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C) 

o naturo cavo uv an ilion of 	ov =tolluray Tho 
crooloia of bie ofionco Into cane can bo said to 1 avo tnnpirc6 
ho txn1tn6 to dovologo tb2.0 no toohro] ogy Pot1or 1otallurtjys 

Tho tc ohni*oo of pouSor cotaUnrfW 1c3 to tho dovolopiont 

of iotolo pooco00int3 ozoolloot proporttot thtc1 cannot bo 
obtained by othor tocbnlquoo. Io In all tho 	a].OD  Iron 
and otool aro root uUioly uccd0  oar o to alc3 truo for iron 
arrt Ito alloy potaorc bocou 	tboao aro oaoUy prococccd 
ehoup ani Vorsattloe Although a nuvzb or of rx odc era 
avollablo for the production of iron anti tro olloy pot 9orc 
but t,ttb the morocco in dcnicind ,ad tango natal curlooity 

lcd to tho birth of not tochnlgooc of po or production, 

In the procont tork 0  Production of Iron ung Iron. 

' 	Alloy Poi dor' an attcz pt has boon ria to produce the iron 

and iron.ailoy poedora of high purity oeonouicaUy from Iron 
voctoo9 The Iron boort t3 tortolo o8, ocropv  turninno atm. 
yore $1ccoiac d in byt rochlor .c cold anti caput coturated 
aolutton uno forced at hi hc7 tocporoturo, C cooltn this 
colutionp tho oryoto o of fowrouo ahlorl$o use e obtained tthich 
0ftor coomooctnr Cioro rcducc by bydrogono  The hydroobloric 
amid produccS Gun reduction afl r000vorcd The offoct 
of tiro and tonporaturo on reduction uoro otz 3iclo 

Iho roport boo boon divided into forir chaptor a, 



Chc pto $ docilo utth tho so "C1i intro 3uctiono Cdvonto oa of$ 

1iottattono of potdor tx ta12wj3y c Ito opp1toaUUonob 

C'top t+  1l tnclOoo 12horaturo 1?OU ioa, J critical 
of voy of the iotboda of iron pott2er production uaa Bono end 
ro'totcd in thio chaptc  itb tho c actoz~otioo of tho povvao 
pvcduccd by vartouo cot tdo The iochmicz a M#,notloo of the 
rcdoctto of fori'out cblos'ido to also diocoocd toner cr cytth 
tho fec i'a oftocttn tho veto + of Pcauctlon4 

Chapter Ill doala with fige doocription of ozporttnontol 
cot ip and proecduro folloocd in the potont invoctigation. 
The oryotolo of forrooa c orido on alloy obloridoc oro modo 
and at 	ocoLswtng toxo rcduecd In a otaWooc stool. tubo 
reactor. The hydrochloric acid produced during toductio i vac 
col] 00tc4 and ito recovery vas cacurc4 by titratingaontnct 
19t3V - tTcOH solution. The forrouo chloride crystals t,oro 
rciuc06 at og 0 Dag oo 66O0G000 nr . G PC ar the aryotola 
of trop-ahloy chloride natoly 0410. £o.Cr nn n Po••T3 .»Cr oro 
reduced at GOOD only. Tho c2yntolo ark rot dor pro chorntcelly 
onolyocd to t11oti tho porcontogo rocovary of hydroohloi'tc octd 
one] porconte o reduction. ¶o c3~opo of the pertacloo of the 
potor produced uoo olso ctudt d. 

Roculto obtained fron the oQprimnto carries out 

one a d iocuocton on thea conotitatoc the oubjoct rettor of 
Chapter V, it to found that tho rcd uction of iron otd Iron-allo r 



chloride crystals takes place topoehorntosily, The Increase 
in temperature increases both the percentage reduction and 
recovery of hydrochloric acid. Tis. nature of the reduction 
of ferrous chloride and Iron-alloy chloride crystals is sam 

2t 
Presence of Ni tons increase the rate of reduction arrear 
Cr Ions reduce it, 

ki 
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Poog cotall jr is Mot a not COflCOp: to eafl t, althouh  
much of Ito dovolopint boo tohcn ploco dt i tho p'o©ont 

oontury* it baa itD oiit,in at boot 6003 you a rko, iian 
p iI3itivo tocbnigooa for tho rcdoction of iron and coppo 

oro to opongo and p0 1or o1ioc2 tbo fabrication of untooa2.bo 
and soap no. Tho first rocordcd uao vary by tho anciont 

