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1. INTHODOCr ION 

t'o;;«fer metallurgy (P/M) is no~ a well~stablished technol·J9Y for 

tha mass production Clf cl laqe v.;ariety of structural parts and components 

such as bearings, gears and pinions, cams and sprockets, pulleys, piston, 

filters, tool bits, ~agnets, friction materials, electrical contact 

elt:m>.!nl:> anJ components from refractory metal::; and a host of otht~r 

r:onaporK?nls, utilising metal powders. The baslc st~!>S involved in P/M 

techncbgy are ·production of the powder, mixing and pr~ssing/moulding 

into shapes and sintering. These may be follo..ed by other manuhcturing 

s~eps such as sizing, coining, repressing and resintering, forging or 

metal infiltration as the case may be. The principal advantages of P/M 

component manuf ~cture are: 

i) Efficient us~ of raw materials a~J en~rgy 

ii) Production of parts and components with close tolerances 
whj ch require minimum f lnishing o~ralions .Jnd li tllv 
machining 

iii) Eliminallon of pr3rluction steps 

iv) Production of complax shap~s without any of the additional 
joining techniques required in alternative production 
techniques 

v) Flexibility Nhich pe.rmits infinit~ adjust:nents and mc.difications 
to component :ndking for diff er~nt end-uses 

vi) Production of certain components which can only be achieved 
thr-;,ugh the P/M route and 

vii) Eff icit.?nt u!.~ of CJpital for ltv:~ production of pans. and 
compon~nts ..,j th hl9h technoloqy content. 

2. EAHLY BEGINNING OF P/M IN IN~l.\ 

Thou~h P/M technology as it is koo.vn and practised to<tay is of 

r~cenl origin in lndla, the art ~nd techniques of the use of m~tal powders 

were not unknown in lndi-3. Tnditionally, metal po~ers especially yold, 

silv 1~r, copper JnJ the likP h.Jve been ln c:onmon use for meaicinal 

preparations in the traditional ayurvedic system of medicine over th~ 

CC!nturi~s. Meld powders, especially iron po·"'der1 must also have beon used 

for o l.h<!r pu r !•O!.f!S. An P,J r l y "';\J1nple of I.tic ut.e of IJ)(t ta l powd~ r is 
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the f dlllOUs AShoka pillar at Delhi weighing about 6t tons •hich was 

fat.ricatetf by consolidation of iron powder. It is said ·that even larger 

objects were produced during this period based on the traditional art 

and technique of po~Yder l".etallurgy. Metal powders ~re also used 

extensi;rely for 7.a.nuracturing casting· a.rticl.e~ of every day uae 

especi~11y those made of brass. 

3. GP.OOH OF MODERN P/M INDUSTRY 

The first known modern ind.:c;i-rial applicatic.n of P/M in Indh 

was in the hard metals sector for •ire dra~ing dies, percussion tools 

etc. Today the installed capacity f~r P/M in thP. hard metals area is 

7':.JO tons per year excludi:lq the captive cap.1city in the defen.:..~ 

establistvnents. In the latg fifties, India also started the mam•facture 

of self-lubricating iron and bronzE: bushes with imported raw materials 

and equipoent. At present '1owever mos!:. of the raw materials reqvired 

for these P/M pr~ducts are being produced within the country. 

With the development of the aut~.nobile domestic appliances, business 

machines and other industries, iron powder, especially in the form of 

sintered products and coilponents, cafllo-~ to be widely used. :oday over 

'~000 million ~int1Hed pi~ces are being produced in the organised 

industrial sector of the country and their production is rapidly rising. 

In aa • .iition, there are number of units in the small scale sector which 

produce a wide vari~ty of P/M products for which the statistics are 

not readily avaihble. 

Subsequent! y, non-farrofts powder metallurgy espechll y copper 

and copper alloy powders came to be applied tc the manufdcture of a wide 

range of product~ includintJ electrical contacts and brushes, friction 

c.omporY·n~, fl ll~rs .lnd othl?r pornus p,Jrls. With the improv~a.ents in 

powder production, conf>olidation processes and equipment, further progre&s 

was made by the P/M indl>Stry~ A large variety of non-ferrous powders 

such as copper, zinr., tin, lead, alumini•Jm etc are now manufactured in 

the countryo Today, the P/M industry h~s estatlished itself as a 

c.ornJ.X!litivr.: alternative process for the manuhcture of &t.ructural components 

for automobiles, domestic appliances, business machines and the like. 
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Hard metals 

The principal P/M products in tha hard metals field are cutting 

lip~ for machine tools .rnd Cl!ramlc co.1ted lool Ups over h.trd metal, tool 

inserts and disposable brazed tools for one-time us~. Percussion tools 

with P/M hard metal tip are widely used in mining anJ quarrying operations 

such as coal cutting, rock drilling etc. The current production is around 

400 tons per year both for domestic consumptfon and export. The three 

major units in this field are •idia India, Sandvik Asia and lrdia 

Hardrn~~als. Unlike in the early ~tagrs, the entire manufacturing 

is now C:lrried 1>ut indi9eoously from tlae raw materials to the finished 

pr~duct using mostly uolll'~sli~ and some imported raw materials. The 

total value of tl-ese P/M products is possibly higher than that. of all 

other P/M products used in other areas. P/M is also extensively used 

for cold headi~J tools such as wire dra~rng dies, bar drawing dies and 

o;:.her wear applications. 

Refractory metals 

With the devel~pment of the industrial base in the countr/, 

the use of P/M refractory metals has extended especially for filament 

1n.1;.;j1ac1 In Uu? ··lec.Ldc !Jmf• 111,lu~.! ry, rc!.i:c,t.mco wires for Curn<a.;o 

w1 nding and o~her inJustrhl af)plications ~re high temperatures are 

invohed. 

