepitation behcJviuur of t•1e Jre sampl• wee 

observed to be more or l~es sem~ os indicated in the 

laboratory Rotary rurn~c~ Test~. The -tmm fine• 

generation was obRerved to br. ?.BS( ond the 1 to 3 mm 

finea generation wllB observr?O t:::. tir. 7. 32~. T~• total -3 mm 
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5 7. e o~ cf r I'! 

".:... . -·I I .... --

bnnrfil ic• .~ ... :~! !9 

. _ rr· ·it;.·~~ \..;:'1 • On ac:.- .unt Of 

it :;.ir..~ 

.; . r 

1.1 • 

m- tr-.od is ,,J·· r. 

--. • • r 

,~e..- C>I t!.is c:on:!uct.ing 

of o~erat,or• •. ,. f ::rJ"l r>r <.no"' 1 rs ;~cint 

.. . t 

i'":~ I t ' be:--,: '. A, °t • 

1.1 • .: Beneficat1ur r,y ·1:-in :r.,, ·J"'~ pelletiz<ttion for such low 

grode hem~titi~ ~res wC~- in~olv~ deployment of 

g1il'l·.llr:: tc <1 vu, rin .. -..i ·r frart1on ilnci eulijecting 

,.,. ~r.·.i :.y ma.~net1c sepbr.Jtion. 

euch a ~·ref ~150, in ..... ! 

hi Jl·~r opt! r t n:; r o .. ·' with vr x·v low yields of the 

or4er /C-25~ only. p,.._'I • "'·~·nique woulc: •ekr the overall 
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~ 

I • • i r 

,. : ..... i'. 

·.~.in '.ti··· .:~h 50fteninc; 
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~he t (, ~ ) ! r I!' r) .. ,, r.m ;t: 1~·on i•, 1.f the 

l} ~ '• r 0 .. .., 
I 

y .. 
I )0 •.u .. ~ . ·~11'• r it l. 11 ie i y 1 o .. er then 

•.t1 I• o• '1. :>n r' l ~ "i iron OP!·i w.i tr. fe 
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'• 

content above 62~. ..hi 11'! ~!'-~ :o:•cn:;e iron producerl 

f:w:-o• Nepa! Orel' ..... SL~'"! ~cu.:;: :.r r:cnaidere·I 9uitable 

for steel aal<ing. on acr:-:11rt of higher gan-;ue inherent 

in the or~s the yiel•: in !lteel rr.ai<ing woulc! tend to be 

co•paritively l°"'er. Ir: ·1i~w cf t~i9 and on account 

of very low levels of 5ulohur en!l Fhosphoru:s and 9p.onge 

iron fro• Nepal or"a cculr: be consi•lered .1E a blen.:: with 

noraal scrap for procucin~ quality ete~ls. Cn account of 

low Sulphur an,; Phosp"':orus le"'els an'1 the knawn che•iatxy 

on the spon·;e iron a bl ··nd i.n the oroer of 20 to Joi 

would give opti•uia results i.n t.be ateel making procesa. 

Such proportion of bl~nc would not have •uch adverse 

effect on the yield. 

Alternatively the s;.:on;e iron procuced could be con­

sidered for s~elting in d special Sub•er~ed Arc furn•c• 

for production of low phosphorus, low sulphur high 

;r~de Pi~ Iron. Sme~tinq of sue~ sponge iron in sub­

iaer:ied :ire furn.l\ca wou.!.r! be c.cnsicarably easier es 

coiapared to lror. Ore. ln view of the feet that the 

.. terial for s~elting is pre-reduced, the power con­

suaption would be •uch lower and econo•ice for pro­

duction of Pi9 Iron by e•elting in Sub•erged Arc rurnace 

eppeer to be e•tre•ely fevourebla. 



1.2 •• 

• 

Taking note of the a~o~e it C3n te concluded that a 

32,000 to 4a,occ tcnr.~s ~er ~nr.~~ S~onge Iron Plant 

usin-J benefici.!tt.,.~ Lt.:•fl I re-"' Cr""B of NepP.l io co­

bination with lndi3n ncn-cokin;, c=~l3 could be esta­

blished in Nepal. The S~cn~e I•~~ cf comperitively 

lo-er grace (on acco~nt cf l~~ :e i~ Iron Gr~} thus 

produce·:i could bp effective!;;; :..:·.;~c in co111binntion 

with scrap to an extent of 20S to Joi for melting in 

any or the existing El~ctric Arc fura~ces in Nepal 

However, taking note af ~he cif?i~ult availability of 

•crap in Nepal, it is consi~ere~ desirable to set up 

a Sub•erged Arc furanca fecilit.:; -1esigned for s•alting 

sponge iron for pro~urtion of low phosphorus, low 

sulphur pig iron. The 5ub•er•j~d Arc furance f.-- J.ity 

could be of a capacity of nbout 6 Mw capable of pro­

ducing 30,000 to JS,C~D tonne• of hot •etal. On succas•­

ful i•;>lemantation of the .1bnvt1 ~ch,,•e furt:lar develop-

111ent coulrl be considnred by • .,ttin'J up" steel •eking 

facility coneiating of a Mrif Con·.rertor with continuou• 

ceeting and rolling ~ill facilities. 
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CHEMICAL ANALYSIS or D£SULPHURIZING (LIM[STON[) 

USED IN THE TEST VORIC 

'• (T) • O. B• 
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CeO • ·U.76 

M90 I 0.28 

LOI 39.~6 
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PHYSICAL PROft.RTll 5 or IRON ORI. SAJllPLlS 

SHA TTlR TlST1 

Shetter Index 

TUteUX TlST1 

Tu•bler Inde:. 

Abraeion I nde:. 

BULK DlNSIJ.!.i 

3 
Tona/H 

Se•ple - 1 
f; 

97.0 

91.30 

4. 70 

2.13 

~le - 2 
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§.Ul-IHARY Of L A!WH AT UR Y IWT A RJ.....f.QB_:_;_A_C_; __ Tl 5.LJi_l _~_UL f S 

Ore : ~ PN- ORl Rcductnnt: H.nuguru Coal :~.t··.~·,;ct.:. n 7, .... _, :~:: ;'
1c 

,., 1 t. • "t l. Hi T .i ~-. r· - J h r :i 
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Table - I 

SUMMARY OF LABORATORY ROTARY flJ..RN6Cl TLSI Ai.SUL.TS 

Ore: ti.PAL ORl 

s .. ple - 2 

Rct!uctent; MenY~un1 Coal Reduc:ti .:in Tt>rn::-1 OJi/
1 <: Hctlntion Time - 3 hrs. 

C/re • a.so 

l:le;>. 

t.:o • 
H:talinn- R.l. 

D~crepit~tion Behaviour ~ P::-,c:r::;o uegrt?dation In~~)C ~ 

tion ~ -1~~ 
_i; --·-----· ----- .: .... .ide fcrd Rt' c1uct a~"; -3~~ -5:-i~ 

·----------·----··-- -~· - ----------·-------

1 • 83.28 ee.26 3. 71 10 .06 15. 72 18.55 44. 71 
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GRAIN SlZlWISl CHlHICAL AIALYSIS Of LABORATORY ROTARY fUANACl ltSTS 

MAGt&. TIC PRODUCT 
---------------------------------------------------------·----------------------------------·--

Size Ref'ge 
" .•. 

Fe ( T) 

Semple - 1 • 
fe ( M) Mlt. 

Semple • 2 

• 
Fe ( T) re ( M) Miit. 

----------------~-------------------------------------------------------------------------------

+15 - 20 - - - 71 • 16 57 .eo IJ0.55 

+10 - 1 s 77.07 61. 30 a 1. 32 72.61 64. 5, 71. 76 

+ 5 - 10 77 .07 68.97 B 9 .4 9 7 3., 6 66. 74 91 • 22 

+ 3 - 5 76.51 70 .6 5 92. 34 76. 51 69.25 90.52 

+ 1 - 3 a 0.14 73 .44 511 .64 78. 75 71 • 2, 90.42 

1 84.61 76.70 90 .65 81. 54 69. 53 a s.21 

-----------~----------·-----------------------------------------------~--------------------------

Canetituent 

Valetil1:1 Metter 
Aah 
f' i~•d Carbon 
Fe (T) 

NON-MAGNETIC PRODUCT 

Seftlple - 1 
~ 

15.0o 
59 .so 
34 .so 
6.56 

Sample - 2 • 11 • C"O 
58,00 
31. DO 

6.98 



~c :-ee'\ 

l:llft 

+ 15 

+ 1 ~ 

+ !:I 

• s 
, 

+ . 
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• • • • 
·T-BLE • JO 

:iHCi'fT lOT4~Y' KILrJ T!:ST '1£j'JhfS 

Qq£a NEPl\L o~e: SN1Plt - ' 

~EDUCTANT I MOJUGuqu CO•I. 