Lyptiono uo voro abbo to prouco cponjo Iron by .racing 

iron ortIo c tt chs col for waking cuorda nrd inpbotot, 
Aout 1000 voar o aco, is amith a of Xnf is ro.aagc d to prod uco 
a coal woatorpi0 a,nanaly the favoua Delhi PtUor,t,oich 

tomos Later the ftttitoo2  uacd a otlur prococo but 
it ¶530 really In tho early 3.th contury,utt is t o aoton0o3  cork 

on pbattnua and the late ► orAcavouro in the' IA of ductile 
tungooton giro and coontcd carbi+doo by Cooldoo, Uootjmrzkof 

and othoro,tn tbo l O O,that tho foundation of the procont 
ototo of tho irs ctsy acro laid 0  

Po or c to1]L rjyhas been doftnd as tho art or& 
coicnco of mameoctu im ucofub artialoo from =tcl poracra 
atd of producing thoao gotaoro0 Such orticb.oa noir be in the 

form of inQoto, acniflnic cd or finiahcd ohopoo0 It porwito 
tho prod uotion of metallic or tol like bod$4Q of at to oz 

coDplicatcd obapoo uithout tho uco of tho or cdoE cotallurgical 
practicoD Duch oo coltimo coo 	I) ingot ooltdi$cation w tel 
uortitna and ohapina by caehiaina oporuttono 9, It providoc a 

coana of obtotiing a uido ranr3o of cborcictcrotico in a vorioty 
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of i otaU90 cazipooittona and at roocona'blo cooto By t'hia 
Eothod It 10 p ►OE,iblo to produco porte of tto or Coro olcicztg0. 
oopitilInIM on the apodal proportico of once 	o poor izietcil 
oonpoct,, .ncero ouch olceonto could not bo fabricated Into on 
o loy oiaco thoy porhapa may be par tto1li or conplotely t deci.'blo 
In tho i ton as8/og solid stattio  

During the post doc@, o, 	O improved tochnt+juoc 

for the tumufacturo of potdor utellurgy porte bavo boon 
developed throughout the industry vbleh ban contributed the 

ecocptonco and Growth of the procoso0  oro complo z and critical 
panto are noirs Wino produced and with the rva Lobiltty of 

po o 
 

and tho dovoloptiont of n!oi fobvicoti. on tochniquoo one can 
o zpoat continued rapid grotth in the intuetry, An indication 

of the roto of Chic crot,th can be gained from the fact that tho 

production of Iron po or has doubled over the post five or sin 
yoaro0  Tablo4 cboto tho p oduction4  of iron patdor by the 

vortouc. eoi ponioc in different countrtco In the year ,lV7Oo 

8omo of the unique odvantogeo3  of poi or metallurgy are 

as f011Otit3t 

I. Poedor notn1lury is used to onnufecturo prodticto 

which con be cido In no other uay rind theca ich could be iirndo 

by another sxothad but for rich polar octollurgy to mono 

convenient and czro economical. 

20 Bovine In labour rind nitortoloo oli tnatton of 

capital tnvost!iont in acbinoe , rcductLon iia ovcrhoad and toad 
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time QLootor on product, 'c 1uo on n battoz por omrnco ora 
oDOr3 tho othc flpoPtaz t oonOtdocittono In too docicton off' 
pov 9or aota1iurc 7, 

3 Tho poor mtaliurg? pr00o00 van bo coxo eonvoniont 
or d pro oconot teal bocouco  

1) It doo0 not involvo the hondl.tnj of zolton intol. 
11) ftc on products coldoti roquiro cubcoquw nt mochtntn  

or FtntEthtn oporotto , 
ill) porootty of prodccto can bo controllcd ovor vido 

ronso„ 
v) It oUo a the rapid oaoo production of mot .a In 

pr(etoton dioO, 
Toro era ` other r oo#no fdhic b gnziRo0 the praaooa 

ocononteo . ouch 00 
t) r oo production ioebniquob omployc 

ti) the reduction or oltrnintlon of oarap lagoon 
i) reduction or in r.. ny c000c the -aon1oto oltninOtion 

of meohininZ or ftntthtn1 oporationo,~ 
6. 8inco there to oubotuntlol reduction of .inabininrj 

and aarap l00000p potdtr tal.nr f3r is ideally oui.tcd to the 
production of aouploz and intricate ohopoc. Control of 
porooity and donoity to on to ortont factor in porte such ea 
fil-two or aountor-bolonaoo... 