Ferro~ P/M. 

lion po~der especi1lly el~ctrolytic iron powder has found a 

nur.iber of special uses in various industries. It is also extensively 

us~d in the mJnuf~ctur~ of sJntered products, especially for use in the 

automobile industry and in manufacture of domestic appliances. Olher 

m 1 , ,,, .. ppl i <..1 l h.1ll!. .al•! 1 n th.-• ..cl.Ji '"-J e I <KI. rode:1s 1nduul1y .. nd ln lhtr 

fon·uus founJries as ..ell a.r, for non-destructive testi01:1 of ferrous 

dOd non-forrous components. 

In th~ chemi:al indut.tries iron powder is used i) as a catalyst 

in or9dnic reactions, ii) as d cllc1mical reagent, iii) for carbon estimation 

ond iv) for textile dyes. It i!O c.Jso utili!ied as a filler in epoxy resins 

~o increasa their strell\Jth, h~rdness, we19ht and magnetic properties 

and ah::i f' r colour matchi-v,:1. 



In the pharmaceutical industries, iron powder is used in the 

manufacture of iron citrate, glucon.:stes, fuoeratas, succemates, sulphates 

and EDTA salts. In the agricultural sector, it has found application in 

the magnetic cl~aning of seeds, and also for enrichin<J animal and poultry 

feed. 

4. IRON POMDER ~O!)lJ~TlO~! 

The powder metallurgy industry in Indl~ is rel~tively small and 

of rec~nt origin. Iron powder is pr.aduced by the electrolytic route, 

namely by the el~ctrolysis of ferrous sulphate. The total installed 

capacity is around 1600 tons per year. Most of the units ar9 in the 

small ~cale 6~clor with product ion cap.1ci ties of less than 50 to 100 

tons per year. Some of these plants are not ecr.1ipped with appropriate 

f aciliti:s for annealing, quality coJRrol etc for the production of 

quality iron powder. Due to the high cost of power, the production costs 

have risen substantially. Consequently, the operations of some units 

have becoire unecon~mic, as their product is WJ longer competitive in 

terms of price and quality, leading to low utilisation of installed 
i 

capcicity. 

Dem.md for l ''~°- _J_~"!'!e2:. 

The domestic de;u:ind for iron po~der is estimated at about 3000 

tons per year constitutin<J 1200 tons for consumption by welding ele' trodes 

industry, 1500 tons by sintered products c1nd JOO tons by other applicattions. 

As new plants have ~en set up $ince for the manufacture of sintered 

components and the exislinc.J plant» hdve r·icpanded their capacity, there have 

been significant increa~es in the demand for iron powder in India. The 

current demand is a1·ound 3100 tons (1984~5) and it is expected that this 

would rise to about 8000 tons in 1986-87 and to 10&00 tons in 1909-90 

(1 bfo 1). Jn view.,, lhQ i i~ln<J c.Jt?"rnand, ln1Ha has had to resort to 

su~ tantial imports of iron powder to meet the domestic recuirements (Table 2). 

!his fa.balance is sought to be remedied by the creation of additional 

cap.lcity fo:r the production of iron powder of various grades corresponding 

to varying bulk-density a°"9ranulometry to me~t the diverse needs of the 
~ 

end product sur.h c.s mouldi09 grades, welding grades and other applications. 

~. lN~TIUAL A: PL.JCAT IONS Of. HUM POWDE~ 

Ar. menl iomnJ .,t,x,v11, lht' 111-.Jjvr irkflJl. lrl .11 ur;es of !run powder in 

lndid dre ~t prcs~nt for the production of sintered components and coated 
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welding electrodes. In addition some small quantities are used for 

scarfing cuttirw:i ~nd other applications j.n alloy and special steel plants, 

found.:. ies etc. 

Sintered components inaust:n: 

Until recently there were only three major producers of sintered 

components in the country but now there are as many as 14 units (Table 3) 

who are engaged in the manufacture of sintered nroducts fro:n iron powder. Of 

th~se, five are major manufacturers of sinter products who between them 

consume at present 50% of the total iron pol.Ider consumptfan by the 

~intered products indui> try. Three new units are expected to 90 into 

procJur:tion our i nq the !>ev~nth Plan period ( 1985--?0). The present 

consum;;tion of iron powder by the sintered components sector is estimated 

at about 2500 tons. It is envisaged that the de11and for iron powder 

by this sector may rise to 6000 tons by 1986-87 and 8000 to~ by 1989-90. 

The bulk of the demand for sintered products come from the 

automobile and farm machinery industrues as well as other durable 

consumer industries such as refrigerators, household appliances, bicycles, 

typewriters, business machines etc. In fact, in the developed countries 

the -JUlomobil~ in,i~. try dCc:ounts for over 70 per cent of the consU11ption 

of iron powder. ln a developing country like lndia,sintered parts are 

not yet extensively us~d by the aotomobile iOliustry. However. with 

the in~ ct ion of new technology into the automobile industry and changes 

in material~/component .pecificdtion it is expected that sintered parts 

will be used to a 9reat~r extent in the manufacture of automobiles in 

India. 

To meet the inc:reased dt~m.llld for pJssen9er cars and jeeps, 

co111111•!rCL1l v~hlclt?s, Lhrt!c-whe!~le1s c1nd motor cycles, scoote1s and 

mopeds etc, the Indian automobile industry has geared itself to raise 

its production capacity anJ to introduce modl~rn technology whi~h ·...oul::j 

endble the manuf c1cture of mor~ economical and energy efficient vehicles. 

