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The current annual producticn of ﬁ;:ished steel is just over < mi.. ion
tons in Indie. The zrowth pattern of Indian iron and steel indusiry from
eurrent production fipures to a production capagity of over 20 milldion ‘urs
of orude steel at the end of the Fourth Five Ycar Plan, has Deen outlined
stage by stare and rationally cnalysed. The individual exnansiocn pattern of
different eeel Planis currently operatiny in India has slso been outlined in
relaticn to estimaied requirements of finished steel by 1970 71.

Likewise, the growth pettern of foundry piy iron from the ourreat
production of just over & million +iuas-a year to over 4 million i ns
annual capacity to be esteblished by the end of the Fourth Five Year Plan, has
been outlined whilst hi hlightin: current shortfells of foundry pi; iron in the
country.

The establishment and projecteu jrowth of alloy, tool, special and stainless
steels industry in Indiu Meve likewise been annlysed in relation to its growth
pattern to be followed till the end of tie rourth Five Yeur Plan. The estimated
short term and lonz range requirements of the diverse ranges of ferro alloys to
ecater to the needs of the alloy, tocl, special and stuinless steel industry
have been outlinecd in relation to Third and rourth Five Year Plans including
the fimenciczl implications cf the ferro 2lloys' requirements.
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The role of Indian raw-moterinls such as iron ore and flux, their
inherent shortcomin s ond optimum remedinl, beneficiation treatments required
have been diseusscd in relation to their indispensability fn satisfvin; the
srowth pattern of Indian Iron and Steel Industry. The role of small foundry
iron production plonts has been specifically highlighted in relation to
fategrated iron and steel ecomplexes in the background of Indian conditions and
projected developments,

It hes been shown that oven tacugh the iron and steel industry is highly
capital intensive, it cannnt be left to the va; vries uf international trgdt
both in times of peace on! that of wor to satisfy the almost unlimited
applications of iron and steel product mix in light, medium and heavy
engineering and consumer industries. The paper cutlines the current planning
of Indian iron and steel industry and its steady pgrowth during the suceessive
Five Year Plans to asaist the country to attein the economie "take off" stage.
Of n.cessity, such an upward growth of the basie heavy steel industry entails
its inevitable tuil and aweat, success and pitfalls and yet the ultimete
objeotives of sttaining Indian self rafficiency in iron and steel industiry is
undisputed, provided however, metallurgical problems of the vow-materials,
installetion and maintenance of iron and steel plants at cheir peak operational
efficiency arc squarely faced and effectively overcome and not lost sight of

in the mage of endleas discussions and explanations.
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INTR0DWCT ON

1, The hard core of long-term planning in Indin as embodied in our
suceessive Five Year Plans hns been the establishnent o "heavy"” industry in
its diverse phases including the prowth of integrated iron and stecl complexes
and net work of small riants based on resources of men nnd motevinls casentinlly
indigencus. Whilst the eapital  cutleay for the establishment of pillars of
heavy industry and tandem growth of medium and light industries have followed
certain characteristic patternsinluenced by constroints imposed by our
balanee of payments and thereby Li.sed on friendly aid wherever possible, the
reliance on cavital fundamentally indigenous has been hoasie,

2,  The main objectives of econonic planning in India are to raise the
standards of living of India's matitude, provision of ndequate opportunities
for the development of indigenvus talent and ceonomic industrial growth in

the ultimate analyses cy "ones own legs", These short term and lon;z range
purposeful, sustained and titriie economic planning and growth have not been
without the inevitable toil and sveat and problems arisin; in the muze of
rapidly expanding horizons of research and teelmolo:v, of technieal education
and mass literacy and deepening ehr.llenjes of wor apainst poverty within

and a foe beyond. Such then is tie hioad--based ugectrﬁm of the anecient and
modern India; the nneient still standing true and majestic and the modern
lhiumaring into industrial nationhood,

balern Teohmclozy and Steel Productions

3¢ The impact of modern technologienl developmentsa in the metallurgy of
iron and steel production, has been squore and ever-lasting on Indion iron and
steel industry, ihe metallurgy of iron cnd steel is based on processes that
have essenticlly remsined uncltered in essence over the past century but have

uwndergone spectacular chanzes in the seale of operations and efficient
processing of raw matericls und "refining" techniques based essentially on
contemporary developments in encineering technology. It is now well established
that iron and steel are besie to heavy Industrinlisation in any country,

The probleme that confront India ore complex relating chiefly to difficulties

of foreign exchange, raising of prodvetivity potential, shortage of technieal
trained persomnel and insular shortages of indigenous capital goods and

maintenance spares, In spite of vast pgood pgrode iron ore proved reserves of
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over 20,000 millicn tons, the heavy expansiocn «f steel industry has revenled
some hisie deficiencdes in the ruw matericls; high clumine contents and
unfavourable .1203/5102 rativ of Intfon iron ores partieularly in the ore tines
apgravating by heavy monsoun ruins, hish ash ecntents of Indian metcliurgieal
coals, shortare of steel. moking quulity limestone flux ete, are characteristic
of the situation. The reserves of metallurgieal eoal are mot only limited but
alsc conecentrated in enstern Indin and cenernlly have high ash contents that
mnke their cxpensive washing "o must", ‘“he brnsie steel making flux i.e,

Indian limestones are exceedingly high in "insolubles" tendin; to chenye the
"steel--making" into "slag-mnking" from o metallurrziecl "metapher" to un
undesirable reality. The conjcint ill-effeets of sueh iroblems are obviocus
considered in the context that India's annual ingot- steel produetion eapasity
which is now bein; expanded from 6 nillion to zbout 9--10 million tuns 2t the
end of the Third Five Year Plan (1965 66), in further projected to yield at the
end of the Forrth ive Year Plan (1970-71) an unnual productivm of 18 milliun
tuns .f iagot steel necessitating: the establishment of a steel making
capeeity of 20 21 willion t ns n yeor, thereby yielding 13,6 - 14 million
tons  of finished and rolled steel products. These develupments bave

been planned on the hesis that ot no time during the Third and Fourth Five

Year Plans is there any possibility of supplies oxceeding demonds, despits the
current emphasis on exporits., . demand of 6.9 7 million tuns per year of
rolled and finished steel produets at the end of Third Five Year Plan (1965-66)
has been established eorresponding tc over 9 million tens of annwal ingot
steel production to be achieved on the basis of the following break-ups

iximting Steel Plonts Killion tins per
ear (ingot stes

Tote Iron and Steel Yorks 2
Indian Iron und Steel Jorks 1
Bhilni (Hinduston steel Ltd,)

(after ecurrent cox;ansicn in hand) 2.5
Hourkela (iindustan Steel L, )

(after current expansion in hand) 1,8
Murapur (lindustan Steel wLtd,)

(after eurrent exnansion in hand) 1.6 »
miscellancous small units 0.1

S
RTINS
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The maxigmm actual cutout £ron the existin, 1 lants epc their curreni exXDans o
pluns under exccution msy yieio 6.86 6.9 miilion - .. el vear of fipished
steﬂ,&aquivalant 1o o’%ré[,wgg\lMur Toam o dnoi st pEevided ihe attainment
of alu}gst 10Ue produetion of 1mt‘a$e.g&eaﬁ)u, is physieslly sehivved ot (he
end of 2";}19 third Five Year Plan, whieh hgwm z‘-ia‘,;ifrmi poretice ecowld e
problematicnl. In these schomes, o willion tons ‘;‘,{f‘”ga;mr of st stecl
cutput from the projected Bokare Steel Plani at the cnd of ¢4, "i,'iii‘t*itﬁi{? JYeur
Plon had tu be exeluded; the Third Plan hed originatly been plenned o ’s}iﬁ%‘ﬁm
iagot steel pr.‘uction of over 10 million [ 4 per yoear durin: i965 66 subjeet
of course tv aotunl steel production and inatelled enpaclty fully mitehing: cneh
other. These Plans have now been supplemented hy additional targets of abeut
675 million tuns of rolled und finished steel to be noeountod for v the end
of the Fourth Five Year Plan (1970 71) corresponding to B.8 million tons
anmually of ingot steel angd adding up to 2 total of ahout 18 millicn  tias  of
ingot steel per year, or sbout 13.6 14 millionp ¢ ns annunlly of findshed
rolled stecl. These plans, formiduble under Idinn conditions of sennty enpital
goods, trained men and materinls, yet dynamie ;uﬁ;;é& by any yardstick, have to
be fulfilled through expansion by the end of the Fourth Five Year Plan (1970 1)
of produetion capacities on the following basisy ‘