.~C'l££~ -~'L'rSI .i .t1p jH'T' ~ 

Proliucta reed P.:eterie 1 
Ore Coal Ma-;c. S, .\lo, ~on-fo! eqc. 

7. oo 
1 • 

57,75 .?5,95 ~1.30 15,36 2. 
22,75 lB,JJ Zl, JS , 4. ls 3, 
1 ., en 3 D, 66 ... .... _ 

29.36 1 :, e1 

- 14,CS I:>. e2 lC, 32 

7.) z : 3. j :.! 

2. es ... ~ 9 

ilf::>UCTIO'l TEMP,. uo0 c 
cir. • o,sc 

t-;pqCAL o\'H.b!_)I j OF' ·~"li'l;T!C P1unup ' 
J11rnp le 

Ile fe l''Jn C 11 

11ftr1: Z liria. 

llf'ter i ~ ra, 

after ~ 1i: s • 

r a c t l r e c "' J 

78,JJ 5 ~. tJ 

62 • .l 2 ~ 8, 6~ 

f!S,6G 7~.20 

Met c. s. 

"5,5r. ~., 4 o.01a 
CJ,36 0,, s 0,C16 

~7. 7 !! 0. 1lJ 0,016 

'0 c I in 
~O,,•Mal,!C', 

46,01) 

36,7J 

2Z, 51 
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I ABLE • t t 

SHORT ~OT~~y KILN TEST ,E~ULTS 

Qq!:i NE?o\L O~:: ;i .\~PL~ - 2 
q:;nucrA:~Ta M1VH.1 17iu~u CO~L 

3C~Z£~ 4~\L''~l;i ~E'JG•H "\ 

Cre 
F"e.,1 Materi.tl Pro.11.1cts 

-------------------- ------------------Coal 

c. "< -... -
s~.s2 '5, OQ 

1 .... <S- .: J :.1.CC 

~ ~ ' ~ ~ J' ,. -... " ·~ ..... 

... 1.2.0C 

... 

M.19c., 

C.23 

2J,3~ 

..., ... ~ ,,. .... ' .. 

~.:. J .. 

16. 03 

6. Ji) 

2.1J 

·~:: l'I •~ '1 'JC, 

' ' • .i ~ 

1 I , j S 

) 
Lo ••• - • 

1~.J1 

J 'J. e J 

fj. 7: 

tlEOUCTir.'J TEMP. '.IJ)ti.:0 c 
C/F1 • a.so 

.&.•1 E ~IC.\ b .\ ·~ '~ Y ,iJ :; '.J" P f,J !) iJ;; T fo. 

3, l\'o, Sample re Ct) r., (mJ ~"t 

1 • cl ft~~ ? •·rs. 76. 3 •l ~ f,. 7 ·' 7 4 I ~If~ 
., 

tft rt., · ' M T"J, !I[). 1'5 ~!i,24 31 • 1 '1 
... 
., 

·",. t ·1 ~ ,: ,\ :'" J. ri <J. 7J 7 :i • rq P. 7. ! .! 
... 

.. ... . 
r • t:: 

r.. , 6 

:·. 1 ti 

~ . 

c. 017 

0. 0 '~ 

r. c, 'i 

F', C. in 
No,,-m .l tJC:, 

4 j. e7 

'.? ~l, Ii 9 

l':,7~ 
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1. 

-· 

1t.1 

r ". 
6. 

7. 

l 

!r.t!"od':lct1c:: 

~jective 

~ha.rescte::-istics Of t.'te Sa!::ple 

:etrclo(!.cal stu1ies 

;G.tch JcG.'.:..e testir.g ldr:.r basis} 

Co~clusior.s 

fet:-c.locical stu11es 

_' ______ _ 

.. 

1 

1 

1 

2 

2 

5 

5 
'iO 

16 
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-------- ---- - --------------

iii st. 

Fe 

Lti 

,_. r."\ 
••t;v 

f 

•.r.o . 

ABBP. EV l AT! ON.i 

Caic:!.ua: Gx11e 

~1str1butio:; 

Ircr. 

Loss on it;r.ition 

C?1ll 1::ie t re 

?-·=-~•ga!'le s e 

i·'..arnesiW!: C--1de 

~~at!cnal :-:1~1cr:tl De ·elo:x:ie~ t Cor:10.:·~­
t10~ Lmi t~d 

?ercenta~c 

&os:>hon:s 

~esearch an1 J~~elc::cent 

.;ilica 

.iul~hur 

~eight ?ercentgge 

--!th res;>ect to or!gir.31 

.. 
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BEl~EFlClA?ICN CF LOW GRADS IilC!i ca:: SA!!PL&.> P.~-:zr1m 

Fa~ M/.3. 5?C!IGE BOB I!DIA LL'!lTjD 

1 • I:uR<DUCTICH 

-~. 

Tvc lov grade ircn ore san~les or quantttles, 
5313ple Ne. I-2.5 ton~es a~i Sac~e No. II-J.5 

tmr.es were received fro~ the .;;;>onge lro~ India 
Ltd. fer ccr.d~cting ~e~ef!c13t1on stu1!es. 

lhe =axiI:t:e size of the lu::~s was upto 1CO m. 

.ipcnge I:-o!? :r.dia L tel desire:! :.1-:x: tc conduct 

benefici~tlon of these sa:?~les suitably to ?IOduce 
cir.us 20•6 111:1 lum?s. 

~CC?~ tr ;iCRK 3 • 

l~e scope cf work ro~ te~efic!ating these s~;lles 
1r.vc!ved. the fcllcwing steps : 

1> 
11> 

1!.1) 

1·:) 

v) 

C!':eoical ar.al7sis of as recei·:ed sa::)les. 

.;ize analysis of as :-eceived sc;>les. 

Petrolcgical studies of the saa,les. 

Processing.of ore s~'les as ~e~ the 1lov 

sheet voned out to ?roduce 6 to 'O cc 
/reduct. 

Chel!liCa! anal··sis of !1nal lW:.:>S pn>iUCt 
for Fe, Feo, JiOz, A1203, LOI, .;, ,,, f'il, 
Cao and !'.gO. 

.. 

-
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• 

• 

lt. CBAHACTmtISTIC.:i OF THE SAMPLE 

a.. 1 R>~?P 1 c&l A:ial 7s '! s 

'i~e as received re;>re:;entat1 ·.-e s lr.:~l es verc ana­

lysed. The c'he=ical analysis of the sar.i"'Jles is 

g!ven in table l • 

5u c~, 25 ~. 10 :::.::. and 6 r.~. :-..... si.· ... a ..... ~ ··s" s 
• .. - .... - ~l<.L,..;....'t -

As ca~ be seer. 1:-i tat.le I! t::e -;:: ::~ fract~C'!': 

contained].~~ :~c~ c~lY w:t~ a vt.; cf 4.60 ir. 

c2se of SaI:?le nc. I. Ir. ca!:e o!' s~~l@ !~o. D 

the ire~ ccnte~t of -25 c::: ~s c;.ly 1.53 wit~ a 
~t.; of 2.5. ~his 1~11cate~ t~~ -25 ~~ frac~~cn 
of bet~ t~~ sa=;;les c2!1 be re~@~te::!. 

(r. Visual observaticn C!° +2) m:: fraction Of both 

the sa=.~les, it ._.as o~ser;~~, gree~. coloure:! 

lu::~s which are :iis t!.nct :!.r. co!o':.!:r !':-c!::l the rest 

or t.~e iron ere lU!'!";>S. Pet:-olcgical e>:ac1nat1o~ 

1~d1cated that these g~een lU!nps are o:ily silicates 

lt"i th very lcw iron ·:alt.:es. Kee;;,int this in V:.ew, 

it ves dec1de1 tc ;:>ick these green luri,s n.ani:ally 

an1 separate !roe the other !rcn ore lur.ps, 

presw:ing that this would be ;>cssitle in the r:ine 
v~en the cagnitude or mi~!r.g the q~antity or ore 
is r.ot going to be ver1·1arge as ind1cat~d ~Y 
3;>on£e Iron lndia Lt!.!. 