~ubstantial new capacity us also being created for two-..heelers inr.luding 

motor cycles, scooters, mopeds etc. The production of agriculture 

mochinery and tractors is likewise being stepped up. dith all these 

developments envis.iged in the autOfllObile sector, the COn&\IDption of 

:.i11L1·1r·tJ l"··d111.I." h l111111il Irr ln1.11•.1•••'• ltw 1"~llm.1lt1.J rJvm.rncl for ,JIJ 
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types of motor vebicles during the 7th five-year Plan {i.989-90) is 

estimated at 1270000 per year (Table 4) of which t.he passenger cars 

number about 150000 per year. 

Neldil"!} electrodes industiy 

Iron powder is estensively us~d in the welding electrodes industry 

fo~ coating high efficiency arc welding electrod~s. Tte total licensed 

capacity in this sector is about 742 million running melters (lllM) of electrodes. 

In addition, new capacity of 200 lef<M is now under implementation. Of the · 

20 units operating in this sector, four major producers - Advani Oerlikon, 

Philips El~ctcicJls anrJ Eleclronics, Indian Oxygen and D&H Scheron 

Electrodes account for 85 per c ent of the production in the country and 

conswne at present about 1000 tons of iron po~r per year. Tt\e total 

present consumption .Jf iron po~wder by tt,.: welding electrodes industry 

is estimated around 1200 tons anc this is expected to rise to about 

2000 tons by t989-90 (Table 5j. 

Other industr~al users 

Apart from these t~ major applications for sintered products 

"ntf ww.drJiric1 t>'yr;trod,.s, iron 1J()•Ndt•r is dlso consurriod in smc1ll <1uJnlilies 

in alloy and sµecial steel pl~nts (stain.!i?ss steels, low alloy steels 

etc) ;or cutting and scarfing, in foundries etc as well as non­

destru;tive testing of ferrous products and components. The total 

current demand for these end-uses is estimated at about 350 tons per 

year which is ex.e~ted to rise to 600 tons by 1989-90. 

(,. fO~-FEfiROUS P/M 

As mentioned earlier, the metal powder industry in lndh commenced 

in lhc h.uu JJR~t.tl'> sector with lhe pruduclion of wire drawi°'J dies, 

cutting tips for tocls, tool i!l&ie~ters etc followed by the 11c1nufacture 

of self-lubricating bro~e ~arings and bushes. Subse~uently powder 

metallurgy based on copper and copper alloys was employed fo~ the 
I 

manufacture of a wide range and vuiety of products such as electric.ii 

cont c ts and brusiies, friction and antifrlction components, filters 

and olhc.r porou!. part&, mt~tal-bonded diamonci tools and c~.ranaic tool& 

etc. Some of the units which produce ferrous sintered products are also 

en9 . .i9ed in thf> m.inufricture of non-ferroUG sintered products. 
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Non-ferrous aetal powders production 

Siinultaneously there was substantial progress in the production 

of non-fers·ous lllt'lal powdt!is anJ a nwnber of units mostly 1:1 the sm.:slJ 

scale sector came to be established. At pres~nt there are some 18 units 

prod1•.;ing metal powders anc.i their tcta l installed capacity is around 

2000 \.ons per yea:r. If the capacities of sore of the non-reporting small 

scale units were also token into acc,">unl, the total availdble cap.1city 

for non-ferrous powder p;oduction would be around 3000 tons to 3500 tons 

per y~ar. However, due to wide market fluctuations the actual capacity 

utilisation has been much lower, cl about 60% to 75%. Some quantities 

of powder is also produc~d ~t some of the sinter product ~anufactur~rs 

fo1· their captive U$e. 

The total estirr:ated demand for nonfeuous metal powders is over 

3500 tons/yf:ar, n:ostly for the maraufactu.re of bearings, bushes, metal 

gr<.iJ..hlle blc.ch. and slructural parls. In ad•Jilicn, some qwnlity of 

electrolytic an~ atomi£ed powd~rs find application as catalysts in the 

chemical industry and as piga.ents in printing inks. Precise ddta of the 

de.mund/consumption of metal powders by these industries are not re-adily 

·JV.; j J ··•·le.·. 

Today, a Nide ratlge of non-ferrous meta~ powders of various grades 

anJ metals are mdnuf ,ctured in the country. These range from the more 

common brass, cronze, copper, lead, alumifijum and zinc powders to 

cadmium, cobalt, n:.;gnesioo:, nickel, : :.dcon, silver, tantalum, tunqste·., 

zirconil.111, uranium oxide etc. 

Non-f errc.;~~ ~ J !l te!.!:~!>9!'~ !-~ 
ltiert: d,,. al J'll'!.l·ril. some 1~ unll!. whidi d1·1· l'nyagcd in lho 

manufacture of nor.-ferrou£ sintered products which is only four units 

art• in thr: smdll sc<ilf' sector. A large variety of non-ferr.:>us sintered 

products are bein<J produced by these units such as bimetal dnd trimetal 

bearings, bus:Y;s, diamond powder prcducts, bronze filter~, friction mdterials, 

self-lubricating bearings, silver-graphite contact material•, sintered '"'8tal 

p ... rt.~ and bust.1es, tantalum CcJJ>iJCitors etc:. This list is only illustrative, 

nol exhaustive; dnd the ~r~duct range is still growing, as new applications 

<1n· bt•inq found ft1r nor1-frr1em~ rnf!t.;d po"'.fon;. 
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7. TECIH«JLUGY AND ALTl:J<NATl VE~ES Of POWl:B< M!.NUFACTURE 

Seveial alternative processes hav~ enerqed for the manufacture 

of iron. copper and coppt?I alloy and other metal powders, ever since 

P/M industrial applications. Some of these processes which have played 

their role in the development of P/M have now-been rendere~ o~olete with 

the emergence of newer, .and more competitive and satisfactory processes. 