Steel Planta ©oMElon  vons fyear
ingot steel
Zhilei (Hindustan Steel itd,) 325
Dergapur (Hindustan Steel Lid,) 3.0
Rouikela (Hindusten Steel Ltd,) 2.5
Tata Iron and Steel “/criks 3.0

Indian Iron ond Steel Works Q
3.75 m tons
eapneity of inpot stesl

-~ ms

Actusl inpct stcc) produetion to be physiocally obtaines from the nbove

Plants durin: 197071 mry however be somewhot less then 1 3.75 million tun s,
To the above total, mny be added 3 million tons o yonr of insot steel
production from the prujected Bokaro Steel Plant deeddedly to e establishol
on the basis that on annucl eapueity of 4 to <45 million tonnes of ingot mtoel
production for Bokaro Steel Plant would pussibly have heon ereated by 1976 71,
Additionally the South Incinn Iron and Steel Plant based on the use of Snlerm
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m2 netite and weyveli Hignite may be expeeted vo yield ¢.5 millfion tons  of
in:ot steol annunlly durin. the Fourth five Year Flan, bven apart from the
svuth Indisn Steel Plont, an annual ing 4 steel production of 16,75 we iuns

hea thus Leen plaanct, T pees however, the srojeeted finure o 18 milliow tuns
noye.r of dncot sicel produetion by 1970-71, cdditional steel eapaeity would
neod to be set up, soeeifically more 8o, since to Chyvsieslly sttain 18 millicn
toad  of duyot stecl annunld protwetion, o preoduetion eapaeity fuiely in excess
thereuf woul!l be neccssury on the jremise thot cetusl stecl produstion and the
rpated eapueity will not alwoys and at leas! during the initisl "teethin" periuis
fully mateh eseh othery Tu meot these roquivements, two additional Steel Plants
at acw loeations ewrrently under stuly woeuld be established; each with an annunl
Injot stecl eapnedty f 1.9 milliun tona this wculd ive an annual total of iq
™ — 19,75 or way sbout 20 wdbidon tons of emle steel jroduetion capaeity

T
\“:ssﬁsgéete? by 197071, In this eonnection, the Hindustan Steel huve started

mrwy of the iladilla Gadhys Drodesh) Vishakepatnar belt whilst Goverament
of Indda's note’ Steel Consult aits, .ossrs, Dastur and Company cre likewise

setdvely murvoying ithe Bellori (nchr Pradesh)  Hosnet (iwscre) belt and Gen
Coastal nrec for future steel Planta to be set w» durin: the Fourth Five Year
Plan. These Stecl Plants thouh desipne! for an initiel annunl production

of Lo million tina of fagot stecl by the end of the Fourth ive Year Plaa,
would alac he eupable of expan<don to an znoual enpeeity in each ensc of 3 &

pillion tons “of erpde agwi. The estublishment and rrowth of ecnsiel Plontis

-,

such as ot Goo rey clec favoursbly cunsider the fmport of hilh . rade
metollurcdeal eckdn: ownl or ooke to be balanced nininst the expert of iron ore
sellets made out of beneficinted irem ore fines from Goo mines ot o srice of
about 12 dellars o ton, It is o weloome feaiure of ourrent ladian plamning
that the establisiwent of uew Steel Plants is Clatinet'y more "raw meteriala-
oriented” rother than selely "equipment criented”, .amen: the itewms to be
produec! fn these Steel Plants, the flat uroduets would predoninate sinoe the
defieit is porticuisrly notdeeaide in ldverse flat produets. The waoatiule of

slandng and mecle of operntions, it would Le gporeedated, nre truly titonde

mere 8¢ owhen the roduetion has to Lo ayatewntienlly ontionsnlised and oriented
to optimue end proiuet mix based on advanee yet eumprchensive mariket surveys .,
Corrent thinkine alse favours the budldin u; of stocks of oy L 1.5 million

Posof steedl Iy 1970 7L 40 withstond the atradne of wie ond stresses of peaec
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such plonninzg is in conformity with the rationele of India's neeelernted
steel devolopment rlaas so that Indin eun not only hope eventunlly to become
the "Uorkshop of the Lust® linkin: her exports of multitude end products
with cssuretl physical supplics of home made stcel ‘it would alse attempt”

to reyain the positicn she cuce had ns the cheapest steel producer in the
world,

Ambitious Planni

+and the Prnblems:

4.  Befure howover, these plans ean physically mature, complicated and
Gifficult problems wiil have to be tuckled, sueh as breaking new yrounds fn
respect of raw motericls' bases and their speedy develupment following the now
- well-establisheq eriterion that the row materinls will need optimum Viccessin:
and sizing; and possibly additional economie benefieintion treatments. _ The
physical tronsport of row motericls by rail is one of the most formidcble
problems which can seriously stand in the way of econcmic pl-nning particularly
in ottainin: stoel production torgets, The shortoge of technionlly trained
mun--power, shkilled artisans anc competent supervisory managerinl personnel
completes the picture, perticularly when it is realized that the pericd of
useful technieal training ean tnly be abridged mar;inelly ounsidered on its
ultimnte utility, These then arc some of India's steel hopes nnd ambitions,
physicael ifficulties nnd ehronie shurtages, whieh however unsurmountable at
first sizbt, would neced to be and are being effectively met and overcome us
ehallenges to Indiun incenuity and akill, T™e serious intensity of the entire
forwerd ;lannin: and eurrent problems would be judned from the position that
produetion of finished steecl Curini; 1962 63 was 3.9 million tonz, a 106,000
tuns  less than the tarpet, The 4.3 milljon 4{.ss tarcet for 1963.-64 nay
however, be nchieved whilst produeticn tar;ots for subsequent years would
suffer due to tho lelny in putting up the Bokaro Stoel Plant for inatanec
the tarpet for 6.8 m, tuns of finished steel for 1965. 66 would be reduced by
900,000 tons owing to delay in putting up the orojeeted Bokaro Steel Plant.,
5. In the ultimate analysis, there may alsu :be some adjustments necessary
such as possible doubling up of Durgapur Steel Plant's annual capacity from
1.6 million iuns of erude stoel to 3.2 million toms by the end of the Fourth
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Five Yoar Plan, It is alse Planned that Bekaro Stecl Plant will be initially
desipned for an ultimate annucl production capacity of 4 to 4.5 million

lens  and may attuin an operaticnal capacity of 3 millicn t.ns per yeuar by
the end of the Pourth rive Yeur Plan - to this eculd be added at lease 1.5
L'lldon  tons ‘yenr from each of two propused Steel Plants to be set un during
the Pourth rive Yoor Plan, whilst the maximum prlanned capacity cf these tw. new
Steel Flants, other than the Bokaro Plant, would be 4 million tuna ;P yenp

of erude steel in euch case,

6. Whilst the foregodn;: reviews the plannin: data, the role of rescaresh and
development themes in Indian steel industry including lonp papgced study of
Indion raw-materinls for taedr expl.itation by techniques conventicmal or
higherto unknown, fmiuses ndditionnl yet weleome responsibilitics on indigencus
research talont .. these aspects of advanee plannin. ape bein: effectively
handled at the Natjonml Wetnlluriieal Laboratury in the fields of rawv-materials!
benefieiaticn nnd proeessin:, burden preparstions bascd on sizing, elassificaticn,
egplomeration ana sinterins cte. in relaticn to eonventicnnl and nlternative
iron and steel production techniques thet are to-day the symbols of inerensed
produetivity and lowered operational and production costs,

Te  Figures 1 and 2 show the map <f India indicatin; the prineipal ircn and
steel producticn centres and resources of raw materinls includin, | rojeoted
Steel Plants ns nlsc the projected alloy Steel Plants ete,

8. I$ womldd he only gight tc realistically introduee an urtent element of
"realism" in the executicn of our leng ranpe and short term Steel Plants based
on closest possible ¢u ordinaticn and urgent sense of responsibility at all
levels of Frojects! planning and thefr implementation; 1t {4 however, not
olwoys s easy in fast developing ecuntries sueh a8 India wherein the multiple
rlanned demands of o free buman sceiety nre encrmous indeed in their seope and
still more s¢ in their offeotive implementation, And yet the challenge nmst

be met, elear and square by the free Indinn seeiety,

Foundry Piz Iron

9.  The eurrent annusl availobfility of feundry rades of Pl iron im estimated
ot 1.1 million +..s shilet the appcoxinng. present demand ns estimated by
trade budies is of the urdfr of 2.5 millicn tons Per year - an carlier

estimite of 2.0 million tons of foundry pi- iron per year is based on 1,1

.
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million tous for centunlin bisted foundiivs o o Comdiibion tone ey
State list i’mmﬁ?‘iéﬁ. the nvadlable 10 mitlion tons 1 veur foandsy Pl v oon

ia distributed in the followine ordors Steed Sorks mauintenenec WG, O tons,
railway slocpers 30,000 tonus, spun pipe 187,00y tons, dircct vrinanes demands
6U,LUU tons, “Xport promotion 50,000 tons, castinegs necded v Yipeeterats fiencral,
Supplies and Disposals 0.0 tons, riilvay miintenanes and otier Uovernmeni
depurtments 50, GOC tons, foundrius chigaged on urdaance contraees 0,k tons,
Central list foundrics L76, 000 wons and State 1isted Toundries 1)}, 006 tons and
roserve stoek 7,000 tons.