Tho- patdor raotoflurcy tocliniquoc hove oleo certain 

li .tationo 93U 4Ch art► as fo .ouoo 
o Only 	3l also ?oducto can ho produocd  



E„ Duo to c 'o froo ourfoco, nroo tho r000ttvit7 
of pot c?a $0. OnCM* DosroatoL" coxo In noct9ot in 

So Bcouso of high coat of prtorou  dioa ont2 toolimf, 
tho poor motal .uray t od in not tno 000tvo and will 

only poy off tioro thoro i s a loo volwx of parta involvcs or 
Porto 

/ataply cannot bo mho by any othor tothniquo0 

The i3or op aicettond 4  	of potdor =ta11tw, 
can bo a1oColfic as foflwas 

to  structuiral appt eationo 
2 0 Porous cxt friottonni t torics a 

I4nol2ino and tool ctpp3.icincot3 
4o  tacctrtca1 on o1cetronto appliances 
6$ nnufactuà Of chomicala 
0. i180collonows oppl. icsattano 

Sh000 $net o vorioun int10 Of czn C UOtu rcil po to 
such no gocraq  cam ono conU ttU3 Z'o o0 Xn the pact, ouch 

parts Novo boon cido by cn tint,p for tn3 cir t criintn but 
t t p'oco t thcoo oro colo by poor rotou1cjtc01 tochriquoa. 

¶oco are fin44n3 o crotinc pplication n the rotor Srtuct y 
vith the troaàc p utcirtty of 0uto1 3tic troraatooton. 

The tzinufaoturo of ocif 1u lcut 	boortn3o froo 
iron braoo g  .b7 o tzo on of iniunialloyo have to be a 



ria3or application of thio procomo0  Thoco oro uoe in cr fl 

r tore of froettonal borao po r c, Porous oU000 a10 of 
bronzo oonpounic1 with iron po azono otablo frictional 
charaotorotteo and honco aro uao ao iiatOrials for ongino 
clutch platoa on 9 a'to lining of troctoro, automobil000  
airorafta atop Various .notal Uc tutors mcdo of atthloas 
stool pot flora arc uoo for tho filtration of various flu c, 

3) 	
2 6 

Cotoictol comontol oarbtdoo  a product Mr do b ► pocoA 
tollorgy tocbniquov  to u.acd for naobiho arts tool panto a Coro 

high roat anoo to uonw to of utmost iopø't,anoo, Xt algo 
onhanceo tho obiltt to produce coziontci c irbi6o tool bits 
of high hardnoao ond roar .rostatancoo  Grinding thools and drills 
oro endo by combining diacnd Quoi or carbide dust dIth ooftor 

Motalso 

,   
During loot tio d000doc9  'parlor rota uray hoc modo 

o Groat inroad In oloctricol and olcotronic flbld 8intorcd 
iron po dor products aro oopccin]..y oiarifioant ft? magnetic 

motorisio and coram, Coroo r ado of pure irons>  Iron silicon 
and iron niotol cro o sod in t,tng Waco aM gonorator 
arm- turoa0  Fodor otaUu rgy has boon successfully used in the 
c nufaaturo of electrical contacte tie oro usually conpoacd 
of tungoston or colybdnuz3 plan cilvc av ooppor to onbonoo 

dootrc& proportioo lito electrical eon ucttvity and roat.otanco 
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to host Sncor.norotc9 in ono pioco. Thoco proportfoa connot 

bo ob tnc by any othor '' y. Tzrnufacttwo of .ocp ftlwonto 

to anothor app toation of got o totnUurgyo 

Jnotbo product of in nrcootnG ttiportcLno ido by potto 
cotofluray to ti icory Coro$ for eopntorot  oboi the oiso 

of Tho hood of pin. Thoco ora cede of poor tooritoo. Ot4o 
tiojnota oro, oapoc tol1yp adoptc d in rod to urd television 
rccotvoro, conunicatton oquip-̂ ontc, tolopbonoo cyto for their 
ozooflont tomette p 'opor'tice. 