Broadly s~~aking, the more important processes in today's context are 

i) elect1olysis, ii) atomisation, iii) chemical reduction and iv) 

hydrometallurgy. Of these electrolytical and atomisation methods are at 

present more widely acceptEd and used for connt~rcia.l scale manufacture of 

metal powders. Thes~ two process 1outes account for the bulk of the 

powckr~ ulilh.et.J tor VJJ iou::. slructur.11 ,m,i r.un-struc.turc1l applic.1tions. 

Thcugh chemical reduction is used to a l~sse~ extent, it has a distinct 

role, as the powder produced by this process is well suited for the 

manufacture of structural parts and several other applications. 

Hydromett>llurgical process is also well estc.blished especially for the 

production of •;oppt:r, nickel and cobalt based powders. 

Elect1olytical process 

The e lectrol yti cal process, because of the simplicity of its 

upc1.1Ucin dfJO l'..(et.:lJenl .... un:.1,,1 ol i>Jfd.11el1.'1~, <..onLiuues lo oc<:upy a 

dominant position in the field of powder metals production, despite 

u,c high power ir.put~ dnd hi9ht:1 costs of production. The powder 

produced is of high purity. The adaptability of the process to produce 

a wide ve:riety of non-ferrous rr.etal r.owde1s has made it populesr with 

metal powder prcducers, though it is est remely sensitive to rising 

ener ':JY coHs. ln India, substantial qwntities of pure iron powder 

continue to be produced by thi~ process. 

Alvml!>.1l~ 

Atomisation is primarily the di&integration of a molten stream 

of metdl by hi9h pres!.Url' gas or water jct. Thh is a WP.11 estatlished 

process especially for the production of a wide variety of iron pt>;vders 

a~ w~lJ as c.opper-based powd~rs of varying alloy composition5 and powder 

ch~r~cteristics. This is essentially o high speed production proces~ 

rendt·J·ing c:vntrul ;>Vt.'I the parameters diffiGult. These and other µroblems 

concerned with the atomisation of 111elting compositions as well a~ reactive 

1111·1 •• i)!; .md c1lloy~ h<•V•' l>t.',.n ov••J<..ome hy l1:1hnolo~~lcal t!··.,eloprrM:r.i.i, in 

th~ melt in9 furnc·ces, atomiser design, GUenching procesr. etc. 
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Apart from the control of the physical characteristics of the 

powders during the various stages of manufacture, the final control can 

be cxcrc ised .JurincJ the anneal in9~ ...:rushin1.1 and qrinJing operations • 

.Vater jet .1tomis.1tion is co1111oonly used because of its advantages. The 

amenability of the process to pre-alloying with accuracy is an added 

advantage. This is particularly useful for the manufacture of low 

alloy iron and other non-ferrous powders. 

Chemical reducti~n 

~hemic.11 reduction presents an lttractive method for the 

u-:.ilisation of indu!;trial waste fro;n hot fabricating industries, 

esr.1et..i;Jlly 101 U11.• pro.Jut.:Llon of non-l"e1·ruu!. powdars. Copper scale and 

other oxide wastes are ~educed by cracked armnnil or endothermic gas 

iaixture at elevated ternpe1 atures. The re.iuced product which is in a 

semi-sintered state is further pulverised mechanically. The purity 

of lhc powder obtained is uncert.1in md limited by the qu..tlity of the 

oxide used. Moreover, iinil~'lua~e :;ontrol of the operations and the 

type of reducincJ agent employed 1: JY often reduca the purity level. 

fo ensure better purity levels and more complete reduction, the use of 

c.rack·~d anmonia as toe recJucin<J dgent is preferable. Moreover, durin<J 

mechanical pulverisJtion, some of the d~slrable properties includin9 

surf ace ~ctivity may be d~stroyed. In view of these inherent shortcomings 

the prospects of further developments in this process appear to be 

limited. 

keduction of iron ore 

The production of iron ore by the reduction of iron o~ide, and in 

particular, the reduction of iron ore by carbon, is the oldest method of 

p1..,1Jucing iron po·.~dt•r. fhP. Swedi5h !.ponm~ iron process developed in 

HO'!aOJS in early 1900, though ori.)i,.,ally int£nded for manufacturing 

sponge iron for steelma~ing, has now become a primary source for iron 

powders in the world. 

The Hoganas process uses pure magnetit~ ore after beneficiation by 

gr indi ny dod m.l9netic $ep.Hdlion. Coke t.>re11ie or othel carbon svu:-ce 

proviues the reducing ci9ent for rnanufac.turin<J spon-Je iron powder. Additionally, 

limatone is used to react with sulphur c~.1tained in the coke and to prevent 

it~ iui.Ju:.ion in !.111~ tr•m P<1wd•~r tl', impurily. Th1i reduction ot oxldas lo 

i1un l<if.•ls pl.jce .1t ·• lo.wr temperdture lh,m ln the conventiondl 'ponge 

ir~nmaking and thP. :e<Juct.ion is carried out in cerarnic tubes which consist 
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of silicon carbide. After re.:iuction, the pc>'-•~rs are siz~d by crushing, 

s~r~~ning and sepdration. To mdke them suitable for use ·in compaction, 

the i'JOwdlJ n:. ar"' proc;esi.; annttdl•?u Jn,J mi,.,.() p1 ior to J~sp 'tch to r;ansumurs. 

As the iron ore qudlity available in India is not suitab .. e fox this 

process, India has not opted for it. 