.. 
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3 

• 

--- As~iix I 
Sar:;Jle I; COnsti tuen t Jample I 

Fe 53.40 48.t.1 

Fe0 . 0.38 1.02 

s102 
14.20 18.c4 

~1203 ~.eo 4.eo 
LCil 1.60 1.74 

\ . r.no 0.065 0.13 

Cao 1.42 1.eo 
>:g0 1.80 2.70 

..; Traces Traces 

F o.042 0.031 

- I 

1 



• 

• 

.:>1ze 

.. 50 .. 

+ 25 n 

•t. ? ,; 

29.1 

43.9 

22.4 

.::>a-'""'] e I . ' Di st.;! Asse..v: .. 
Fe Fe 

5~.so 3J.o? 

54.80 l+l •• 57 

51.60 21.41 

3a--.l e n 
I » D ::r ·.;t. I·: Asseyr' ist.;; 
Fe Fe 

29.3 52.40 32.24 

43.9 50.20 45.50 

23.e 4" "'O '•' 20.?3 

~-------------------------------------------------------------
Beed (Ca1c) 95.4 54.35 97.5 98.4; 

--------------------------------------------------------------
+ 10 It~ 3.8 47.40 3.34 1.9 21.4c 1.14 

+ 6 " 0.3 44.oo o.~4 0.2 30.80 0.13 

1:1nus 6 c: 0.5 39.00 o. 36 o.l+ 31.60 0.26 

Head (Cale) 100.0 53.98 100.0 11)0.0 48.~ 100.0 
--------

.. 
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I 
p 

.. 

., 

F 

... 3 Petrol oc1 cal St.ud1 IS 

7he Sa:D?les range1 in size f"ro::i 1" to 4. 11 am quite 

hard a'-1 compact. He."Dati le and Goeth1te were the 

J:lajor iron ore !!!lnerals and quartz and ceta basic 

rocks vere prEsent as gar.gue mlnerals. Heaat! te 
'1. 

exhib1 ts lacellor tv!nn1n& as w'!ll a:: collofom 

ba~ding occass!onally. Goeth1te vas assoc!ate1 
vith quartz. The a·p;iarent specific gra~ .. 1ty or 

il'C?n ore pieces ran~ed rrcc 3.72 to 4..50 or sic~le 
He.. I and i..11 to 4.6 cf sa::;>le 1;0. II. 

1he detailed petrological report 1s given in 
AnneTure I. 

After separatinc the green lu~ps Cs111cate ~i~eral.s) 
f"rc::: the +25 ::!= fraction the ircn ore lUT.?~s and the 
green rock lu~ps were analyse1 se~a~ately. 

~he r;sults obtained of sau:")le I;o. I anc! sa?:?ple ?:o, 
II are given in table l~c. III-A a~ table 1;0. I!I-B 
respectively. 

As can be seer. from the above ta"?"les t 11e grade of 

the •25 u::r was im;>roved frorn 54. 35",; Fe to 50.14;; Fe 

in case or sar.;:le l~.,. I ar.d the grade or •25 n:r: 
lump vas improved rror:r 48.92i~ Fe to 53.98;~ Fe in 
case of sa::ple No. Il.·'8fter separating the greer. 
rock lw:a:?s ~anually. 

1'he +25 m= iron ore lumps were crushed to -20 ir. 
and screened at 20 m, 10 mm and 6 ma. Tne results 
obtained are given in table Ne. IV-A and IV-B for 
sa::ples I and II respectively. 



.. 

• , 
f 

~ 

I • 

• 

• 

!, .. 
• l• 

i: . 

Prc><!uct 

Iron· ore l!lllps 
+ 25 me 

Green rock lt:c:;;s 
+ 25 l!ICJ 

Ee ad (Cale) 

----

f'ro~uct 

lrcn ere lUitps 
+ 25 mu: 

Green rock lucps 
+ 25 CZl 

:!ead {Cale) 

~~a •1;1r :;- •·c I ~'··:.. ,..,, .~ . 

wt. -~ 

. 't " p ft • ,c 

w.x:.o. 

95.) 91.1 

4.5 4.3 

100.0 95.4 

!able III..B 

3AMPL!: ;.;o. II 

86.5 

13.2 

100.0 97.5 

6 

• I? 
.aS.Si'X ,.:. ---

Fe s102 

56.14 12.45 

10.6(} 4l.24 

5'4.08 1].84 

13.99 

43.68 

47.96 18.01 
----------------~----~---------~----------------

.. 



., 
Table IV-A 

SAMPLE I 

Si:e ~t. 
~ wt. "' A-:;sa:; 1.> .: ,t 

Fe ->102 v.:.c. ----
+ 20 m 3.9 ., • 5 56.82 11.12 - . 

.. + 10 n 57.0 51.9 5~.65 1:.09 

+ 6 " 14.:... 13.1 55.95 12.s2 

6 " 24.S 22.6 5'4-. 97 13. 13 

ii£ad (Cale) 100.0 91.1 55.14 12.45 



8 

. . .. ...... ,. ' 

.:·.~\,,,." ..... ~ 

frC.C:.=ct 
-Vt. ~ A)sa~r I!. Dist.;. 
w.r.c. :~ .:>102 Fe 

-20 + 6= 68.5 )6.52 12~59 72.0? lu:r.ps 

-25 t::: 
{?.eje:t) 4.6 ~.~7 15.59 3.96 

Gre E:-. reek lt:::::-:s 
r·~e,..~ 
(;25-c.=;) 

4.3 1'.).6) 43.24 c.85 

-6 C!: ger.era te~ 22.6 ?-+. 97 13.19 23.12 
fi~es 

! • 
I 

!:lead I .. i ) 
\' ... -3-C 100.c c::-1 -) 

/..JO/._ 14.2 100.00 

I 

.. 
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:s .. 
' ,. 
, 

t 
> 
~ 
I;. .. 
' 
J 

• j· .. 
~ 
:• 

~ . . 

. ~· 

J 
{ 

t 
' ·'· 

\ ,. 

i 
t 
( 

J 

-I 

lro:it;ct 

-20•6 It-~ 

l'W:i;>S 

-25' c~ reject 

Green rock lt.:::;:>S 
reject 
( •25 I!:) 

-6 It:! Generate'l 
fines 

ii t:a:! (C~c) 

9 

.. t. 
., A~ 13)" i.., Dist.;~ 
/0 Fe $1~ Fe •. r.a. 2 

64.i. )4. 22 13.69 73. 5'1 

2.5 29.8~ 19.16 1.57 

13.2 9 .4;: 43.68 2.62 
:· 
. . 
: l 
. !. 

19.9 c:° ") ~::; 

" -···-- 14.97 22.30 

1C :.o ' -, .- """ 
~t I • ~· ·J 1 s. ::4 1~G.OG 

.. 



Ct. bat.ch testing t.he lumps <-2o+6 cm) assayed 

56.5~ Pe vi th a velght recovery of 68. 5.; and 

1rcn un1 t recovery of 72.07.:. in case cf sa::?;l!.e 
Mo. I. 

In case o!" sa:ple No. II -20+6 ::..-: lw:ps assayed 

54.2~ Fe v1th a ve1t:!lt recovery o!" 61+.43,; and 
"' iron unit recovery of 73.51~. 

Jn order to find o~t the reccveries n:'\i t~e ~rades 
obta!r.atle on ;!lot scale testing, re~rese~~,t!ve 
sE:~es o! abo?..it 1.5 to 2.GO tor.? es ve!"e j:-awn 

frc::: each cf t~e sa:::;:;! ~s and. st:bjecte.:! to ;!lot 

scale testi~g. rne no• sheet adopted fort 'he 

~llot scale t~st!?!g :!..:; g1::e:-: e.s fie. r.o. 1. 