4!,  

The point on ptrpnt Industry to probably the largoat 

nn3 coot Importent, consumer of metal po ors 	Otto Ctai oso 

oteol po lors have fotmd applications in paints for bottom 
of rhipo nnx tan bladoo of oxcuot fcno to roto nitric acid 

f+an^nO 
r 

oldine oloctrodoo oro often coated vith iron potdoro 

to 59opoott Cora otal in the told to tnoroaoo the efficiency 
of the operation, Recently po der Iran to tntroduccd into 
oyccn stream of a cuttin, torch to of .o r the flono to pone. 
troto the rofroctory oni20o in litch alloy otoinlooc otool0 
Thin proc000 to alto OPpItcab .o to the cutt n of coast iron 

rind hig"i otroact i uatorthio, 

Above Oro the foo app.Ucttione of oior motoUury 

procoaa, In futurot  It to ozpectcd that aero not oppitontione 

till corao.np. Though, there are spas limitations to the 
applications of povdor totoi.lury prococco  bu ;* ultb an unlor 



standing of these limitations* the process Yell 
successfullyr continued. 
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Dur2.nrj the poot fera dodo oo Pa or otoUtr(3,y io 
vapidly comm into p'ominonco boenuco of its voroattUity 
In fctbrtcatft couplo, chopoo and production of opocioi. 
parts Biro co f 1ubricattn bo inga or otbor ointercG 
comppofontD, o1c t tco1 colt ` 1ctoo coi p situ ntor1u1o, Dagnptiic 

components etc,, It nloo holpn to oiiiui to tho noun costly 
rnzcbintntj oporstions ar r toriol booaoa in addition to tho 
rcJuction of other *onto such ao toolin Inspection on 
c ur-1it ► control, Of all tho s ott 1 pou3cr$q iron potdor is 
o30117 ProCovoc droop and vorcctilo* In recent yocro 
otntorcd iron po or couponcnto hcvo cecccdc in roplacin 
tho trettiona1 i%oric10 auth no copzxz brQabron2e oto. 
Aa 0 conaoquc- noo Its app3licntiono cvo rcauhcd c not, hoic►t 
can is boing nafocturc2 in tho lcrco3 quontittoo0 Durir 
t) o post tt onty yoorc the ,iro 'h roto t: rovihput tho uarl& 
has boon conaidorobly inaroa oot a 'ilio 'ablo.II bouc tho 
oovxipttorP of iron pot or In 1artouG yooro in 	vor o 

Tho bcroot conausaption of iron putdor is in tho 
produetion of ointorc Iron po toP3t, t-: th tho t2oVobopZ2cnt4 
of 8trcct rollin3 of otrip from pt .-800g the consumption of 

9.ron pot3cr tAll incr0000 trc oubli. Q0L60O outor2o' o 

Ir-Auvtry# O dor =3or ft+ 12o of 	.eoOton of iron pots' 

inc3udo uo$~9tn3 oboetroc1cov f1c. o cuttiurj4 cictrjnottc c 
oloctronic cotnponontoo xI3notic Crc c.cm2.v3 o chcz tan ► 
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Irduoti joo, Tho oEponoton of tho taco of Aron po lop for Mow 

opp3icottono vil3. dopor4 on a oonot oV ablo £c atton in tho 
t tco of poo'. 

In ordor to bo an socoptablo pzzoduot for tho potdc 
aota1lt13y i uotPy Iron poYAO? cunt have contain phyoIoal 
old ôhenjcrn3,. ehavoet ati+~o7' 90 ani, the tmpoPtant 0f08 ano 
jDtvon bo3o s 

J,; Tho coEpoottton $.e4 purttys; ontont of oho oontontoo 
acid irnoiubloo on noncotaUtc ttwivaton3 on th1ch tho 
o*tont of deft tion dopondo nod also the density of thv 'ion 
and oibto o4 parts* 

.. Mic oats ueturo 

3. Particlo size and she o 
4, Poj rate s n9 coa prosoLbt. ty 
5, Ropr iuoihility 

Thom arc a Croat anjr mothodo 	of producing Irony 
poc oc, oaob both capable of cal to p.c uctc tiith diotinctivo 
cho©ical and physical cha otcstico, Th  eco nothhdo y be 
o1avotttc2 un5o * Live ti th hetdinCob 

b„ R+9*aetjon 
` o Cc bonyl docotnpooition 
0. Atom1 tat ton 
4. !1octrolytto 

6. gb" poi otollurgianl 



Gonc'ally opoQktnr3, oath nothod of tho potdor production 

yto ldo a opocifto product s tth dofinito quc1itioo i.tch may 
or t ay not mako it cuitablo for particular appitcattona.,, Somo.: 