Hydrometallurgy 

The hydrometallurgical process originally develoP"<f for 

extracting copper from l~an sulphides, oxidised or complex ore~ and 

concentrates, ore tailinqs and other 111inintJ wastes is now extensively 

employed for the production of not only copper and copper alloy po~..d~rs 

l.u~- .. d'..o ol olhor n•>n-le.rruu!. 1D1•t.1l po~y,J,~r!. ~~p·ciJily nickel Jri.i i;.,iJJlt 

b..is.:~d po:.vders. The process consists of first leaching the metal beari'lg 

ore with a lea•hant and then suitably reducir.q thP aqueous leach liquor 

by physico-chemicol processes such as precirit •• tion, reduction, solvent 
i extraction, cementation, electro-Ninning etc. Hydrometallurgical proces~ 

has the distinct advantage that it can utilise as raw material a wide 

variP.ly of industrial wastes includinq low grade scales, heavily 

oxidised scrap, floor ana flue dust, foundry wastes spent catalysts, 

spent pickling liquors effluent sludges etc. 

e. f-IJrlJ.!~,S}'hl.t..1·1::r..:r~ 

Future prospects of P/M mcinuf 3cturi1¥J industdes will be closely 

linked to the proc~ss and development of the end-use a?plications and the 

us:"?r industries inc:ludin') sintered products manufacture. Development 

of newer 1::nd-uses which is bound to c.ake place .with improved availability 

of powde:-r. in lht~ mG1r>:ttl wrJu:d acceler1ate the growth of the powder 

manufJcturing industry. In ~he ccntext of India's sustained industrial 

growth arxi development plans, there are considerable growth prospects 

for P/M industry in the c.ountry. 

How~~ver, certain developments are necessary to meet tht~ growing 

demand for larger qudn~ities of low cost powders ana some special 9r~de 

pc;-;dt:n for sopiih I j Celled and cri Uc.<sl ar·plic:ation&. Thvse changes will 

r.ecc~~ .. ;riJy ir.vvlve modifications and ir.novJtions in powder production 

LcdH1vll.1•JY ir. i..c1~f·iny wit.h th! need fo1 co~c1viny energy ilnd m.atv.iial 

r~s~urc~~. Alsc, sustoil'\l.~d promoticnal efforts and continuing education 

will be rt-<~uired to populoir!se ahd extend the U&e of P/M_,as it b still 

1.orr11••11 .. 1 ~vely ;, 11.?w d1·velopment. dnd its Cull pof.E•ntial 15 yet to be r~ali1ed. 
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The Indian context 

In the Indian context, however, t~ electrolytic procP.ss m~y 

continue to m~intain its prominent JJOSition in the near future. Its 

sui~ability for small scale operation with low overheads can mo~ 

than compensate the higher energy requirements. Atomisation is, 

however, rapidly gaining ground. At present, this process is employed 

mostly for the production of pigment grade, gold bronze powd~rs, 

p1-ealloyed powders for sinte.i:ed bearing~, filter grade powde.rs etc. 

Several units in the sniall scale sector produce other non-ferrous 

powders b)· this process. In respect of chemical reduction technology, 

its use is likely to be lim1t~d to certain units with an assured supply 

of better qudlity raw mdterials, po~sibly to produce special grade 

powders. 

Hydrometallurgical process is likely to gain greater popularity 

as it is economic~lly attractive in view of its ability to use low grade 

rav materials enta.ilin~ relati.vely lower raw mate~ls cost and · 

recyclin.r-~ of industriH.l wastes. 

While electzolysis wiU cor.tir.ue to be attrative for Slndll metal 

p<>~J•;r units., pror.petts an- equally yooJ for medium and larye ~,;:.ale 

pov:d~r plants employir.9 atomisation lf':hnology as also hydrometallurgical 

prc.c.esscs. Future trends fav(Ju.L the installdtion of inte~;rated units in 

th£- me.;iun 01· large scale sector producing metal powders by more than 

one prol:ess as Wf·lJ as sinte::-f·d products, supported by ancillary units 

supplying certain grades of powder which will further be proce!:'.scd into 

special grades of prem~xed and blended powders. 

9. RESEAl,C:H ANI) DEVELuPMENr 

P/M reE.t:><irch and development activitit.?s c.re- 11. proyrass in a 

number cf r~sear ch organis,,tions, technical institutes and univel'Si ties 

on various aspects of manufdcture, industrial uses and special applica­

tions of metal powders. Notably, specialised research institution& such 

as the National fttetallurgical Laboratory (NML), Jamstaedpur, the Defence 

Metallurgical R~search Laboratory (DMRL), Hyderabad, the Bhabha Atomic 

Research Centr~ (BArc), Bombay, Central Electrochemical Hesearch lnstitute 

(CeP.I), Karaikudi, National Aeronautical Laboratory (NAi), Bangalore, 

VHr .. 111 :.;,.,,,1,11 .• 1:1p.irr•1~1:1111•· (V~~f.iC) l1lvc1ndrurn hdVt· l>•J1.•n Joinq plon1~u1· 



,...------------ ~---

- ... 
- 12 

• 
work in this field. Similarly, considerable research work, both applied 

and fundamental, is being carried at the various Indian institutes of 

technology and a nurabe• of other institutions of higher technical 

education and universities such as Banaras Hindu University, 

Indian Institute of Tee;hnology .Boliiba.y, the "I&dian InstitUte of "SCie"nce etc. 
Some -or the major Ra.id D activities are briefly mentioned. 

Air-, nitrogen- and water-atomised non-ferrous powders 

The Metal Powders Group at the National Metallurgical Laboratory 

has been specially active in the development of the production process 

for metal powders for nearly a decade. r::ie major thrust has been in 

the area of air-atomised, nit1·09en-at.l)mi~-=~ and water-atomised non­

ferrous metal and alloy ,owders. The know-how developed by NII. for 

a number of these extra-fine gas atomised non-ferrous metal powders 

has been successfully transferred lo industry. These include aluoinium 

and aluminium alloys, brasses and bronzes, tin, lead, copper and copper 

alloys and solders. Development.al work is also in progress on 

water-atomised iron and ferrc•US alloy powders. NML know-how for the 

prodl ~tion of distilled grade extra fine zinc dust has also been 

licenced for c~mmercial production and technology transfer. 