!he d~!a!.ls of e~t.:i "J::-.e::t used 1r. t ~e ;>!lot :>la::t 
are as foll c•s : 

1. Crashe:: 

'!7~e 
size 

2. C~eiia, 

a) o.s.s 
b) o.~.~ 

- .i1~rle toc{;le Jaw C:-us!"ler 

400 r.:n X 2 50 CJI:i 

- 20 C.'D 

3. VH:rato-; .;cre•rt C:Jouble Dl!ck) 

a) ~ize - 90 r:'.:I x 45 mm (3' x 1i') 
b) Screen o~en!~es - 20 e~ a~1 6 ::!!! 

c) 7ype of Sc:-een!. :-:g - iiet 

'-ate:- con:t.:r.:>t1on fort est1ng t!'le s~;>les by vet 
screen!ng rour.d to be 1.22 ml/Tonne in cale ~r 
sc;>le I an:1 1.15 s:;3/Tonne in case of sam?le II, 

10 
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F1pire-I 

PLO" dH4"'T A?C?I.r:> FCE PD..O'l PLA!IT T&.>TDiG 

HO~: 

1 50 1lll d. 2-J llllt (ilry) ->creen at 

I 
I 

. + 50 = • I 
- 20 cc 

I 
I 

-50 + 20 =:i 

2ej :ct I 

Eani ~ic~!n& green reek ~lar.'.'! p1ck1ng Green rock 

Reject 

I 

I 

I 
I:::o~ Crc 

Lw:p 

Gree rock 
lu::p 

IroJ Ore 
lur.p 

.j 
C1'1sh d: Screen at 20 m (;let) 

( 20 a:i j 6 = o,enir.g) 

I 
20 m -20 ... 6 = 

Final Lucps 

.. .. 

I • • 
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!he as recei~ed sa..7:ples •ere sc~ee~e1 at S-J c:: & 20 c.~ 
{dry). FrcG t ~e +20 I:C l:!aterlal.. l!ie green l~ps 

vere ca~ually ;1c~ed u~ a~1 :-ejected. lbe -20 c~ 
sc~ene1 fra-~~0r: •:tr;:i:~.: reject~~. !he 1-20t::1 

1ron ore lu=.:':> •"e'!'"'.? cr..;~::e1 to 5J ::-_-:? by close 
c!rc~!t cr~5~~~£ and sc~e~ne1 at ~O cc. 

screened. ?~e -5J ... 20 ::a~er!.il ""as fe·! to t~e 

cr ... s?:er a!"~ ~~e crusher ;:-c·!1.:~t .. ~~ f~d to t;~e s:ne 

t!ot:ble dee:: screen. Aft~:- cr.is~ing it.r:d ;.;et screen-

1r:£ t~e :>rc:!·..?ct.:; o~ta!r.r ·:! ;.;ere -::.:· ... 6 er.: lte?S, 

-6 C!!l fines a~'.! t ~e sl !.- es. 

test!ng are gt•en in tables VII ~;;:; vIII. 

'l!-!e 0·1er-all =-~s~l ts cf .. !.let r.l a~t testing i?: 

res~ect cf ~a=?le ~c. I ir.7olv!r.~ t~e follo•:r.g 
ste;s are ;:;i::en !.n tao.le v 11. 

.f • , __ ; 
P1ck::-.r and rejecti:-:g of 1'2J :::~ gane:..;c 

""i•ce - '° .... r.- t "'e + j;~ ,..... .1.Cl· :' .. .;) ... '-"- •'- "-" ..._ .. 
i!t) .;t:?ce c:-~~=i!r.g c!' +20 z:..-: P.C!-. to .:!:1nus 21 

ar-d •e~ scre~n:~c at 20 :::.~ a~ 6 ~~ • 

,.. ... --· 

~~e over-a:!.l r~s::lts of ?!lot ~llnt t~sttng ir. 

res,ect or ~a:jle ,c. ll involvi~g tne tollo•1~g 

st~~' ~re ~~~en 1~ lable VIII. 

1) nemo·;al of -~ m fra1.:tion of HOi~. 

11) i1c:C!!':g an.: reject1ne or +20 m gang:.ie 

piec~s !re!!: the "'20 t:::t tiCf{. 

111) ~tage 1.:rusn1ng or +20 mm ~uK to minus 20 mm 
aoo vet screening at 20 a:c and 6 mr.i • 

.. 
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1. 

3. 

Table VII 

~.inus 20 c:: 
Fraction of .:\OM 

•20 cu Gang\,;e of 
RC:~ 

Cn15h1rc, 03cc-!)Jof 
and Scre•n; °': 
a) !-:1nus 2~..,t> c:: 

11.:l:l;>S 

b) P.1nus 6 c:: fines 
and s11ces 

Head (Cale) 

..Zt. ~ 

1.8 

5.2 

58.9 

)4.1 

100.0 

A~say;w 
F 

45.18 

9.53 

57.50 

53.44 

13 

Jist.P 

1.52 

0.93 

.,,_ "3 
j"'re' 

100.00 

i .. 
t­.. 
..... . _: ,_ - . -. 
·-- -~ - --·· 

' 
-- ' .. . . · .. 

! . -;. --
I 
~ . . . - . 

. i 
! 

" 

j --

' .. 
t. 

.- . ,: 

tt _/ ~-. . 
..... f .. 

1
.,- : . 
f. •• 

I , 
• 

• 
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s1. 
' • 

• ~ 

1. 

2. 
•' 
I , -· 

! 
I . : 

-

-1- tot: .,==zc· ·-t'-SiEiT 

TaJllt: VI!I 

~A!-:~E !~(. II 

Pro1~-ct 

l-;inus 20~ 
Fractior. er ~C?-: 

+20 cc Gangue of ROM 

C~ysbicc Waa~ 1 0~ ... ' acd .;,crcecir c 
a) t".1nus 20+~ !Cm 

1~;>! 

b) !-!!nus 6 C!: r-._nes 
and sl:1J:es 

Bead (Cale) 

--

.. t. ~-

., '· .. ~ 
11.9 

'1t.e 

31.9 

100.0 

11t 

:· 

Assa:'.ra ~ist.~ 
?e Fe 

28.03 0.81 

9.52 2.34 

5'5.69 G3.04 

51.31 3~.81 

48.41 100.00 
• 
• 
I 

i . 



• 

~he lUC?S of ~a::~le !io. l C-2J ~ o c:.::) assa,yed 

a:-:J 1:-cn 

6 
.• 

•• .,4 l ... :--ov~ ... -y Cr ) ,-.._ = '-'-- .. ~ - . ~ .. . ..... -.. 

'ihc cc=-:.~lete che=!.·:a! a~i!.ys:. s cf ~>;e l";l!::is a :-e a: 
-.: •·er ...... 1 ~·. • L- • •• -~v'\ • 

Cor.sti t:ient 

F£ 

FeO 

~10-
' 

A1~C) 

LCI 

r-:~ 

C~u 

t.(O 

;) 

p 

- ~ -.J ~-- --•.. - ,., = 

~7.50 

1 j1 I e _, 

i2.30 

2.e1 

1.c6 

0.10 

- . ) ~; .... 
1.02 

·J.~16 

0.01+3 

~.-~--~~~ 

;J • • "' ., 
~ ..; ;;::;~ e :~ ... ~ 
~; ·l·-· .: 

55.69 

13.75 

3.34 

O.v3 

0.4) 

0.02~ 

·---------~----------·------



7. 

7.1 

7.2 

'• , . :, 

'l'"o lcw grad~ 
Ire~ India Lt 

..;...at~'-

.... "' .... -·,. f..• &.·- -

C~oS~ 

ca:-::: 

1. 60. ~ 

1. 7~.: 

->ca!e 
r-

C• tte 
r Sa::. ....... 

-.... s~~-. ..... ·---

r..-.- --,.. . ·- -

r-,_4~ ,, . 

• l • ... 'C 
.... ' • •t • 

• 

Fe, 
' _, 

1-.. 2,;, 
fr:.:: 

.;1Vr 
-~' 

l r - • 
t • .:-,\;, ~ 

f!"'een 

-::01·.~·---Y !1ic.-:c:.! fro:_ t:-~e 

1-, -. - ..... 

.- -r 

.. , 
~:.:. :: 

t .~ ... 

"T .... 
e 

r (-. 

·• hf!se 
.. 

...,..., f._. .. : .:::..:-

. :;,-v 

- -- .... .; ... r-,-."1 
: . ""·· ----

- T 
-~ 

f"e 
·.o 

·-...._ 

bas:.:.~ 

. -
- "'.L 

56. 5:· 
. . 