tion oovoi'ol onttroly different ®othodo of production rosults 
in poudore equally io .l eoptc to procoo to rno typo of 
industrial article. UcuaUy - each o,pp1tcotion roquiroa a 

pour with special proportion hith can bo obtatnod 01.7 bb a 
partis lar t othod of poor production* 

atond of thty in addition to the incentive of 

product a oro acceptable product at lotQr  Coat,, tho a iatlobt- 
lity of a particular rot uatorial hna hcd a major influoncso 

on the procosc volection, The Table $11 iota the world 

productign5 or iron poor in 1910 by ouch of the main procosc. 

croupin c anithe rnv znatertelc match c acs bo used, 

Thoco proc000o0 involve the red not »on of Iron oxido it► 

the form of an oro concontrato or mill 3colo by a coltd or 

CQOCOUD reductanto,, Thoco arc normally urcd for the production 

of pure iron 	A fairly unco tottcd, thorn producoo 

the lonot donoo typo of poi or, A nurb3r of rcduetlon procoasoo 

art aval ],ablo but the coat warn oro dcDcrtbcd bolos s 

1)  _ 6078 PROMS 

R,4,8 iil6 
Thto prococo 	ias f hotly► dovolop^ l by Stourin 

of ,mon in IO3 for tho production of upon a Iron* Later the 



I ogants company ortorit1c it for tho production of iron poor. 
In thio procoae rich oanoatto oro avoroQin 705 of Po to 

mixed c ith poilorcd 1t otono ori sotto hroozo. This iaizturo is 

pae cd in ey1tndrioa1 rofrnctor3r contoinoro 'morn as 'saggorat 
are boatcd to 3200°C (.e. at n tozporoture bolos the molt . 

point of iron ) in a tunne1 kiln t i.rouah thich the naggara 
oior► ty progroso. I3oceuco rc6uotton by colid carbon is a Oloti 

procoaa and also bocauao of lou top+ aturo omploycd#  the pzroeorma 

to a protracted ono tat tng eo er l Jaya to complctoo At tho 
rind of to roduetior, the coggora ore cooled to 2 ' C and the 

product, in the form of opongo iron eakc, is tatcon out modhanicolly 
Asa con oquonco of low tompretttro, absorption of impuritioo 

from the flux and tho reductant are at a minimum, the product 
boing a high purity, iron (. ,S )) u th a phosphorus and sulphur  

contont 'best OeO1. Thic Xe ground to pond or an the Iron 

is ooporatod from icZurtttoO rice n0ticolUy. Part' or nnnoaliar 

to donc ardor h3rdroGon atoosphoro as roquircd in ordor to 

produco desirable partiale ehar,otor icon The flot shoot of 

the nroeoan is .given in f tgiwl. 

Vnrtous mod if loations hcvo boon intwr uccd to thio 

proeooa from time to tiro to Novo the quality of the 

product on oconora co„ ''ho it mont onoo era dtacuoaafl bolo ►o 

14 
t) QJB OF SILICQI1 tDIDI3/1-a Ti .L3c CLItDtR3s 'h000 cylii9ora 

bavo high thorriol conductivity port tto a fart roto of 

hooting and cooling and thus reeults in loss ovor 	,.1 ti 	, bettor 

utilisation of fuel and possibilityof quenching from high 

tomp atu oa* 
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21) USC OP CALCItZ1 CARDIDCv It can function both as a rcducfti  

;Cont and a fluu1n3 oGosat, The ronettoi is ozothorD.o Co by 

thort o1 anergy to rcqutrc o terry out the reduction, 

itt) U3B OF IIUTT3BtS OF REDUCINGAO NTS: At the Brovary stool 

p3ant
1  n U58R0  the uCQ of both tood ebarcol and guaootis rcdueing  

nConto are practtocd 

2)  

Thio pro0o0031189  x̀70  tae dovobopcd by the Bothbobci otool 

Co od Eydroec bon Rooenro) Iuoc tfl 	In this prooaao aiacd 

Iron ore to prohoata6 to a tooporature of 4GO8C and is fed to 

the top of :a reactor vowel (f ,3). Reduction is corrtod out 

In three different zones of t'lUtzod bode ora the ore is transforrcd 

from bed to bed and finally d iocbez*godd at the bottom of a hopper. 