These R and D activities have involved a gJod deal of related 

peripheral investigations on the extraction of parent metal from 

leach solution!> by adsorption on lignite; recovery of parent metal 

from metal wastes such as drosses; develcprnent of compacting/sintPring 

grade P/M, preallqycd po~ders and premixes; and other related applications 

technology. 

In the fronti~r area of geo-micro-hio-hydrometallurgy, exploratory 

work l!. dl~CJ undt•rwJy al NML tor lhe p1odu\;.llon of higia grade bln1t.!tal 

powders from microbeal leach liquors by cementation and dilute solution 

electroly:.is. ,fork has also beera initic.ted in some areas of application 

technology for metal puwder£. 

Special materials and supe1·all~ 

At BAIC, the research and development work is primarily contered 

round the powd·~J mer.allurgy of special materials and 1uperalloy•. 

Some of the invf'r.tiqation!. in pro9rPss arPs dwelopmof't of a process 

to fabricate a SUPfHconduclor wirt>; lctr1;e !.c.ale fabrication of carbide 

fuel pellets foi the fast bre~der test reactor; silver-nickel composites 
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. 
•JSed as contacts in electric1l and electronic industries; investigations 

on electro-ceramic\ based on lanthan\ID chromite, for use as hot 

electrodes in open cycle ma9netohydrodynamic power generation ar¥i ultra 

high tempar~ture heating elements; production of nuclear fuel elements 

by cold compaction and sintering of uranium ~xide agglomerates; 

preparation of uranillll monocarbide insulation pellets for fast breeder 
test reactor fuel pins etc. 

Special metals and alloys oroducts -......._.__....._ __ 
At Dr.flL the major resl~arch and development activities relate to 

pilot plant studies of special metal and alloy production; r~search 

and 1.fovclopmenl in var iou~ d~p··cts of comp.1ction anJ sintei-ing of 

metals, ceramics a,,d cermets, compact forgio:J etc. CERI is carrying 

'JUt research work in the a1ea of electrometallurgy and powder production. 

NAl. is investigating titaniun base P/M alloys. At VSSC research and 

development work is in progress on P/M products for aerospace applica-
~ 

tions. 

The production activities of the Mishra Dbatu Nigam (Superalloys 

Plant, Hyderabad} is closely associated with the work of these 

labo:rat<>ries and within a short perio::I ot time, Indi.1 has been able 

to pr.1ducc the bulk of its rr:qui remenl~ of hlqt:ly specialised met<1ls, 

alloys and i)ther components for its nuclear energy programmes~ dc!fence, 

elec:..ronics and other needs. Some research work is also in progr:?Ss 

at the research and development centres established by the earlier P/M 

manuf.Jcturers to improve their products and to develop new products and 
processes. 

Metallic ghsses and super aliln_!nium alloys 

Anoth,•.r fa!;C.i natin°.:1 development which l$ en9a9ing the attention 

of lndL;111 J>/M u~:L.tllur•Jhts is lht• new technology of rapid solidific<1tion 

processincJ (RSP) of complex alloys into metallic glasses. These metallic 

9l.1sses belong to a novel class of RSP alloys characterised by their 

uni~ue compositions, i':1orphous structures and excellent mechanical, 

marjJlf.rtic dnd corro5ion reslstancu propr:rtiP.s. Rapid solidification 

t~chniques such ar. me 1t spinning are capable of hbri eating metdlic 

glasses in largt qu,Jntities as c.ontinuc,us ribbons ano tapes. Because 

of tho need for f xtremel·f h::;t c.oollng durin(J procassing
1 

metallic glasses 

c,m mil·1 1"_. l.1br l(.,fl,.d J', l11i11 l>odJt:'!> ,Jt ll111 J1l"li1ml lil.alu£. ol ouJ" 

knowledge. Their application in bulie shapll products is not yet 
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feasible. However, these metallic glass alloys can be fabricated into 

bulk shapes suitable for engineering anct. structural applications. 

Though the basic process of kSP is well known information on. _production 

.technology is·not·readily available. ·. 

India has made a beginning in liSP technology for the production 

of a new generation of super aluminium alloys. laboratory studies at 

the Banaras Hindu University have already demonstrated the feasibility 

of their production. RSP technolo9y presents the exciting possibilities 

of the use of this new class of alloys for a new generation of space 

applications and missiles with substantial weight savings and service 

Powde.c fi!tallurgy Association of India (PMA.C) 

The P/M activities in India are speaheaded ~y the Powder 

Metallurgy Association of India. This organisation with a 

membership of 400 actively ~romot~s powd~r metal~urgy in India. Tilrough 

its various activities such as publications, s?minars, workshops and 

technical meetings it successfully disseminates information on the 

latest developments in the field of P/M, working in close cooperation 

wilh inl•·rn.:.iliondl JOJ InJi.m OT<Jdn.i:».tllo~ in lha field. 

10. ACQUIS IT ICN, l>EVELOt'MEITT AND ThANSFdl OF P/M TECHNOLOGY 

India's progress and development in P/M has followed the traditional 

gro~~h route. The country made a modest start in powder metallurgy in the 

1950's in the hard metals field, based on imported technology and raw 

m<.lteii als. This was followed by its entry in the late 1950 's into the 

production of iron and bronze bushings. Nith the rapid growth of 

indu~tlialir..1tion und~r thf~ JmpE?tus of the five-yedr development plans 

and the Coi1r.equcnt rising demand foi· P/M products and raw materials, India 

started with the manufacture of metal powders and sintered products with 

imported technology and raw maten.;il.c;. A number of industrial units, 

mostly s~all-scale and a few medium scale came to be established. 