Estimates and Planning

10, Whilat estimotes mnde by different Indian industirial arl beade bodles for
total curront requiremcnts of foundry grades of pig iren and those projectod

at the end of the Third and Pourth Five Your Pluns somewhat diffor, It bas boen
generally acceptod that by the eni of the Third Five Yeur vlam, ihe devand would
be over 2,006 mill.on touns per year and 3,462 to o mitlion tons per sear v ihe
end of the Fourth Five Yeor Plan whilst the annuu i vatablished eupecity of
foundry prade pig ivon st the end of the Third dive Yoar Plon way net sxoeed

1.5 - 1,75 my'lion tons thereby making imperative to paisme un uéditi;aai eapasity
of over 2 milijon tons per vear of foundry {ron chiefly Jduring the daurth ¥ive
Year Plan, The jroducticn capacity expoeted by the ond of Lhe Third Five Yeus
Flan would be based on supplies irem the existing plants and the smail foundey
ivon planvs “or which sevepsl industrial leenees Bave slready beon granted in
aceount for 0.¢ 0,8 million tons annual output af all the lieences are aetunlly
nyéré&ed during the periad, 4his veuld Bowovir, mean that an addit ienul %éaasﬁ
capacity of 2 miliion tans of foundry grades of irosm would need to be estublished
by the end of the Pourth Five Your Plan.  The houvy shortfalls iy foumdry iron
production Pigures to day and during conssout ive Plan periods provide suough food
for thought end action ind A challinge indeed to be met. Thilst it may be tha
this shortfali has been inner'ted from one Mlaa tocther, 1! is however, most
neccessury for us to hreny “wey iroem this "heritnge”, The estdnate of 3.3 millien
tons of foundry iron mud.- by Natienal Council of Applicd Feswomic nesenceh for (2%
end of the Fourth Fiv. Vear Plan i¢ however pow recopniscd as low and plans are
underway to establish a capaciiy of 4 million tons or toundry iren sangal outpul
by 1970 71, The Netional vouneil! of Applica keoonomie wescarch patimntes are
based on the foilowing}: ™

'Y
Ronppraisal of Steel Demand, Vel. 1, 1963, Nationnl Couneil of Applied
Economic iesearch, New Delhi,
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i, Pl feon 1.0 lren eostins
ineludin, stoel pipe fittinos 1,377 00 2,232,900

2¢ Pl lren for enst dron ploes
apd anvofnls

Tetaly

b, Curvent jroduction fisures for seleable pdo fron Aurin- 1961 and 1962
are plven In the Tollowine T 51e %f’.i**

Plent f 1961 ] 1962

Tata Iron and Stend Uo, 2,868 21,112 &:@
India Irom amd Steel o, ‘ 267,873 20, 298
MWyscre Iron amd Stecl Yorke D%, ‘e
Hourkeln (HSL) Plooy 9, Y70 60, 296
Bhilad (Hs) P21 Wi, 4a2 3%, %90
Durcapar (HSL) Plant 34,792 325,016
Kalinon Verks Ciarbil) ¥, 255 28,469

D T - —————————

Totals 1,1%,2%

973,311

2N Souda speeind apnd stolpless stcelst

12, FEstimcten for the requirements of alluy, toul, speeial and stainless steels . 'i
have resedved due attention by Indian planners for establishment of requisite ' i
produetion enpaeity,  The suther bad made some eatimates way back in 1935 56 at
the Internntionnl Sveposium o r-andaed by the Nationel wetallurcienl taborator,

on "Produetien, properties and applieaticns of alloy and specinl steela® that

the minimum requiremcnts of the speeial alley steols in relation to 16 million
tins of ) and plodn earbea polled and strueturnl ateels per yaor would be

At the very minimue 0,5 nillion tons which wore adjudued <distinotly to be
vt lower Nico0 It les e e ued thet 11 Indde were to teke her rizhtful
elbree dn the eomity o v tions s 00 L eind aad Leavily incdustrinlisged
merablicg e gustitic D tee miners] potentind ond resources, it wos appropriante
troerr o the B bor side of the estimitos. U should not be overlooked that

Itioeon b C il exa o of by nnd speedel steels Lo scuth Zostern

| N———— e i

it b S e wdndstey of steel and ileavy Industrics, 1962 63,
deot, 4 lron oo Steot,
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Countries, East ision and Far-bostern Countries, wheve such specialised
products should pruve valuable bar -aining eounters for the import of moterinl
resources of which India is sc short. Ais such, a torget of o million tons of
alloy, tool, specinl and stainless steels at the start of the Fourth Five Year
Plan should be set. Sinee ot thc end of the Fourth Pive Year Plen, o produetion
tarpet of 18 - 0 million +tons of nun-allcy steel is to be attatned,
Jaa#respeuding annual target for nlluy, tool, specinl and stoinless stoels would
be 1,8 to 2 millicn tcas  and even this may prove to be somewhst on the iower
side in the hiyhly industrialized requirements of the ern to come. ;
13 The followin; ©able No.II gives o break-up of the alluy, tool, special and

stainless stecls estimates vhish form the basis of current plonning 11l the

end of the Fourth Five Year Plan.

I‘inhhed tonnages
[ ton !

a) Alloy eonstructicnal steel ‘ 250,000
b) Stainless and heat resisting

steols 80, 000
o) Eleetrienl stcel sheets 180,000
d) High speed stoel, tool steel and

die steel : 86,000
e) Spring steel ‘ o 134,000
£) Free cutting stecl 20C,000

%) Low alloy high strencth steels 200,000

1,130,000 tons

or say 1,130,000 corresponding

to anmuel ingot production of

1,89 millicn tons.
14, it the same tinme, huwever, it has rightly been put-forth that the
production of low alloy hiréh strenpsth steels should be planned on integrated
steelworks and not elassified as specinl steels for the purpose of above
estimates. On thet basis, the estimotes of ulloy, tool, specinl and stainless
steels to be established by the en? of the ifvurth Five Year Plan would be
990,000 tcms of annual finished alloy steel cutput, equivalent to 1,55 million

tons of ingot alluy steel output per yecor.

f—+
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15.& the Durgapur illcy Steel Plant of the Hindustan Steel vimited

(Government of India), in the initizl phese, 14,500 “‘uns of tool steel,

25,000 tons of constructicnnl steel; 13,000 tuns of Stainless and heat
resisting steel and 2,500 tens  of ytier nlluy steels - wiving a total of -
60,000 tons of finished stoel, corresponding to o total of 100,000 tons

of ingot clloy steels would be produced snnually - Durgapur illoy Steel Plant
would ultimately be expanded to 300,000 tuns per yeor when the produet mix
would be 25,000 tons of toul steel, 75,00U tous of constructional steels,
60,000 tins of stoinless steels madnly in sheed form and 20,000 of other
special steels, pivin: on annual total of 180,006 tons of finished alloy steel
produetion. The production of substitute allcy, tuol cn! stoinless steels based
on indigencus alluyin: elemonts will 2lsc be taken up at sore of the anlloy steel
plants, such as of the nicel free custenitie stainless steels developed ot the
National wetollurpierl Laboratory and cther substiiute compositions like 202
stainless series ete.. Likewise, researeh and development themes on substitute
tool steels, creep resistrut clloys ete, are sctivoly being pursued ot the
National uetellur; ienl wobointory,