)4.: 

,_., "l- -....... ---~ 

:~ :. ~ 
!"~ ~ ... 

r-- ~ .. 
.; - . .,, . 

16 



• 

• 

JJ I • - - .~ ,.,. -
••1., • J: .. ·'a.:. ------ ----- - --------

- • ~,; :."T _-.. -
-- .. - M~ """ --·--

• !,;- - ; - --- ~----Ji --:-.:1 .. ,.,., .... ~ -~ 

1 " to 4" ar-od •e :::-e 

in s!. ;:e fr~ 

!~st cf t!:e 

~ u ,.. 
-' .... "". 

1r: ad:i!t!.0n to ~ ~ .. c-~ ,~';e~:- ~~s~r-1:-·t~0n ls r!·:en 

se;:ara:ely} • 

oC:ser·;ed under ~· e ::.:~:-:...scc;:e ··e=-~ he:::~t.!.te an"1 gce:h1te. 

"\.:a rt:: cc-:urr~~ ·,::- £ .-. ·: ~~ ~'!. ... ~ ::-:11 • ;!e=1 t !. te, .~:et!:!. te 

rl~at1•e •':t!J ... r·;•1,• --~:·1•,.,.,. ....... tJ}lfna .... t ocr .. --~fc:""l-.,,y ............. -·'-"••#··! ..... ""-J~•-"~'-' ...... ~ .. _,_,.. -·..:1,,-- ··.!..L-

twinr.ing. !·:.:,.;~ r •. ;~ ~~)':.: :e 'J'13 n:-.c·,!'.!r-al. :::e collo~c:t 
tar.Jir:?; ·.-as ;il:;~ ::.~ .:~:·.c1 thcut;h. 1t •~.: ~~t. :>o coc::on. 

Goethite vas i:tc~~Y a.-J=-?ho~:. It wa5 r.iostlJ !n the fom 
of ha?hasard ba .. ~s. ~cethite vas a!i:::~iated with <tUartz. 

~he s!.ze of t.~e ta!1.!, .-arted froc lJO to 1000 :nicrons. 

'uartz was pres~~t ..,:: ~~divi~uat cry.:;tals and also as an 
agfreca~e. 'Ul~:~ •J1 ~ut:e coi::on t~ goeth1te as co~?&red 
to he::at1te. >:..J s!:e ·1nr!.e1 from 5 to JOO microns. The 
aferegates c-f q ·.;artz ~~d a size upto 800 ai.croo3. 
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!=nr,ci ':l•:cc: 11-.1 1r.;:: ore contains ht:?Jat1te n.'ld goeth1 te 
as ore 1111.neral s an:! quartz and •eta basic rocks were 
present as gangue z:!:ier;il s. iiema ti te exhlbi ts l:a::aellor 

tv1nn1ng as ve:l as colloforc bandtr.g occas:>1ona1ly • 

II 

1:e;c•~co;dc Ci;a-acte:.s: 'inc lucps were oft he size :!I" to 

5" and vere h?. ~ ar..J coc~act. lhey were mostly r.assi ve 

and so:::e sho'-'~: la~~ :-.ati~·~,:; rangir.£ !n thlt::':..rie:s free 1 

to 5 c:::. Th!~ sa::~:e alsc i:or.tair.e.! \:aste r:ate:-121. like 

c:eta basic re:--:::; a~ :.: B.H • "· !n a.1c: ticn to !ro:-! ere l-'h1ch 
has been d esc:=- -'te:! !:eparatel:·. 

1-:cst of the 1:-~r. c:-~ •as r:-e::ls!'? br~:r..-~ in c:.lc:.::- an! showed 
d~ll 1~st~re. .. t .. --•-,. .. tr - ..... c..,e--· red 

- .,.# -·1o.--u..;. •:-.;, *• ··J- • ~te a-:i"."'aren t 
speclf!c grav~~::· c~ 1m:-~ o:e piece.:: i-..s~1g~1 fr.::_: 4.11 tc 
4.60. 

·.:. c r::; ~ , 1 4 "'C ·• · · ·•11 :i"" 1•· ~-·r-to-- -·· ~ .. - - .. .,, •• --~., y 

la:rtllar t•!r.- ~:'";[ .:·:: ~ e·,.. ;-.laces ~ ... :·.:!tit.e ex'.1it1ted 

colJ.ofo.n: ban:>".£. :~s si:e -:an~.: u:lto (,JO riicrc~s. 

GoE~~ite wa.:; :--:.~t1~: crypt.:;,-:r1stal: !ne. '°'u<1:-~:: ·..-~s 
1r.·:a:-iably se-~ t;:, =-~ a!5v(:::..ated •.!.t~~ the G.:>ct=:::.t.e. 

'uartz was ::-c tly ,,:--.:1-:d::-a:. It occ'"~ rred as 1; 1 i'71dcal 

· cfj·stals in r.-:~::~': a:; w~"..l as 1:-- roeth1te. 1-'.cst of the 

~uartz was e.::~cc::·.·~·! .-it~. roctn!t~. ~~a.-t: ~:~o oCCi.:rre:! 

es ac[reeate;:. .:< · ~ o!' u.~ scct1 :~.!; or 1:-cn ore sho..-e1 
subst2:itial a::.:;~r.: of q~rtz. The :;ize of quartz va:ied 
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Concl us1on: :-:•e o~ sazn9le vas ha::-d and riassive. 

F.ecat1te and rJet~:!.:e were :dent1f!e1 as or~ ~inerals 
witr. quartz a~! =e:: basic rcc~s we~~ ?rese~t as rar.gue 
E!nerals. Lft.':.~!l:?: tw'lnr.•r 1: nn~ c·:"!.!ofonr b·mJ~ng coUld 

al.so be ots'!:··.·~.! .!·. '.':e::a:..!.t~ • 

cc.r:ta!.'.".ed ?le:·->3 c:~ ::eta!:::_·~c rc~f: !.:--.d B.3.~. l\:trclcgical 

green in co~c.:-. -: •;:;s c,::::qa::-at:!.·;ely har~ ~~·1 cc:::;<?ct • 

lt ""~s ::ie:iit:;: ~ra:~·.-?·:i. l!.3 a!};•are::t specific ,-:-a~·.!.ty 
~ .a.rr.~... - ;., 5 t ... 7~ rsn.:e- -.... .::.- -c~.,. 

cf chlcrite, ~~·roxer-.e und ;:!.agiocla:e. The ti.-i::i secticr. 

s~owed let c: a! ~e :-:it io::s a:1d .3it;i:~ of net."t;.!or;.hisr.:. 

Tat:::. r. c !.n t.o 

!:at~c:-. an! a:·_,'!"~:· :·:!"!Sit ~ould a;;tlj• be'tem-:?d .'ls n:et2-

dcl '; .:-i. te. 

?·'.e(ascc~:.c C>- ::;r:i,..~ers: ':he s a!!!~le~ .... ere grey is~ crc· .. -n in 

colour but cc r:ta1:-.ed SC!!:'! V.11 ti sh ban1s of s!llca, rans:!.r.g 
in thickness ~?"c:: 1 to 2 =.:i. 'rhe .:1~;>les ..ere ~-:J!.te ham 
ar.d cccpact. ':h~y ea·:e c:-i~r:y re~ streak. 

lil.c::asco"'ic ;;im.:..;~; It:> l'Oli:;~:e'i sectt.cn shoW'ed 
alternate ta~.:s c!' "1.er:::it1~c, quartz and go~thite ar.d 

~~artz. 
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Hemetite vas cajcr ore ci.nera: an! vas !lr"!ser.t as cry~lto­
crystalli·:e as vell es in c~ .... stall ine fonn. The crystall1!":e 

hen:~tite vas acs~!.y a~;~~1rA1. Its s~.:-e rnnce·1 fro??: 5 to 
700 ~!crons. 

Goethite was mos ::...y a::.;:-,r~hc;;..:: a~j v as ~!:socia~ej r:ostly 
vi th qt;artz. 

'uartz •as C'iostl·: ,:;.'."".~::-a: a:-.1 1 ts s!.::e variej ~o~. 5 to 
_;5c r..icrons. 