The progrtFS witnessed in the earlier years was mostly in the 

ferrous P/M sector as the demand for sintered products increased which 

in turn creatPd a rising demand fo~ iron powder. This led to the 
' 1nl.Jbll•Jt1111Hril ,,r :.•·v1•1dl s111.1ll unSts. for I.Ill' 11111nufJClure of ulr.ctHdytlc. 

iron powd"·r bi.lsed on im.Jiqenouf. technology. l.t>Gt of these uni ts were 



' 
- l~ -

established by enterprising entrepreneur~, with meagre r~ources and 

without recourse to technology inputs. the electrolytic process was 

well known and with the technical assistance of some university professors 

who had specialised in P/M, these units were able to work out the 

paramete:rr, and develop the requisite know-how: Toda~ India has achieved 

a good measure of self-sufficiency in the production of iron powders, 

though certain grades of iron powder still continue to be imported on a 

limited scale. 

As mentioned earlier, due to the peculiar characteristics of DK>St 

IP.dian iron ores and its unsuitability for the production of iron powder 

by lhc direct 1educlion prnccss, this techni~uc of iron powder m.Jking 

has not made much headway in lradia. Efforts are, however, under way for 

the production of ferrous powder by the atomisation process {which is 

currently used in Brazil, USSR, '/lest Germany, Japan etc). 

In the case of non-fenous metal and alloy powders, however, India 

till recently ·..,as entirely dependent on foreign technology am imports 

of powders for various end-uses. The earlier plants set up in the 

late l 950's for producing non-ferrous mete.ls and powders were either 

foreign collaLor<Jlion ventures or wt?Jt=- mdnufacturing under licence. '1'iith 

the NML technology now available within the country, some of the new 

units have acquired this technology for the production of air- and 

nitrogen- atomised non-ferrous and alloy powders (aluminium and aluminium 

alloys, brasses and oronzes, tin, lead, copper and coppE·r alldys, zinc 

and zinc alloys, distilled grade zinc dust etc). 

In respect of the applications of powder metallurgy, namely hard 

metals, sintered products and weldinq electrodes, most of the know-how 

hcid inlli dl 1 y Lurw·. ll11<Juyh londyn LOUabcu a lion, jolnl venlui·es and 

licensing arrange;r.enu. Recently, however, some new units have been 

set up in these sectors by professionals who had worked in the earlier 

units and acquired some production experience. This process of 

indigenisation or Indirtnis.1tion also received some encouragement by the 

import sub6titution proqra:mie and the policy of technological self­

r~liancc. .::>ome of the f.-tcets of this d1•velopment processes/experienco 

of India in powder metallurgy .ue discernible though the development did 
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- production of sintered components •ith imported raw 
11aterials and technology 

- production of somo types of moldl powders and P/M products 
with indigenous raw materials and L~ported technology 
(foreign collaboration/joint ventures with or without 
equity participation) 

- production of P/M products with imported technology 
(under licensing arrangements) 

- production of netal powders and P/M components with domestic 
raw materials and technology (Indian enterprises without 
any foreign collaboration) 

- R & D dctivities and development of new technologies 
with local ra~ materials 

- conr1;ercialisation of indigenous processes and trans fer 
of technology to irdustry 

- development of R & D infrastructure and consultancy 
services for installation of plants and export of 
technology/services. 

India has na~ reached a level of development in P/M in which 

there is a balanced mix of imported aid indigenous know-how. India is 

still importing know-how ·Nhere required and joint ventures/licensing 

arrangements continue to be entP.red into. At the saige time, howevez; 

it is stepping up its own R & D efforts not only in the conventional areas 

and products but in emergi119 technolo~ies and frontier areas. The 

policy of self-i·~l iance in technology and import substitution that the 

country has pursued over the years is evidently paying good dividend~. 

Relevance of _!.'ldian experience to other dey_eloping countries 

India's varied experience in P/M has some relevance to other 

developing countries who are planning or developing their P/M industry. 

Though the course of Indf.:t'5 development may not be uniformly applicable 

to all <.Jeve lopJr1tJ c.ounlr lo:!. due to lhu di ver~e techn()-economic f!nv lronmcnt 

obtaining in the individual country and its specific requirements, some 

broad 911idelines can be drawn to indicate the lines or directions for 

the development of P/M sector. Sl)IJ)e developing countries have already 

succ~ssfully estabiished sizeable P/M industry over the years1 starting with 

imporled le1.hno!v<JY, product.ion <?quipment dnd rdw materials. Soulh Ko1·ea 

is a good example of a country which not only rapidly absorbed and made 

good use of imported technology but developed its own processes for the 

production of copper and other non-ferrous metal po#ders. There ar~ other 

cJt•·1<'l11plr"1 •.0111111 im. wh1H•' ll1111l1•J .Jom•11rli 0• m.irkul,.,, woak lndut.lrl.11 dO~ 

technoloykal betse and Jack of resources may oe the limiting factors. 
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Obviously developing countries nt:wly entering the P/M field will 

ha-.1e to rely in the in!tial stages on foreign know-how for establishing 

P/M ver.tures, based on their require111enls. Dependi:iy on their Indus trial 

development plans and the possible demand for P/M products, they may 

identify the P/M products they would like to take up for immediate 

development. This in turn would indicate the directions which the P/M 

development should follow. ~suming that in the first instance the 

de~and for P/M products will be primarily for sintered components from 

the automobile, agricultural machinery and domestic appliances industries and 

other equipment of every day use, possibly the country could start with 

the mc111uf.Jcturo:: of vai lou~ sinl~r~d cOjaponenls U5iny imported raw 

materials. lf the demand so warrants, the count1y may then comnence 

manufacturing ferrous and non-ferrous metals and a~loy powders on a modest 

scale acquiring the know-how from foreign sources or entering into 

foreign collaboration. The technological infrastructure also need~ to be 

cr~atcd for the effective transfer and absorption of the technology. 