16, laysore Ircn and Steel Jorks ot Shudravati currently under ocnversion to

an illey Steel Plant would annuelly proluce sbout 7¢,000 “ons  of findshed
alloy constructional steels, Totel tonnage of allcy steels for whiech
Industrial Licences hove been . reated by the Government of India amounts to
obout 0.48 millicn tuns Guiput a year ot present,

Ferro-nlloys:

17. Estimites of denaonds of ferro-aliuys huve beun drawn up on the basis of
requirements for plain earbon mild snd structurcl stevls and separately for
alloy, tool, specinl nand stoinless steels; s far as the requirements for

the former are concerned, these wouldl relate chiefly tu ferro-monranese and

ferrc silieon as followsy

| snounl incot { Ferro silicon | Ferro mnagonese
Period | steel cutout } tomaes needed needed annuall
i ver vuk { ocnnually | I y
nd of Third 10 millicn 25,000 125,000
Five Ye~r Plan tens s tuns
end of wourth 1R, illiun 43,000 225,000

Lt ]

Sive Yeor Plon teas tins tors




2. Fe-Si prede would contain 755

bs  approximately 25 1lbs. of ferro- mangonese necded per ton of steel
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¢. Approximetely 5 1bs of Ferro-silieon needod per ton of steel,

Likewise, the estimated requirements of ferro- alloys for non-alley iron and

steol foundry vequirements nre iven belows..

Demands for non olloy iron and steel (

Porro-mansanese

At the end of the
Third Five Year Plan

Perro-manzancse
?artd- Silieon

ibain corbon) fowndry requiremenss

Non nlloy Iron Casiings
ineludin; malleable 4rade
2 m/ tuns/yr and plain
carbon steel costings
110,000 tons per year

2,500 tons ‘per year
1,500 +tons V}?}er yagr

S

At the end of the
Jourth Five Year Plan

Ferro-man;anese
Perro--silicon

Iron castings including
malleable urade - 4 million
tons / yr und steel cnstings
300,000 tons /yr.

5,200 tuns per veur
3,500 +-a48 per yenr

At the ond of the
Ihird Mve Year Plon

At the ond of the
durth Five Your Flan

P

Requirements for ferro
clirome for won-alloy iren
and plain carbon steel
foundry requirements

950  tons /yenr

2,000 tuns Jyear

e L T

The above figures will include some quantities of forre alloys necded for

indigenous production of exo thermic compuunds used in iren and steel foundries,

17.1 Consumption of other ferrc nlloys for non-alloy iren end plein earbon

steel foundries, sueh as of forro molybdenum,ferro. titanjum cte. would be ot beast

marzinal in echaraeter wnd is omitte! from these estimates, For ferro phosphorus,

however, sume provision could be made for the above applicaticns viz,, 300 tips

and 550 tuns by the end of the Third and fourth Five Yerr Plins respcctively,

R o B g s
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17.2 The importance of the esteblishment of forro alluy indurtry to feed the
alley, tool, apecial and stoinless steel industry hardly necds to ve

emph ‘siged when it is realised thot to meet the wanunl requirements of 0,5
million tons o year of alley, tocl, special und stainless s$cols, the
corresponding ferro-alloys requirements would be of the urder of 120,000 to
125,000 ti:ns  per yo.r, includin; specicl types of ferro-man-anesc but
ezeluéiag all general ,urposes ferro men:anese snd ferro silieon needed for the
production of ploin e rbon mild and structural stoels.,

17.3 It woul, therefore, be tppreeisted thit unless a ferro-alloy industry

is now established, the requisite forro nllovs will have to be imported

entailing tremendous forei ;n exchun:. ckpendiiure, the estimated amcwnt sould §
well execeed ks, 700 million o yerr to fu .1t the ferrc wlloys' requirements i

for a 0.5 millicn ions - yenr cutput of clluy steels to be provided for by
the end of the Third and ot the start of obe #ourth Flve Yeur Plans, It is
felt that o ferro niloy plant cupable of prodweins 25,000 tuns of different
srades of ferro nlloys - r yerr should be immediately set up catl it should be
inercasvd in stepped up phasesun to o enpacity of 110,060 to 125,00

tens  per yeoar when lhe alluy steels’ annunl produetion would be expeeted to
be of the order of 500,000 ions,

17,4 Exeepting niekel, aclybdenum and eobalt, resourees of whieh hardly exist
in India, nll other fevrru olloys san be produeed from indiprencus rescurces
on an industricl senle provided requisitc technieal 'know how'! suited teo -
indipenous row materials is veaddly developod  in this task of formloting ‘i

*

indigenvus technienl 'knuw how! consistent with ateentable ceoncoies of

produetion nnd requircments f quali by output, the Nation:l hetallurpieal
Laborntory is now setively en-n ed l.th o laborntory as alac pilot plant

seale resenrel investipatfona, Vith ihis basie chjeetive of developinr
indirenous 'know how! for the produetion of diverse rances of ferro alloys and
for formulatin, cloetrie smeltin teehniques for the indironous aren, & phlot
sub merced cre ferve 2lloy furn:ce wa commisaioned a1t the National ketcllurptend
beboratory with « envediv g < tensof Yifferent tyces of ferro nlloys
vttt ser jay,

YO0 The sutho v hs dven mcie estimites of the Qerro nlloy requiremnts fop
chhoye toolymoeeiol ont stodnloss stocl induatey ~t the Internaticnel

SV dun crcviae i the Nt donad aetslinrdend Labertory in February 19623.
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exnluding: the requircments for plein earbon, mild and structural tonna, e
steels s followss.

TABLE 111

Alloy, tool, speeinl Alloy, tool, apoeinl
and stainless st els and stoinless steols

Pervo alluys eapaeity 200,000 eapaecity 375,000
tons ger year tons & year

{tons/year approx )

Forro ohrome (6%% Cr) . 26,000
Forro. silicon (500 si) 7,000
Perro- manganese ‘ ' 7
(speeinl nrades)(7%% i) 3,000 : 5,000
I%lwtml{ﬂe BORAD w80 :
{99 Mn 3,500 6,000
Forvo tungsten (704 W) 2,500 5,000
Porro mclybdenum (705 i) ' 450 950
Perro-vanadium (500 V) 300 650
Total: 43,250 : 84,600
17,6 Requircments of carbon.fres forro-ollcys and alleying olemente oc
&dvon below, These eatimetos hove been included in the above Table No,11l

for an annunl cutput of 5,000 ‘ons  of elloy, tocl, special cnd stailuless
#teels pey yonr, '

1+ Carbon free ferso ohrome
2.  PFerro-vancdium
3 Porro. titunium

4s  Ferro tun. sten 5,00C "
5. PForrc beren ' ' 50 "
6. Perro-xirecniun less than 50 "
7. Chromium metcl (95%) 100 ¢

8, nongonese metal (95) 100 "
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9. Ferro chrome munconesc deculer lemand of nitrocen beardng

ferrc chrome and nitrided monganese
alloy will be established after the
preducticn of nickcl free austenitie

atninless steel

hns been initinted 4n

the c.untry cn the Losis of resecrehes
uncertnken at the Natowtsunborntory

10, Perro-molybdenum

950 tuns

17.7 It would thus be seen that o elcor scope exists for the produetion
of ecarbon -free speoinl ferrc alloys by alumino--thermie reaetion, to meet the

requirements of the alloy steel industry,

the demand will gradually inevease

to 10,000 +{.us o yoar or more when the nnnual produetion of alloy and
spocinl steels rises to 0.5 million tons.

17.8 The estimated requiremntu of different types of ferro-alloys ineluding
earbon free ferro. alleys 18 stited above are given in the Tnble V for
~respective ostimated output of alloy, tcol, special and stainless steels
exeludin the plain earbon mild nnd structural stocls,

TABLE V
allcy, toul, secial 4illoy, Tool, Alloy, Tool
and stoinless stecls speeinl and  special and
cnpacity 3500, 000 staoinless stainless
tons er year steels steels enpa-
equivalent to pre- eapacity city 1.8 -~ 2
sent licensod 1 uilifon million tons

Ferzo-alloys eapoeity tone per year per year at the
at the end of end of the +th
the 3rd and  Five Year Plan
start of the
4th Five Year
Plans ,

( Tons ) ( Tona ) Tons )
Ferro-chrome (655 Cr) 70,000 14,000 260,000
Ferro-silieon (500 5i) 25,000 50, 000 95,000
Ferro- manponese
(speeial rrade.) (75 1) R VRV C 20,000 35,000
Eleetrolytic mun; enese (994 sn) 8,000 16,000 30, 00C
Ferro-tangsten (70 W) 7,000 14,000 27,000
Ferro- molybdenun (700 ) 1,500 3,000 5,000
Ferro-vanadium (56 V) 7TV~ o) ogg 2,000 3,000
Others 3,500 N\iﬁsm )

Totals 125,000

250,000

-

+63,000

.
S~

.