£or.cl usi or;: The s ~,;-·_ e I ar.: :r co::·. aine-j va5 te :-.aterial 
such as cetabas!.:- re<: a:lJ !:.:-!.~. 'I'!-ie ~et.ab:i.:.:ie rock 

was 1dent1~1ed a: ~e:~:cle:-!:e u~Jer ~icroscc~e. T!:e p t? ; .., ... "·~· 
Sho....,e..t A-· Stinct ... --· .. e ~ ... ' ... or h~-~ .. •.: te .. - ~.J .a.. .. . . • ..... '. • . ! .. i.. • ; • • .. .. , J. ... -- • • '- .&. ' 
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Jigging exp•·:·: m··: 
ore sample re»• ...... : 
determine the t·· h:i! 
the required g?· '!e 
differerit size f 1· ' ·t: 
mineral hematl' 
inadequate to ._. :. ; _ e 

density. Furu-.• 
part1cular1 y U.·· y 

also r-=strict. t: .. ·1· 

are pre5ented -"':: l; . 

we1»· ~:-1rri~c. :_1t on :: i..-.w grade iron 
: r.-,m . i•:r1~ .. .: : , 11 lnd1 1 Limited, l·· 

~·eo:. .t~lit.y '. upgra•!•ng !.he ure t·· 
•· tiU ~o E•.=-. Tt::~~.:: were c:~rried out at. 

£h.:•·., !:, .. ·: of • ;,t· heavy r,ature of iroa 
.J1 •. :;ti•Jrt •.. jiggir.g :n.::ichinc Wj:S 

· .. ,'it.if: ·ition, '. minera~::: :iceordinK t .•. • 
· :.e r.:: r1eralo~: ~al •.:r1ar.:i . .:tr::ristic~. 

.~Jt_·r~: __ ,:1 ot --i;artzit~ i::tt:rgrowth::>, 
· .. oft:·: .iiJI ,~ :J·o:::ntrat··. Th·~ results 

·:;•:.! ~:. de::tai '. 
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FEASIBIL~ 
IRON •..:: -

- :-:-:~iSF! ·::;!I1..'N :·:· ~!IGGINt; OF LOW GRADE 
~;;._· ... :.:-: FE~'~·'. :.?.FC:!:G~ 30N IN!~ ih L IHI TED 

N ~ -~an~t!~~. N.V :~er and N.K.hao 

I INTRODUCTION 

Experiment ,..,r, · ·. · gr:'1v: t..y ben•· ! : Giati•.':• .:.f a low grade 

iron ore samph: r· ··. ·.·e1 :· :- .:m M/s ~ ; ·. nge I rvri I !•dia Limited 

(SIILj, Hydera: ::ad ... :--· ca!-!""i•·d o:Jt. '.'his ir:»n C•rt; sample was 

found to assay::.~ :-·~. • L·: iron •.·.·,: ues oc·~urri ng mainly a~ 

hematite. The :- :n1:: .. -. irc.r • ..::ont.t:nt :.,;.ecificat.10n of the iron 

ore for charg::.g :·.:_· SIIL's rota!'"y kiln f<::r production of 

sponge iron is ,:o ·; r:t·1 1} ::.e low ~r~de irt..·n on,. therefore, 

needs t.he 

benef 1.ciation :.·Js '. _. be d' ue at. t: ... coarsc~t size possll-le 

since rotary k• _ ~- t;,.:-,:; in ·.:.-:dy lum;- :.- ores, :.:ind <•t. present no 

facility exist c· . lIL f r ~elle,:sing ar.; ~intering the 

fines. A simpl.~ ~re. ··1"re ir.·.:•)l.ving ·rushing and screening of 

has been repurt · .. :• ~ 

~1.ti . ~- •. •.1th :1 .-,.,.,,v,.:ry ,,f 63 %. Hy a suit&t>le 

mechanical me·, .· sepa r .:it. ion, :t should t~~refor~ be 

possible: to i r:., ruv" ,;pon t!.•.: earl i•.:c resul t5, t.· th in terms 

of grade of t:.': C• ~;.·entra t-:: and tou.d iron recovery. With 

this view SI l '.. rec;· i·~stt::d t.he Ore I>ress1ng 31:ct.ion to carry 

out studies or. upir~~~tioL of the ,,r~ by Jigging, at a size 

as co11rse cs5 f'.:':" ~11 e f'r·~f er<:sbly ~ n the r<H1~e 20 - 5 mm. 



Experiments ;..;-:: : · · ·1t ir1 t ~ ·-· Ore Dr-ess1ns Section 

using ··Harz·· t~ -rat ?-.-· .J l~s a:. : . this report presents 

and discusses t: 

II JIGS FOR E. :. !_ - HENEi<..:i.A7IO~ 
; 

• The Jig 

concentrating c-:-.·1·>-:". Jii-sir:g i~ ·he process of sorting 

different mine? , : ~ a f ~;:: .j by s~ !" :tifica~ i•:>r:. based Upon 

• the movement .-J! :, t · 

fluidized by t' ·· ~··. '~-ion .. :: !.he I: :td in :; V•:r~1<.;.:il pl&ne. 

The stratifica· · :r1 • :ses • 'lrt.i'2le:· :.:i be arTangea in layer~ 

with lncreasifi~ d~= ~:ty fr m tvp t: ~ottom This particle 

arrangement i:.s !":::.·· .. ·f-'+.:d ~JY sever-'-•. cont::-1U•)usly varying 

forces acting :-1 • :.-: p.:i !'~ icie.s o•! .! , is :'".Ore related to 

particle dens:·'.r· ·:.1r: m ... st. otht:.:- ~ravi:.y .::.:ir1centrating 

devic1;:s. 

/.. number ., . · • • · · · :··_!n t : ;.: pc !J •) t ·:~s are lva: able in the 

market. This 

different t.iu~ ... 

a rec t.angular : : :·· 

into two part:, 

·· · • · · ·' • • • i..i1c : ·, i r. t<.tnk by ;J 

provisions for : ·:•:J:: and t~llings disposal by ov~rflow. The 

plunger 15 '4ct · ·:.·1t•·. t.y an ··Gcentr1r:, driven at the top by a 

motor. This valve 

syrachronised w:·h t .. •· di&r•hP·.:.1;m in'.. ich a Wl'JY that water 1s 

introduced int.. tbr: ·.to{ on~ ;1 dur 1nl!'. '.he diaphragm up-stroke 



- . -,. 

or suction str ~~ • I th::.; .-irra:.~·:ment. neut.ralises t.t.d 

The major~- :er~ ~p~li~b:ions o~ Ji~s are essentially in 

; (a) coal washir:~ 

(b) primary tre~· ·:."=r.: · :· al :1.:vials, 

(c) coarse lode ·.r. ::-:: proco::.:ising, 

(d) free metal r· :-wt::·y in gC'!d and :: ~her mills, and 

( e) cleaning of . ~!,d _ 

In coal w:Jnlr:; jigs ~re used ~o pra~c~s relatively 

coarse particles ·"?tc :> :.zes 150 - 20U '."'lm ( 4 > . But in the case 

ot ber,ef ici::.ati .:,f :.-.-;1vy :n;.r,eral;.;, : irier si::•:s ~re used in 

jigs. Ores of W;. ~·r::s:-:-. :.:1 51 ,.:-.:.issit.er1t·:. ~olmr.bit.e. tantalit.•! 

et.c., have been .. :-~·- - f:.illy :rc<it.ed i~: jigs r.;pt.o :-1 size of r3 

a very small ·re·:·. •_:·-;e_e 01 the or•:. The U~f~ uf jigs for 

benef iciat.ion i :· 

constit.utes th•· .;'.1rt!'··~- frac~.~on, is :. ·wever r .. ;t widespreaa, 

alt.hough one .-:! tW·· -;iJ·)radi ~ occurre:-:ce of use c1f Jigs for 

processing ir._: 

Canada<t.S. 7 > 

is claimed to hav~ b~cn develcped primarily f0r the treatment 

ot irofi ores. Thiz Ji~ has a unique mc~hanism to keep the bed 

mobile &nd prevr·r1 ts • ·r,mplet1: clo:surt; clurini t.he interstitial . 
trickling phast:: A mr!d i um !:> t. roke a rid frequency harmonic 

motion is sui>t.n imp<.• .r:d by 'i high f rt:quency .short stroke 

motion, achieved l;y ,!· .1 l eccentr ic!J <+•:rating in purallel and 



linkec t,.:) th~- . ~ t ,. · 'Mf·~' ! • ;ncn t .... : '.·ot.ed ·- r(.:,s -aras - T' ._~ .• : • n.ro: 

whole hutch OS•::'. ~ -~ 
. - \·er:! ~ .·: ~ . '. 

l -· 
~!. _: :s cor .. ~.~c~e.::i t.o t.he jig 

by a r:..Ibber .i: · ~=- -,. · ,.. : 

the rerfonnari.-. · · 
• 

avai.L.oble lite:.-_:;;" 

except one ml l l ·,: 
• 

Th~ ere Sb;:,: . •: ;, - c.lr; ~: -,:; ly ~~: : :_, Wei~:, ii.~ about. 100 kg 

was in the r 

size. Crushir:..- c:·t · : . .- LJmt was .::·:?'!"ied ou· ir. _;::.aw crusher 

followed by !". . • ~ .-~!..•.•c rs in :; · :..ges so :.:::i t.o minimize 

generation of ~ :.r•·-~: 

vario:..:s siz,i;- d.if fer~nt • 
experiment.::>, .... 
availabl~ in · =-~ ~~ 

carri •. n-: ·.-:.ul •.•r. 