Sb1ultaneously the requisite R8,i) faci ~ ities will have to be developed for 

the adaptation and improvement of the product and also for developing new 

proo!sses and pr.>ducts. ThfJSe activities are aimed at bringing about a 

m1~asure of self-reliance in technology. In these development tasks the 

techriofogiP.s devel\>ped by other develaping countries and their experience in 

P/M t:iay be more suitable and relevant to the conditions obtaining in the 

recipient country. The ter!llS and conditions of acquisition and transfer 

of technology may also be more favourable. 

Concluding remarks 

India has come a loncJ way in the field of Powder metallurgy since 

th~ mod(!5t beginninqs in the 1950'5. 11ithin a short span of thr~c decades 

the country hds ooer, able to aclliiJve a measure of 6elf-reliance in the 

P/IA field both in terins of technology and raw materials. Though early P/M 

ventures in the country had bean dependent on foreign technology and raw 

materials it had earlier relied on its own efforts in setting l'P P/M units 

and in developing suitable technology especially for the electrolytic 

production of iron powder and some categories of sintered products. With 

the development of the industrial and technological infrastructure and 

intensive R&D efforts India has been able to venture far a head. It has 

developed lts own t.P.chno lo,1ie' for thE! production of var ioui non-ferrous 

ml·lal and d loy puwdf!rs and is in J posi lion lo sh.ire ih expefi1tnco with 
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other developing countries. Many of the processes developed in India have 

been conmerciallsed since and a number of· industrhl units are already in 

operation. India can now offer a comprehensive technology package along 

with the process know-how and design/engineeri!l9 consultancy services for 

the installation of P/M units of various capacities. Developing c:ount.ries 

establishing and developing domestic powder metallurgy industry can 

benefit iamensely by the experience of Indi.a in this field. 
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TABLES . ; 

Table l - PRESENT AND EST HIATED FUTURE DalAND Fai IRON PO.fDCR 

Present 
1984-65 1986-87 1989-90 
tons/yr tons/yr tons/yr 

Sintered components 1,500 6,065 8,310 
Welding electrod~s 1,250 1,500 1,900 
Other applications 350 510 600 - -·-3,100 8,075 10,610 

say, 3,100 8,0~ 101aoo 

Table 2 - IMPORTS OF IRON r'Oiii>ER 

Year ~antit,I 
tons 

1973-74 •• 334 

1974-75 .. 324 
197'!>-76 •• 461 
1976-n •• 423 
1977-78 •• 915 
1978-79 •• 671 
1979-80 •• 858 
1981-82 •• 1,109 
1Cj82-83 •• 1,aw 
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Table 3 - ESTIMA!Eu IJEMAND FOR IRON POWIS< BY SINTERED 
COMi:ulp~_M!\.N!JFACTU~EHS_.{J.9!J~:.-!i~ TO l 909-.9~~) 

Sin~r~d product manuf acturi!\9 uni~ 1983-84 1986-67 1969-90 
tons/yr tons/yr tons/yr 

Mahindra Sintered Products 
Pune •• 300 600 700 
Assotex Engg Industries 
Bvmbay •• 100 750 1,500 
Sundaram Fasteners 
Hosur 300 2,000 2,500 
hndhra Sintered Components 
Gundur •• 700 1,100 
s.s. t.iiranda, 
Ankleshwar •• 1,000 1,000 
Akay Sintered Products 
Faridabad •• 200 200 200 
flexicons Ltd 
Udhna .. 60 120 160 
Sfotering Virmani 
Delhi •• 150 225 300 
Goa Sinternd l·roducts 
Go.i .. 50 90 150 
Ashok Sinterings Pvt Ltd 
Delhi .. 65 80 
National Sinte1 inqs 
Lucknow •• JO 45 60 
Clutch Auto 
Faridabad •• 50 65 80 
/.'..;,1. Sintelf•d Products 
flardha •• 50 60 70 
1:indu~t.<m Ain;rclfl LW 
Ban<Jalore •• 75 85 105 
Arvind Sint~ri"'JS Ltd 
Delhi •• 30 30 30 
Jhanr.i Sinterin9s Pvt ltd 
Llelh.i •• 30 30 3 
k.k. Jajoo 
~Jew I..(.' lhl 

2'2~ 

- -1,475 6,06~ &,310 
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Table 4 - ANNUAL DEM\ND FOR t.fJTOR ~EHICLES IN INDIA DURit«i 
SIXTH AND SEVENTH F IVE·-Yl:.AR PLANS 

Sixth Seventh 
5-year Plan 5-year Plan 

(1985-852 (1985-90} 
Nos Nos 

Pa11enger can •• 60,000 150,000 
Jeeps •• j(),000 45,000 
Light coaunerci•l vehi~les •• «> ' ()\.,"'() 75,000 
MediUD and heavy commercial vehicles 90,000 140,.000 
3-'.'lhee le rs •• :>0,000 150,000 
Motor cycles •• 175,0CO 350,000 
Scooters •• 400,000 800,000 
Abpeds and mini motor cycles 425,000 850,000 

1,270,000 2,550,000 

Table 5 - DEMAND FCE IRON £1>'~R BY ~I.DING EU:CTRODES INOOSTRY 

Present 
~!f>de producer (1983-&4) !986-87 1989-90 

tortS/yr tons/yr toMfyr 

Advani OerliJcon (AOOR) 5~ 630 730 
D&H Scheron Electrodes 300 400 530 
Indian Oxygen (JOL) 100 170 290 
1-'hiJips lndia (PEJCO) 70 ~o 90 
Modi Arc Electrode 25 30 35 
Others 155 190 240 -1,200 1,500 1,915 

Sety, 1.~00 1.~00 !,900 