N
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A more detailed and senarately prepered estimaie of the Corvo allovs reauirements

including the totul exvenditure involved is aiven in labie Ao, V1
_—

3 17.9 A pertinent query mav be raised that whilst the projeeted plans for the )
development of alloy, tool, special and stainless steels and of lerro alloy s ‘__J

have been outlined, what exncily is the current production of these matevialz
in the country. Several Industrial uicences tor the produetion of alioy. teol,
special and stainless stecis have been granted and mosti of ikhe pltants are in the .
process of feverish planning and establishment; as sueh, it would be difficult
to precisely estimate curient productiorn of alloy and special steels - Lhe position
is ravher rluid and rapidly chuaging, As such, exart presaét production sstimates
would not be plausibie whilst it may safely be 3tated the production of ulley
’ steels would be far below 0.1 million tons per year at the present stage of
Z planning. So far as the ferro alloys are concerned, except for the produciion of
% different grades of ferro manganese and ferrc - silicon as indicated in Table V,
there is hardly any current production of other ferro alloys although industrial
licences thereof have been granted by the Government of india.
Andian faw imterials for Iron and Steel Indusiry:

18. The problems of an iron aud .ieel industry inevitably and continually revelve
around its basic ruw materials, production technigues, operationnl sikiil,

efficient plant maintenance ctc. The busiec raw materials for ab Iron and steel

industiry are fron ore, fuel, the fluxes, iron and steel serap ete, i this
review, references will be only made to Indian iron ores and steel making qunlity
limestone flux sinece 'he position of India coal and coke is now well known over
the last decade or two., For Indian iron ores and steel making quality ilux, the ,
metallurpical story has unfolded only during the last few years, indlesting :
specifioally thelr deficiencies and remedial measures absolutely cssontinl:  tho
impact of such revelations hos been rather sudden but it #oes to the eredit of

all concerned that the aceceptance of remedial measures formulated on the basis of
painstahing laboratery and pilot plant scale rescarshes undertaken at th: Nationul
.

lhetallurgical Laboratory, has been equally quiclk., Detoils of these metnllurgical
rescarch investipations and their cconomie implication: vere disenssed wl the
last International Symposium o1 Iron and Steei making wiih speeidd }nfurpncu Lo

| Indian conditions hcld at the National hetullurgica! vaboratory in Feoruary 19633.

’ Iron Ores:

19, Despite somewhat opposing views, i has now been neknovledpeod

in responsible quuriers thuai Indien Iron o.es to be classilicd ns

one of the classic rieh iron ores of the world ray not be
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Perro~Alloys

’ _ o —
{A) To be Manufactured
by Alunino thermic Procesu

7 Fai-ro-Vannd ium(50%V)

g
|
i

(Bstim:tes drawn 1o by the Ferro-elloys

2

40000 150 €50
(eant«;\!)
2] Carbon free Ferro~Chrome 4500 500 1000
Perro-Titanium 3126 50 200
M) Ferro-Boron 9450 15 50
3) Perro~Zireonium 2920 15 50
P} Chromium Metal - 30 100
P) Mangenese teta1 - 30 100
(3) By Electro-Thermic Process B o
) Ferro-Chromium 3000(Cont«Cr. ) 4000 16000
(High C) (654 Cr)
R) Ferro~Chromium (IC) 65% Cr 4500(Cont«Cr. ; 6000 25000
B) Perro-langanese (50% Ma) (I0) 4000(Cont.Mn 850 3200
k) Ferro-Twigsten (70:1) 20000(Cont W) 1300 5000
Forro-ilolybdenum (70%ib) 23000(Cont «Mo) 250 950
7 SUB=TOTAL B | | 12400 50150
(0) Being memufactured in the country |
B) Perro Silicon (507) 1000 2600 15000
f‘ ‘:.?,,‘-7 i ,m BHaan [ 744 ) - . - | , ) 74
. sm-rotal B 3400 18500
,‘ Német poaaibiy be m@nufa.etm‘d- o
| No Indigencus suply.
: } Nickel Pallets {99.8@1) 8300 3000 11000
B} _Cobalt Fallets (56ico) _25000 2 8
SUB=-TOTAL . 3025 11080
B) Blectrolytioc lngcnese (95%Mn) 2500 6000
GRAND TOTLL 21115 87880

grou> based on current pmdicos of farro-allc
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pore 19/20
oé Speciall| T/yr of Special Cost of Ferroe=Alloys :in Ruvee: .1llions ]
Steels
3 4 1 2 3 4
800 1500 34000 13,000 16,000 305000
1500 3000 24250 44500 6e750 134500
300 500 tiﬁ 9635 920 i:ﬁ
70 120 » ol 72 002

70 130 o044 146 0204 379

3020 - 5750 o 54592 182 o 2hI54 &fw% e
24000 48000 7800 3142C0 ) 4650 934600
36000 7C000 174550 734128 1054300 2040750
4800 8500 24720 106240 15436 e 0
7000 24000 18,200 7040% 984000 1964000
1200 o 2hels 4 ei50
73300 143000 50,295 199.860 W60 661,000
. 25000 48000 2.& 15,000 25,000 454000
30000 58000 . 3e400 184500 304000 554000
- 15000 . 30000 24,4900 91,300 1244500 2494000
125 300 +625 24000 Selih 74500
15125 34300 254525 934300 1774625 - 454800
8000 15000 - |
129445 252050 84.812 330403 - 471759 Je3P6






wholly plousivie in g gtrictly mstullurgic.d scnse. the setullorgical
characteristics of » clussic riel irsn ore will vesically depend on the nature and
cheracteristien of 1. inredients ¢ astiluting its roneue p) the lutter's nhysicul
mode of distriluti r ong structur. ] ;asoeistion with metillic velues of the ore ond
the panmuc's scloetive JFesence in diferent ore size fractions, The anpue eontent
of some of the Indfo, iron res resides in the finer are freetiong such us in ~1/2"
which under th, wevily mechanfscd ip A ore aining eonditions now itroduced in Indin
ecn eonstitute botwoop L/3rd to 172 ot the totzl diron ore thus mechanic.lly extracted,
The full impact of e ~roblem with which Indis is foeed, with releting to the release,
storar~e ond utilisetion . f the Busses of iron ore iines t. L. nined during oup
suecessive Five Year Plung “111 maltinly to & megnitude that it will defy seientific
solution unless tdequite tttentiun ig focussed on this importunt subjeet rna effective
stens ure introdueed to utilise such irun ore tines, Table No,VII pives some dote
on the projeetod develonments in iron ore requirements for home use and exnort,

20, The tlove clossificaotion is biised on expected outnut of 40 - 1 million tons o
Year of iron upe fop domestie ernsumbion wnd 25 million tons o year {p exuort by
1970«71, It is &} crefore stressed th.t utilisction of iron ope fines hes to be
rotionally and comprehensively excmined for exnloitution of whot would one dey perhops
congtitute the bigrest nationel wi.ste ol ussets und which no other eountry is likely
to permit in view of the nraetica aveilobility tomday of adveneced teehnology for
their utilisction,

Indian iro R.oxe Lines:

21, Utilisation of iron nre fines in Indic ig complicated Yy the Indian wonther
conditions, The subject wos quite sinpic when Sand=mining was rosortod t., and
selective mining yielded lump size iron ore matericls from which the lines wepe
disearded in situ, However, with the introduetion f heavy mochanised minin,
separation « £ the ope fines Ly menual methods {ram Lhe tumps cannot he atterpted op
successfully teeomplished, It is thus »bvi,us that all the iron ore fines would
thereby be gent to the ore hendline and serecnin: lent longe with the lunpy materpin)
which ean cause severe comnlications under Inding weather conlitions of hervy tronieal
rein, 1t hus veer tle experience in India of the sleel Plonts thaet under Indinn
tropical weather eonditions, the sercenin and the endling systems hecoume eumpletely
blinded an? choked due to the muddy conditions ctuged Ly the aetion of tronieel roin
on the admixture of jrop e Tines with the luepy retericd, It is in this eontext
that the entire subject would have verhaps essumed somewh 4, less sirnificance and

importance, hud it not, ciused sericus difficulties end Dlent dislocetions in nre

hendling und movement coused by blinling of the sereens during heavy rnonsoen roiny
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22, In tie absence of suitablec ore handling, scrccaing and benefieiution nethods to
srevent the blinding of the sCreens, such as throw h wet scic CRibe and sorubbiag ’i‘.hnﬁ
iron ore followed by dewatering classifier. trectaent (the slir.o contaising at times
upto 25 = 40 insoiubles), a modera ore headling and sercenin, vlant involvipg eapilcl
outlay of several crores of rupees cun be ultimately even though nag vstically brought
to & stand-stili. 4s such, the (stablishnent and opersticn ol = sminter jroduction
2lant which naturally consures thesc iron ore fines, is scriously bindered, if not
altogether blocked, It ig thus of Larumount irportence thae all aveaucs should bhe
explored (1) to separete the fines from the lumpy iron ore raterinis boti in fair ond
rainy weether and (2) to utilize the ‘iron ore fines thus scparated to the paxioum
national advantage for hae smelting., seiprebensive investigations have been undopr-
taken at the Naotional setedlurgical Laboratory on pilot plant beneriecintion investi-
setions on Bolani iron ores for Durgapur Stecl Plant, Bursun irou cres for dourkela,
Kiriburu iron ores for tho Nationcd iinered development corporation, iron ores for tic
Tata 1ron and Steel Jorks and sajhar: iron are;s Tor Bhilei Steel Plant ete, furthoer
investigations will cover iron ores from Boiladilla, Taldihy Sasungdak aad other
captive mines of sindustan Steel Linited end of private sector Stuel Plants in the
emtry.

23, Perhaps tho nost liportent metiod of utilizotion of iron ore fines is the use

of sinter including seli-fluxing sinter, The use of sinter in “rou snelting boih

of self=fluxing or non=fluxing is nc longer ¢ field cerely of academice intorst .
Presenting sny unusual fenturcs that e ot least unknown. 411 the wnrld over, iron
production plants nre operating witl as pueh as in veost cuses 100 sintor chirge witl
considerable increase in iron productivity based on low fuel retos, fhese sintering
techniques utilive aliost the entire iron ore fines releascd Quring mechaaized nining
and offer acceptable solutivn in two weyst  onc being the offcetive utilivetion of the
iron ore fines which ciicrwise will presunt scrious disposal il storage srobloss and
the other, effectively inercasing tle netal irea cutput by extracting the aotillie
values of the ore fines invodving ruluced fuel rotos througii Lhe cwdiae off bae sinteoer,
It stands to reuson that of 10C units of nechanis i riaed io0n orey, iU 40 units of
iron ore fines wre to be discarded, tic cust of ..inin, Goerttion widll be jligi. It
is therefore hecessary fron considerztions bused oy cost Hf candie sloae to util iy
these 40 units of ircn ore, fines by cli possible teclniques “eceytuble under Indjon

conditions of wecther and ogcrationei facllitios,
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dee  aven whoPe ores of Luod quality op. availably, sueh as in the U58a, sinter
production is rosorted to caswre orcs i uniforn qurlity and yield o sclf-fluxing
berdin o theblaat furncecs  In the cosc of lupy iren crom being fed intc the

blast furnaces in indi. duria, rulny s.ason, eonsileridble stount of iren ore fimes
tenncicusly adherc to too or. lups, It tlomeiren ore fines are roneved from tae
lumpy material by sinple tro tront suel s wishine anl serubbin, rnd wos sercening,
the lumpy iron orc wctericls would gFeaont to vhe Plosd furnate omxinun burden
permesbility yicldin, incro oged productivity.,

25, #desearch investi ations u. jertdten by the h-ticnsl wetnllurgeal Lzoboratory
during she last £ w yonrs Love undoubtedly erouset the intercst of indian iron and
stecl industry in not only fully oorcescting {he cosirebdlity but olso tle seiendifie
necessity of adoptin, optirun benerieistion teclniques in thoe eontext of Indian
weath.r conditions couple: with char-eteristie nzture and quelity of Indinn iron ores
boing exploited. it hus been shown thot o Sinter Plant opersting with unbencficinted
iron orce fines will act yicld the criermanec cxpceted of it,  This is distinetly
npart froa the josition that «ven sheuid it De possible %o handle and sereen naturel
iron ore fines in Indisn ruiny weithery, the sinter srodueed from naturcl untreated
iron ore fines will be vetedlurgieally of dttle value in torne of inercased iron
eroduetivity, lower.d coic and flux ratos spaPt fron onsuring smootl and hengingsfroe
furnace operations, It is not aercly neccssary to produce sinter at ony eost and of
ehy wrade but in order ¢ cbbuin frow its use full iron output ;u;teatial, it should be
of ¢ good metsllurgical .rode with distinet well cstablished benefits arising through
its applieations It should also be borne in nind that 4% is nceessory to ineorporate
return sinter fincs in the sinter Xy which following almo requisite cdditions of
bigh=ish ecolie breeze villi rake the seid contents (alumina and siliea cimbined)
shnorinally high in cyelic sintoer ftocds,  Sueh succossive ineorporation of retusn
sinter fines in the sinter uix nade up of unbencficiatod ore fines, will continuously
build up the acid contents of the sinter feed to on slurming oxtont whieh in eyelie
operations will render the resulting, sclf-fluxing sinter of Q0.1 physical stremgth
and metelluraieal volue te ho accoptnblos  Thes: undesirable faetors exercise
cumulitive deterior:ting, offeets vLen the sinter ,lunt s0es iato continuous produetion
Yreldang wenly, Prisble and POerly rodueible siators mode nut of unbenciieinted iron

ore Fines,
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26.  Limeston. is the oat Laportent flux used in iren nnd steel-paging,  whon th.
steedl output in Indin ves stadly linestone with loss then ¥ insolublis could be
obteinad, dth ehe beevy demonds Lp the oxponding iron ant stoel industry both in
e publie wnd privaga scetors on lincatone, the quolity of the liatter has deteriorated
Fapidly with insolublee Therein rising to 12 - 13 causing Leavy deficiencies in the
fluxin power of the lirwat pne for stecl-making turning it into "slag making® both
Literally us ulso sebaphor eplly, Kealiving thae inpertanee of the subjcet tje
Nntional Metu)lurpiesni Laboratory as during the lost f .y Years undertokon series o1
fuvestigatione 1or sobioun ceonenie benefieiation ang Gesloneration of lirestone fog
stoelemrking, For limostone to be ys. 4 s metnliurgienl fiux in stcelwmaking,
maximwn aveilebility of bLase ©al is neccssary and vor that purpese aitices content

of $he limestone should be jow 80 that it8 Un0 base is not used up in {luxing its

own silieca at the cxponse of the aeics rrizing out of the oxidation of netelloids

in o steel-usking batl.. suel a8 silien and H.ZGS wiieh bave, of necessity to be

xed into the slog, Linestone for use in sbeelwmoking should contain very low
stlica couteats oPefcrably of the order of § - 25, sven thoug!s the open=Loarth groade
Indian linestone is specifiod to econtain net ope than &5 neid insolubles, eorrespondin,
to sbout 7.5 totsl insolvbles, 1l quality of the Indian limestones used in steole
roking visesevis their silien content is deteriorating wnd the insolubles in lineston.
for steelemnking are now of the order of 12«1%.,  Tith these poor grades of limestone,
produetion in the Sv..) Plants can bu adversely affoetod awart froa the sperational
diffieultics ariring, maek g of poor Lesteexehongo botween the furnsee o808 wnd

the stecl bath 2wasing domage to the fupnace r - { thervhy, Ligh consunption of the
limestone itmelf in ordor to Leet flux needs of the neids resulting, fron the axidation
of metalloids, danger of reversion of phosphorus from slag o netal during steolw
refining duc o irnck of sto 5i1i sing bose in the slag and dongors of of f=honts ete,

The liny slax eover © g AL da 0 o0l Leat insul tion nve» .. moltun netal bath and
with inerese in its tLicknoss, the inadequaey of cffceting noxirum hentecxehange

80 necessary in openehonrt!. svoelmmaking, will beec . GppiTent eonusing less of steol
output and higher production ceostay, hinvy wintonane CRpeNsery etedy the curmilativ,
effeets € those (notors con be far "wre adverso than is fully reelized,  Linestone
used for ecaleinaticn to Yi-ld burnt line is spce.iied to eontoin o total 1 reid

insolubles corrcaponding, to 1 total insclubles.  The burni 1ir. is i.lsc used in

the open<honrth steole: wting v neet Inovitabl, deficicnecs of the buse Uud during
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refining stages of opun=honzrth stuclencking, ity however, through suitable linee
stone bencficiatiin, silics cuntunts of the liccstone ean be reduced to about &,
adequate Cal basc would thus be aveiluble nnd as such, additi.n of burnt lime duiﬁg
steel=refining nny not be nocessary, wirch. would ncturally acen savings .n the flux
costs considering tint ile burnt li.c costs epproxXinateldy three times thot of
limestone.