3.1 Chemical 

Ch~mic&l 

Fe and 16. 11 J;; - 1'1- ,. .. iron Wf; rt: essentially 

contributed by :.•:rr.r .. •. :r-:. Met{ascopic; r-:xl:lmira&tion of the !S&mple 

showed the pr•:seri . .:· of ~reenish ~oloured metabasic rook 

frapents mixe: wi·h hemat.1te-quEsrtz1te lumps. The &lmgue 

constituents t ·· discurded an . .: the met&b&sic rocks 

C1reenish col .ure: gangu~ piece~~ and the interbanded 
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- .. --· 
quartz.:. L~. fl!".~ . :.. - _ ..... ~..tit;;. 

heaat.ite. t.hf': ::. t ! . 

wi t.h t.~;na ti te. 

Bi::::; ides - : .f~ .. 
visib.:..~ 

~. 1 .· .. _.,.:. 

microscc.pe th.-

quartzite wi ~=- ··:-:-.2' · 

( Figur.=:s 

dissenn r.<'lt.ions . - ~- ... ~ .. 

interstit.1al ~.. · .... -

-quartzite wit~; 

the other f~l~ r~ 

pure h;:;matite :·:- •. ::-.··: 

quartz ( Figu ?"·· - ' 

quartz 1 quart;:: ·· ; 

attainable gn, 

part le!•! !': 1 ze. 

3.2 .Jigging .-.: 

From the 

.. . •. 

-·. 

t:.·::.e clr:.•:ly int.ergr.:wr. 

~1ei;:a•: ' . ..-; sr-:t.:.: : limit : -:·!" •.r:~ maxlmurr. 

rr.: .. r ... I .-.f i ::r.d f·r·· ... , .. ~··d in t.L·· 

Jigs. The f e•·· · . r,!'( ·,. 

feeder assembly 

during the w:ry e.ssential for the 

Stratif iC&tiOfl • :· th•: f t.:ed m<.iterial .t•;~11rding to density, Wta~ 

completely mis:;!:,g. 'ltd::> Wli!l d1Je to U11.: gre&t,:r weight of t.h•.:: 

feed or~ lump!. F:lri·: ;AiSv t.-, the pr•.: t0minant heavy minerc:.l 
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pulsion by mar.~: : . ~-t: -; th-:- : mt re•! ·.· 'ciable~ like st.roke 

lengths and :~ !..50 material. 

Tests were als.:i ·: .. ·:.ir:-i :.:i t.r. ·.·.-,~-~.:.us j i 5 ~ .::reens of 

different sic:ed :-d. ~: .: : . Ft.r.~ i i.y b>· :::.; i. tiple fj.:tssr::s through 

by giving mon: · ;.:n- . ;, thr.: :;~;µ~ru·: •!a ch.::amtwr. slightly 

better results >:"!""<.: : :,.:iirtc•J. W11iCh ·'.r~ ShOWf! ;_r, io'igure 9 . 
• 

The back cal~ulj· -d '!'····i ass.'>Y of th::• size f :-action ( -15 + 

combined hutch <ir. t,":: ; !·vduct '~ C(>r&st 1 ~·1ted 79·;., c)f t.he weight. 

ot t.he feed mat--=::·usl. :..ssaytd ~2.06 ,,_ i'e and cor.t.:ained tl8 ~~ 

of the total ir ·. '.fj •. _-<::5. Ttw t.ailir1E:~. assayc,_! lt..::..;s of iron 

and mort of sili·'. ~u:: '."lting that. s.-.. ~.,- separati···n has indeed 

• taken place jit{fol:~ng (!Ver. with im~r .. per ar~J 

only : .'!'". t . : j. i.::.-..:; i 1 b"' : r1d1Jced by su1 t<ibl •; 

arrangemr::nt, 

material to the 1 · 1u i:, 

3.3 

1''rom the ... 
._ 1J • 

~~t~!":!.al was .scr·:·:aed r 0 rem,;v~: ·J mm mater1lil and the -10 t 

3 mm fraction \...·1s •·r 1_,~esse::l in the jig, and the details of 

the experiment & ~ ,rig w: t.h thr: resul t5 <Jre shown in Figure 10. 

In this case UI" hll< r. ,:;Jlcu~at1.:d fet.:d grade was found to. be 

50. 73 '% Fe, wr i ·:h . ~ srer.tter thar. that of + 10 mm size 

traction, but .st il I··.:; th;H; the over.:.11 ten•>r of 51.9 ~Fe. 



• 

• 

• 

,v •:4r-~c1.menL. i. r • .e rougne r 

concentrate {c._:: ~!';•.:. -.:.:msti tuted 

iron valuts. . . 
~ -

COllCt!nt r.a t•.:, t t.• ·: . !.·· 

by weight.. assa:.··- . • 

Compar!sor. .f earll .. ·:-

experiment rev~- t :. ·z-.. _.. .. .:: 

improvern~.:-1 t. . 

better di !e:sti• .. :-= 

and, .. -
-G 

performance of. :J.: -. , '.:it1r:: :L:s f . .,, r • fir.· rh::i;:·:''. ls th•.: 

physical charae~ ·ris· ·~ o'f ·t.r:- ,:.re 0 ·1::.i:-le. Firt.t<.::ilarly thr.: 

extent. and the : ..• e:.·· . of t".•: inv.:r~-:,..·ered «dar·t~:~te bands 

and disseminat•:· 

determine wheU•··.· it _; p0!;:-;il-L· .:it::.~ t.o gr.-r. ~=-1..: requir~.:.J 

:.1 

In order 

experiments wer•· '~a,. . .::d .::n.:: at t.er : . :i:5sify ~ :.h '..:.·.: -10 rr.m 

IDbt.erla! into . r 

-4.75 ~ 3.2 ~~ t 0. r; !; mm <.ar. : 

, .. 
~ ,, q_ 7~ mm. 

-0.8t m~ fractions. 

The-0. 85 mm size ~ rac· . .r; W<.J~:. n0t trt~.1 t.ed, ar1<! a:J ~uch 1 t was 

discarded. 

3. 4 Jigging of 'los•·: y Sized Fine M.:s terial 

About 15 kg >f e;.:h of the size fr"ction~ -10 • 4.75 mm. 



-c-

-4. 75 • 3. ~ m::, + 1_ ~ ~· n::n w·· ~··-· r-r•:pa n:u t-y crushi =•t! 

:-:j;. r. ~ .. .: ·:· r~: . ~1mple ~tr1.J these Wt: re 

separate b· t.r•.· I 

were appropri~· -~ ·:.~tJ : ... !· :;_ff··:···nt si::e fr~-::tioras. TLe 

results of u ... : 

• 13 resp,.-.~tlvel,:.· :,.1 

3.4.1 Jigging 
• 

In this -

proper di la ti •"..·r ... ... ·~ twd tr .. _uf!:L ,•_was slightly bet.t.cr 

than ir. the t::;;, - ~~ 

grade of t.his .. 
wa:. •.; ;;: .. :··., t.hc ·.·.-.~u•: L•.:ing v~1·y 

close to t.ht: ·.,·,.: : 
The hut.·.:h 

product assayed · • ~- Fe a: .. :. the ; ···! 54. 5ti 't i•e. The hutf?h 

;:nt..1 :.- .j. ·~•·n~ ~-: ~.uted 7ti. 1 :., by weight. 

assaying 55.2ti/;, hav l :.1~ aL 1 r .·:. dlstri r-,utic,n of 81~ . 