Preheated hydro jcm Is iced an the rcductnj aront and it enters 

at a prossure of 35 atiuoaphore of the baso or the reducer and 

pancos through there three bolo uhich are In aortae reduce 

the iron oro to iron* The reduced oaao is anroabcd urnor nitrogon 

atzaoopboro at COOG50  C, 

3)  

In thin procoac 	iron ozido to rcduocd ytth 

ga000uc reduotonto ouch cc hydroson0  vctor coo etc. Bore the 

mill 000$a contatoin 4 O.6S3 Si to drtca In a 6rtor 9  crunbed 

to 300 j  ur& ozidtocd In a rotary Coo fircd beating furnace 

at S70.C2O°C, Hooted and outdtcd pov or thuc o'btctned to Impt 

on a conveyor bolt into an electrically heated furnace at 



I 	I 	Vessel for 
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FIG.: A Schematic outline of H-Iron process 
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tab C in hstroson atcophcro0 Tho roault n✓  aorta . to procoacod 
to Gino tho 600irc gotdor propottoo0 bo procoac 1a copaza. 
t tvoly oboap duo to abort Limo of rc uctXon lott carbon contont 
or B*tior ari rcduccfilabour and aniknto-nanco costo. 

The toUou1n13 tt  t ot:nt eadiftoattono in tho Pyron 
Proccoo arc r'ococ td I•,. 

t) US1 OP OTRT R CBt P RtDUCXtG AGMT3 In $opcm Bator aEO 

In U$SR convortod natural Sao era ucol ec rcducftitj neonto. 
to 

Rocontly tt has boon reported that not :no can aloo be uacc 
on tho reducing agent, 

fig PfODUC1IOfl OF ALLOY POl!D c Xnatod of alhl. ccr o~, the 
alloy ucalo can be uced to produce alloy 	era, In anco2° 

the alloy iron aeon contcinintj 3 Chroiitta cn lntuia 23 
used for the production of pe oro,, 

In thia ooth.od the iron ore co ontroto to firot 
ceictncd nt COQ C to burn out oc bon r1 cu1jtur and thon 
it to ninc9 utt) coorctol cdctnc a a etounttnj 3 to 4 
ttmoo than thcortttcaf .y required fohloticd by Qwtn2tne to 
GQ. p oic3. AMID ciizturo to thon lodcd into a vortical 
otcol tuba retort  vith a hermetic lac and Novo Iron Vona 
ao anac l one over the other in the fci of oMach* }Tydrocon, 
to cupph tcd from the bottom of the retort to reduce  tho charao, 



`zbo rocutlt " prcthlat to in tho fort of a c t o t is a poouo 
OT 3 ? C'JDo and t iia CLQ cood u or 'I yarocon Ltr oopho o0 

1tfc? cfo tho catsoa 2a 'oun n otool baU DtU Coatci2fltflC 

uatoL , It azo o thou loachc6 ulth ac d tt ict hot tit or 	3-Sa6 ) 
ani anally tho poor to tiathc utth atar .o dried in 

Vaaa+2a vtag at BO 4O C. Thin poor has nacconofuily boon 
utfltnc2 for aintorcd wasnot , 	tio cams otc 

Thto pr004aa to bancz on tho intorootton of higb  
carbon Iron pot or alta ro3.ativa y paro iron outdo at outtablo 
too aratai'oo to yield iron potor At Porrt m C ipariy.  of Carso 
an oloctric furnace to used to r elt oynt .otic *cot iron uhtch 

to then theta and atzc pith iron ortdo to + o arburtuoo By 
controlling atnoa3pha,L'O during annual g, and ociploying torn 

docroa of Caoeouo rc cation a conoidorablo f3 b2 ty can be 
tntrotcc1 In the irococo. ¶ibo Iron pow 2or obtatnc8 by thins 
pr00oos can be #oDpaatc3 to htb donoittoø0 . olo to baeauoa 
of tho raoaval of carbon by outdo from the &Paco of paxticloo 
Baa caabo ono tdo to Diva a coft fa a tto layer at the aurfaco 

t Mcb iaarotioo eocpacttb ity of the pot or. 