27+ The meverity ol the problen will be renlized when the stecl sroduction in Indig,
projected at 20 niliion tunas of stecl per yewr ot the end of the Fourth five Yeor Plan
has to be physically ntiaincd - the eontrast vill beeore shaxrper with increansing
deterioration in the yuality i metadlurgiecal grades of limestone and lack of its
edequate indigenous rosiurces. it woule $horefore be appredictel thnt hencficiation
of Mmestone for steclemaking will become o erueisnl metallurgical necessity, if not
an absolute econcaie noeossity., 1t has been argucd that any industrisl applieation
of beneficiation techniquis must be bnsud on vecnumie advantages thereby reeruing,

48 such the bencficiativn costs have to be adjudicd in the ultiuate cnalysis against
the lowered consumption of the lineston. tlux, seccleration in steelencking following
on inereased reectivity of tie up—zval.i lime 4 nc coneentrate, reduccd possibilitics
of offegrade stevl honts and less drusnge to the furncee roolyete, It will be
difficult to straightawny evaluate the improved eccnomies rosulting from the use of
beneficiated limestone ot thia stoge oven though tiere are clear indiestions thereto,
It hoe been shown in tlese investis tions thot tlhe up=yraded limestones can be
adequately pelletized witheut expensive bindors and the pellcts possces ndequate
strength for handling ~d | roviling nucessary lime boil in openehearth steclemaking.
An extremely well=cquipged and fully integrated lineral Beneficiation Pilot Plant is
currently in full operation at the Hationcl wetaullurgieal Laboretory, with o egpacity
of treating uwpio 5 tons of o particular ore per hour depending upon its nature and
conevntrate needed, invulving o eapitcl outlay of Rs. 530 lakhs (about & milliom
dollars) during the Third Five Yenr 2lan.

8. The use of buneficictod lincstone in iron-mnking in the blast furnace has not
been taken up, ovea tinou, . incrensingly high ash contents of Indian coke will require
in turn additional quantitics of the limestone flux. The licstone briquettes
required for blast=furnae. have to be exeeedingly strons unless the upgraded limestone
whieh is in tle oro of fines is dircetly usod {r ownking sclf-fluxing sinter, The
vreduetion in silics contont of tha bonctieiatoed 1i..stone for use in iron production

will Lave to b bolineed noninst tine nigh clunmina contents of Indian blast=furnuce

o « . . N
shoas voquiring eort i niow silics values trerein !,




LLron £aductioy 2lont st
/Y9, The duportance o s1.11 Pintvs cor diron pecduction s boen foeusse! by the
i X .
siaticaal aetellurgical Lutoratory through extensive Pil.ot Plimv Arinds ol itas bLow
Chift Purnace 2ilo . £irce;  releveut vochn.end results ool rosormendats ons were
presented ol the lust Tnternation.u oyrgosing on Mron and Sloclenuhing +ith particulor
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Cfuwerence to Indien coniitions™ Ledd ot the hovional wmetodlursionl Lob rotory”t M,
+ha subJees loas alse recenvly been aptly diseussod and wodl sdvsented by Dastup ™’

+t
{
: A

aid by Dowdin, ond vhotin', Sir Jebsnedr Ghondy in one of bis iddresses” hea clso

wp¥1 gpresented the scop. f snnll sronmieking oind sbeel Plents Jurtieuloacly under

- «hdian eoniitions.

-G Beveral industriel iicuncus cave beun graneosd Por small foundry ironencking
vlonts in the country besed on regienel utilization of raw-matoricls.
3. In most steel proiueing esuntrios to=duy, tiic flourishing of both big and amnldi
lonts dimpersed on the basis of rawesatorinle' rogionsd distribution ond transsert
E
facilitder is citen wet with, dven in the ‘mited Statee, there aprc scversl small
’

z

plants with en wnnual copacity ol o fev bundred thousand tons whilst integrated iron
and stecl complescs of over 6 nil

licn tons aonual espaeity do not vxeewsd linlf o dozen,
Likewige in Japan, new mucll foundryr iron plants arc eurrcntly being cstablishel, while:
there are o number of sucll slunis successfully cperating besides integratol iron and
el complexcd wbolying ns if it were, the prineiple of Mwalking on boll the loga',
The swall pleats specificelly eater to the re ional requirencnts of premium quelity
iron produetion.  The erglanation thet the siicld plants nay be carry over from cerlier
lays is only partly valid since new sunll slants arc also buing concurrently establiched,
lhe parallel growth o integrated iron and steul cumplexcs and small foundry irun
Plants is o step in tle right dirccticn beth in advenced und under=develosed countries.,
The total indigenous fabricotion f suclh suell plants in Indic toeday is o Pullesenlc
2or8ibility wnd woulld encourcce the oFowlh in turn of reletul engincoring, industrics,
The growth of the sanl:? iron=naking, J+ents ceun be bosed on tlo use of surplus nut eulie
from integrated steol gdtnts, or elécernative fucls, suech as low terperature carbonizol
coke or lignite coke node froa Neyveli lignite ia South Indioe. The industricl senle
eroduecticn of low tersercture eoke (iiodsit) iror Singereni aon-coling ¢ools Las boen
weld estubiislod by Wogionud Sescorcs Lobe robery (Lydershad) off the Jouneis o
Seientific and Incusiial s scarel, anoextended rullese do trials on  rep smelting
iB the Low=shert Fumiiee 291t Pirnt oo the seiienal wetnllurrienl Loborat Ty, woloat

proved en ileal fuer Jox ipoa sTodieticn = wqueldly Fovourebie 1osolts o . cebiivr
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with low terporetuore co 0 Db B G e hiia o ls £00 tie dengnlesicer basin,

The low bergperatur. o0 s 0or oo oty 1o or cetvdans ek oaut el which
itself is an alt eactiv: pubmstop -0 S 1 ©0F Tvon o odt o5 L Jowrdey drun produetion
through eleetriec @cli’n g cian Foosibl in foe e s eHMRENELY Lredocted in
dajasthan and Soutlh {00 o G s L loetie oot rotes oro avaiieblo. The

shove possibilitics Joro Lo bosiv 4o N Lr oo P obnlustol ilevnecs Jor foundey

iron preduetion in tho Purjab, Antire Srofesty degosthan, Coksrasbbrs C7ostern Indic),

I

Goa rnd Orisst ote, »Pilse sivilor ipstalloti rs cre hein, ctively eonsidercd in
Gujarat,  Likewise, smoll foundey iron bicst Lurnacos stisen. . © $he intesratad
Hinduston Steel flants oo "etcdlit " ipeiadloti s ore ols tiing ourrontly ecusidor.o,
A smoll foundry blost furnieo with the sindeus of reehanisation of 160 s aily
cutput, with $wo-thirds of its eloansed kas blooding and sand bed cartin, hes been
rost successfully :nd ceonciieally coerating in India at Barbil {(Orisac) for the lest
scveral yuars, ori inelly cstablishol with a erpitel cutlay including housing ead end,
of about da. 250 per annuel ten of ivon, it vould indeed be Eard to put up o biy,
blast furnnece to=doy for {oundry ir n sroduetion on idemnticel eunital ~utlay per
anpunl ton of iron,