• 
., 

In this c:·, 

hutch product. •• _! 

re~pectiv..:ly. 

for s·1. 7 % ,_.: 

Jig performan~t not any ~etr. r even though bett~r 

dilation was ob· :1ne· 

3.4.3 

In this • : .. t:: 



• 

hutch product r .. : • • _ ·_ the iron dhstributivn 

in this fract : ratL•:r i-·s!j -:dy 26. ~-- '~ ~. The b~d 

material &ss.:ir-

content of th··· t~ =~a~~;un~ ~er~ . ~w_ Beth h~tch and the 

bed m~t~rial .... . ·: .• -

Fe, L;_;t th-:; · ·.::. 

IV DISCUssrm: 

.. , ..,._ ·- ...... 

It wa!'> n •. · ; ·_•:-- - le t.: r·r-.:- ··~s:; · :o mm SlZ•: material in 

this laborator:. .:.~r .. nG (:!"t..·f,er ji,· ;./hich can dilate such a 

heavy ore, was 

due to only .. _:h. - opeL1tiora, L~·- also due to the ore 

characteristics TL becam~ eviden7 by experimental results 

of jigging f~:. r :"!·. :tions EssenL:.ily, two phr.:nomen& are 

responsible for · ~.":! . ··.:ul ts ·Jbta:. ne,: They &r•.: 

(1) Absence · :__.e(.: .. lati(•r1 d1_. .. t... · -i:.1ipment 1 imitations 

this prevente-:! ::-.: r :· strat ~ t' i·~atio:. ·A mine.-.:ds and trapp~d 
the green 

pieces. A bet.I• .. I! 'r ion W1•11!<f ht~V·· d1:finit1·ty freed tht..:!-,(.! 

"green"' Piec~:; ;obi would tks'I•· ,.~..,, ... 1,1.Jally •: :;;i.:.c. Pt:d j ! ! tr1~ 

tailings over!", w. ,is ex(.-! a i rw tb. presence u!' .. • ..imber uf 

"•reen pieces pun~ ~~ang11•· piece~> i ri the jig 

concentrate. Pr 1 ,-:~t.il. :1 bett.•;r c•pnr<:st. nil jig wouJd have giv . .-;, 

improved result: 

(11) Ort: Char· ... · r: 

mm size t'rc.sr.t.; 



other two c ·· 7 • sizes th-::t·~ w: no imprc.v~ment in the 

performance t .'t> ob·3in•.·d .. jiggini-; 10 mm size 
material. It ~- f ro:n tLe r.i ic :· :.•~opic •;xarr. i nation of the 

sample that t,, .-,,~!.. · ··-~ thF: rec;:_; i r.:- : ...:rade of Cl"..;:.centrate. the 

jigging ope:-· : .)r, 
.0uld b·.: abl·· ·,) reje•:t, not only the 

composites. .,,. : !.t: ·:.~ sp(:.~ifi.~ g:· .,;ity of ~<:irigue pieces is 

about 3, that ~- h·· .~.ite-,i'•Jrtzit•· <:>mposlte.:.> varied between 

3.1 and 5, a· ;;-::r ..... g upor, the qu.:...:·t,zite content, 3.1 being 

the specific ~rb:::y of composite ~ontalning about 80 % of 

quartzite by .··..;.i -.-:.•· and, 5. 0 beir,,_; that of pure compacted 

hematite. The rr.:: "ive abundance .. ~· particle!> of different 

specif le gra·• ~ y ._: . ~ dep1.:11d on t:_,. extent of liberation. It 

is obvi ou.s u, i . ·'1r:lt:!. :;izes t.L··re wi 11 be particles of 

all densiti~:: :n ~ ·· ran!{t:'. :;. 1 to · due to p<.>•.-'r liberation, 

and in such 

the bed. On ' .Jr ·r ti:.1r,.i it may '. .. possil:.de r,._, reject the 

bulk of uv~ ·-~ rr. pit:• , ~ ;: ('I I l which h::i'b: a :;pecific 
. i t r r· ·i·'!r 1:1tion (_• ! the t.Jc:d is 

.. 
ach l1~w:d, but. , : r1ru: ..,, ' I l r10>t ' . ·11: th1~ ,.,:•1:i1 red f{radt: of 
the COrJC":11tn.1• 

· at,,.•1:, <J mm ~31.: it may Lr..: possible to 

liberate most ·•1' ·hi..: wide band:., of quartzite. Thus a 

considerable fr- rov··.·i··nt iu the grc1.i•-, to 50. 4 % Fe, could te 

• achiev~d by . ; >o1.g i . in the size r:!nge -3.2 -t0.85 mm. r'or 

further imprc_1•. •:mer.. in the ~narle, 1.:1•.! fine band:; as· well as 



• 

dissemiua.teJ libe~·.::t.-._:. which is 

possiLle onl :.- vf at .. :t <all p.:.ss1r.~ 

through 1 (10 r:.• 

at which takes -·rat.i._•:. ·.·:· q1: · : ·;:: fro:r. "' ...... b"'::::~ti te 

place. needs f .. '.t•t.a i Z •• I 
't hie :'" ····~ . 

V CONCLUSION. 

On the ba~ 

the low gradt: ::-.n :·::: samp~e. re..:::•·. -t:d fro1:. 0lIL, following 

conclusivns &!-,: .: r;,._ · 

5.1 Benefic::. Te by Jir.-.ing at very 

coarse sizes and, ~s ~~ificult due 

to the absen· · 1:;: :: ldt,i._•.:1 or th• .. ed uf he.:,·:y mincrais. 

Special t.ype c: 

5.2 Jigging 

not g 1 ·J~ ~ood 

5.3 

grade by giv.i:. ·,·:· 

stratif icatior1 

re-adjustment 

5.4 Howf'!ver, 

hem&tite 

liberated, 

concerit.rate 

mm). 

in 

...... r; ... 

; . .If; • ·. 

r.ava .. · r the br_;d. 

.· · mi ri•: r :i : : t.., 

.11 b<:J ·Ii 1 .'Jt,ion. 

quartz 10 

~Jchie1in.lo{ t.h•: :·•.:quired J{r<1de oi thr: 

( l . •: .. - 3 +0.85 
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• 

• 

6.5 Dete.nninat ~vn vf the grind at. which these intergrown 

quartz can t- 0~·1mally liber&ted. requires detailed 

mineralogical .~;:1d r-·~ t rographical stt•dy. whic!l is beyond the 

scope of the pr'· -~nt. : t..udy. 

The authv1.: w. 1, to U1lu1k ~·l,ri P.R.R0y. Director. 

Materials 6rour ii:"~:;:·;., f,·r his b··-n int(~f"e5t and. Shri 

D. Narasimhan fc ~ Uw photomicrogra~h:..;. They are grateful t.o 

Shri K.P.Patne:1k. ,;.~neral Managf.:r and. Shri J.H.Reddy, 

Manager. SIIL.. f,,r referring tht: r•roblem to Ore Dressing 

Section and for their co operation. 
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Figure 6. 
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_ J_ --- __ J_ ---___ J ___ _ 
Bed Tails :: Tails 1 : 
-- - - - - - - - ·- - - - - - - - - - -· - -- - - - - - - - - I 

I 

Weight, % 6ti. 14.00 5.86 15.14 
Assay, % Fe 5 ,., ... 

L- . - 4:3 _ 72 22.03 28.96 

Assay, % SiOL 1 '.1. 25 35.32 32.83 
Fe Distn., ~ i :~ - ! ·• - 8 7 2.76 9.37 

------------- --------·-------------
Back Cal·: . ~at_,_, ~·•.:ed Assay 

H: .. di • ··:d Weight 
·ssay, % Fe 
.·~ssay, ·/~ 5102 : 

l't:: .,£:;r.;overy, % 

46.80 % 1''£: 

79.0 
52.06 
17.27 
87.87 

Figure 9. f~·'.:rnlt. ·>f Jig~lng -p, 1-10 mm Mc.at~rial 
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