32, A modern high outsut iant blast fumnocce witnh ndl its letost ingenious and
vXpensive auxiliarics, is intrinsierily on Bighly coapited intensive unity nope o

if its eapacity is uttlizid serely to produce a velatively low eost, intopnediate

and erude produet viz., foundry 5. iren.  Tius to utilize the iant blast furnace
with its high initicl enpital inavestoont and avor=Lieads of lLecvy, intesrated iron and
steel complex for foundry ie n=meking may in sost easce act be nitogether neeeptable
on eeccnonie grounds; in the ultimuie enalysis, howevery, it wiuld tanteomount to
producing a erude suni=finished produet in » heuvily eapitnlised integrated iron and
stecl eomplex, instead of _iving the =.1e eruie seniefiniahoed produet its logieal
steel productenmix, whiel would thereby citeetively ensure naxiium ecopital returns

und dividends on the Leovy ennital investiront s, Thus, any foundry ircn made in

@ honvy dron end stoed eoyles wull fa post enses be ot the expense i ecrresponding
Wouet (renter cutput 0 steel opt Cts finisio! Lich premiun product-nix, yielding
thereby unfaveursbl. oo 491 returns. b arddy xueessaﬁry to dndieate that
Inteareted iron and stoecl bases ore n rraldly well balanced eorploxes, &t the same
tice it e o bi=bnoam toeooy thet bl oring rolling-rall ennacity is nornially kept

vl surpdus vooro bk b i ) stedde el potentini in o odern, intoegrated
roroand o stoodl heady 0 s thoaddil ity woudd encbic th. soerntivn of the blost
o §




furnace plant oxclusively un basic iron for stoel=acking., in this ccuntry, integratod
steel plants have hitnerts supplicd the mejor foundry pig iron requiraonts of
engineering industrios, 2rior to lest World Jer 11, hcwever, tie spread over of the |
dertands of asteel end-)roduets did not follow any uniformly planned or steady patterns §
thereby making roon for switching over of iron-iaking eapacity fren basie to foundry -!
sFodes of pig iron, Lo situation Los to=day undergone radienl changes, amply §
Justifyin, tl¢ stond thet the responsibility for foundry ironeacking should progressively
and exclusively pass on to non=intcgrated blast furnaces.

33, éorddewide trends in generzl fovour the production of foundry iron in relatively
smaller blast furnaccs, 1iIn indie, the reserves of metallurgical &rade coking coals

are extremely joor, ostimated ot about 1500 nillion tonalo. The operaticns cof big

blast furnaccs are dependent upon the use of optimun siged s0o0d srede pietallurgical
Guke home made or juported. It is thus emphesizcd that big blast furnaces should

be used for making unly basie iron to be refined into steel and finally arocesscvd into
specific productemix, whilst the smelting of foundry iron ought te be undertaken in
cumparatively sonller blest furncees which can operate on alternrtive Indian fuels

referrcd t~ earlier. Sucl measures would be ietallurgieally feasible and economically
acccptable and from the standpoint of Mghly scanty prcved resorves of indigenous
metallurgical fuels, perheps offcr the only sclution both on shorteternm nnd long=range
basis. The opportunity thus exists of bridging the present gop between the demand
and supply of foundry erades of pig iron snd of onsuring additional supplics for the
futur¢, independently of integrated iron and stecl bascs ourrently in operation or
those plinned.

34, India is a land of long distances involving heavy reil freight costs which can
more than offesut any inercese in the iron procuction costs in small regionally
dispersed foundry iron-moking units; the lectter can woll pottern the intanden

srowth of meldium and light enginecring industrics region=wise, over n thousand niles
away to the north anl scuth of the nejor Indicn integrated stecl plants loccted to=day
in the Bengal~Bilare.cdhys Pradesh belt.,  This then depicets tic jenerel ladian pntiern
of foundry iron~moking in small plants in the broad sgectrun covering the growth of
iron and stecl industry in India sincc tlc last World wWar. Tho subject Las been
critically discuss.d at diffcrent plotforas in India and abroal by various nuthmrsll’lz
including the last Tnternationsl Syriposium on "Iron and Steel=moking with perticular

reference to Indien conditions™ hell ot the Nationel wetallurgical Laboratory in

February 1963 and eerlier in Februery 195% on "ron end Stecl incustry in Indi.",




Figure 3} shows the Low=Shaft Furnace 2ilot Plant of the National imetalluriical
Laboratory which has pruacduced severzl thousand tons of founlry rades of pig iron
from regional rawematcrials fron different parts of India since it went into operaticn
in Pebruary 1959. Uhe results obtoined on the metallurgical fcasibility and econonic
accoptability of iron smclting with regional rowesaterials in the Low=Sheft Furnace
Pilot Plant have becn very veluable in deternining the growth pattern of [ undry iron
production in small Plants.

35, Pnat developing countries such 2s india have fully realized the importonce of
well=knit and integrecel iron and stosl boscs to feed the ehainercaction growth of
secondary and proccssin, cngineering industri®s tlat in turn forn tho bacicbone of
consumer industries catering to the rultitude neods of diverse products cssential
both in times of war ond jence. Whilst the iron cund steel industry is highly capital
intensive, no country cen afferd to leave it to the vagaries of internctional trade.
The ﬁue of such an industrial developing econony in under=developed ccuntries would
however provide the basis subsequcntly of growth on "onus own legs" and not an alien
superstructure based on the imports of irer and stcel that is unlikely to withstand
the stresscs of peace and least of 211 the stroins of war. The establishment of

home iron and steel industry provides in the ultinmate anulysis o self sustaining
esonuny Yo assist o fost develuping country, such os India, to the stoge of an ecomomic
"take=of£W, )

36. Such growth pattern of iron and steel industry in Indin in her econcuic developuent
Five Year Plans has not boen without its inevitable tale of sweat ond toil through
which India is pnssing in its steady yet surc march in not only attaining sclfe
sufficievney in iron and steel but zlsc in hor ultinate objective of beecning a leading
iron and steel producing country in the werld,
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1o Proceedings of ihe Iernetionul Sysposiu, on e

"Ferro=alloy industry :n Indlo" organised by the
National ilielailurpical Laboratory, published in

1962,

2+ Publication issved by the Iron and Steel Institute
(UK) contoining the pre=prints of all papers
presentel et “he J-ternational Srmpeosiun jointly
organised by the Na‘tionn, devallurgical Laboratory
ard *the ludien Institutc of Motals in collaboration
with the Jion and Stcel {nstitute, London, ° :

3, Dr. saN.Lastur, 5tec) gnd Long~tern “Mamning, an
Address Yo the sdministrative Staff College,
Hydercbad, on Feb ¥ 2R, 10483,

4s Lr, MyN,Dastur, Sieel in Tadin - Heonemie and
Technological Possibilities, The ith
Bir M. Visvesvaraye Lecture delivered ot the
4lst Annua) Convention » Bombay, on February 4, 1961,

5. Dr, A.B.Chatterjen and bBr, ByR.Nijhuowan, Iron
production in low=shaft furnacc plants with Indian
row-natericle, Notionnl detallargienl Leboratory
Symposiun Volume on 'Recert developmerts in irons
and steel-making with species seference to Indinp
conditions’', Iobruary 1963, :

6. Mr, P,H.Xutar and dr, B.E.Nijhawan, Some problems of

iron=- and steel-making in the Hindustan Steel Plants,
! Publication icsied by the Iron ad Steel Institute
(UK) containing the vre=prints presentcd nt the
Internationel Symposium organised by the National
Hetalluraical Laboratory aud the Ludinn Institute of
Metals in eollohoraiion with vie Iren and Steel
Inatitute, Lonlon.

Te Hesore, P05, ARy GV, Sobromanyn and
G.Posinchur, Don-ticiat M, sintering, and processing of
rav matericls {50 the @ von and sieel industry,
publicatior is ucd by “he I-op nnd Steel Institute
(Ux) containing the Pre=prints Lresented at the
Internazion:! Syryposiunm orpanised Yy the Nationol
Hoetollurgicnl Laboeatory and the Indicn lnstitute
of Metnls in ecilohoration vith the 1roi and Steel
Inatitute, Londen.
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8, dessrs, M FP.Dowding and i,N,Vhiting, The ease for
100,000 tonnes/year integrated iron and steel plants
for emerpent countries, publication issued by the
Iron and Bteel Institute (LX) conteining the pre=
prints presented at the International Symposium
organised by the National Metallurgieal Laboratory
and the Indian Tnstitute of detals in collaboration
with the Iron and Steel Institute, Londone

9. 8ir Jehanpir Ghandy, Outlook on Steel, iddress to
the Defence Staff College ot Welldngton, on
February 22,1963,

- ¥0s  Pry Bk Nijhawan, " ‘on and Stecl Industry in India,
 Bymposium volume on ‘iron and Steel Industry in
India', pe332-337 held at the National Wtallurgienl
Laboratory in 1959 (February),
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