RcAucti.an pr0000000 tend to atvo agony irrcculor 

c' a 	parti oloa having a rolativoly 1ac0 ozy on eontont, 

A fawly bich, a :ai t of itpirlttoo CPO procoat, i'Aaao potdoro 



ha ro a r olativoly lots epparont donctty an eomproacib lity 
tth1ch toi h to bo rc ucc by tho 1u)uritioo procont0 'harp 
impuritioc oloo tom to morocco dio toad* Potdorc producod  
by reduction of mills COQ1O aro mouth cn6 cphorical oW boo 
a high Flot tati0o 

Thorn povaorc oorvo as otartini catortals for ivary  
tagnottc end eloctronic componontuv cocttng for tolding 
oioctrotioo ori for many othor ct3oU cizo eintorc parts of 
Int icato + ooign* fli t, purity iron povor In uoc 2.n tho 

outor ob .lo Irductry for ntfti ports lilto mnanotic clutchoo 
paghtng rin c, V01to, tappet badtos and castle clutch 

22 
cglin oro 

110 2,2  

This EiothO8a pics its ortzin in Gorrnzny: vboro 1o0o i'obron 
Inductrto produced cornoretal cuantitioo of iron potdor cri thon 
It *ou do' olopcd by 2ntornatior l 1,71o'i-ol Co, in U#Zo for the 
production of both nic'tzol and iron povora. The procoso is 
booed 	on the fonction and than docompocition of iron 
carbonyl Fo (C0 )6 tbieb 10 liquid at room tQDpcwaturo but boils 
at, , CO The iron co'bonyl to obtained by pa.cain;3 carbon r onoxtdo 
over the potdorcd or cpouy iron in a pr000uro chribor at 

0 proocuroo of 700200 otcoophoro and t poraturo 200 C follor~cd 
by condoncatlon and otoroco under proscuo„ Durin3 tho loco 

0 pooition, the toiporcturo of the cbcbor to rnaaintainc d at 200 C 
oo that tho liquid carbonyl bolo, M the proocuro is reduced 



-,IC« 

to $ 0 0ppc.''09 tho 2o cboy2 vu90 rO dccOMPOW 1 OM 
®Op3c2t a0 CO$c1 pot 1c in o io4 a ooaa Aho &+)c& 001tiof 

anti bo fQoi .tatc by tz2.rj tho 1t'oa OoL'10 tl t ith a otroczi 

of Trot I +rt Goo Duch no nat?oCCt?, AMP d000t poaitto  tho 
potio1 can bo ccbontao11r CrOI1 U fur or r tuction of 

aico 10 requt'c5a 

In C f it has boc coji1 that vory flno particico 
of 0tc 0.84,0 .1 con b obtained by tho of docoapoottion 

of Iron corbon i1 tth ntoa taati,on ooi contritu;ea1 nozBloo of 
to ontto3. or oorot type* 

Carbonyl patic3 oa co re3uor osd apbortca1 in ahapoo 
Tho p t'dor IC) of Friab purity and ha a fier porticlo otzo0 
f.3rori porttc3M also dto tbutton and a biChO' particle donaltyo 

Incc d carbonyl poor acnoroflyq are the =at donco of any 
iron po i , Tioy bavo o collont otntortn proportloa, Th000 

oro bat auttcd for perrocont t3CCnotO, high froquoncy iron 

oorou coils an voriocao other ccsotla app11cattono. 

II, 2,2  

193-60 € 0~ 
Atotstaatton 	to bocoolnrj the toot tidoly 

uccd coE2orcial cothod for tho prchctton or Iron potor, In 

thio mthc tho rcu c tortol to rnrino3ly high , r o ocrop 
t 1 tMc I n co1$e in on are : or .no rzco 'D furaoo, The roleton 

cotal 10 forced to com out of a mma l.o and then aub3ootcd 

to heavy bloat of bi s pronouro afro thon Sao or ltqu2.d OotO 
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Oithcz Uwutjh tho coron nozi.le or neon providc 4 copa'atoly. 
Tho 'captent otroun of rolton rotctl is djointo-cratcd Into 

fino Qroploto tthi h oro frorLon of o' by fr or paooaao 

through air or by quenching in a motor tank, The solidified 
partioloo are dried and finally annealed to givo the required 
product potdor.. The bade principlo of the process to chores► 

in ftg.3. The variouo -procoeaca developed in different 
eountrico by different sort ora arc dcacri'!bed bolos n 

The procoso to use by !"+annomam 	in Gorniny and 
Boston in %I and It utilizes a hob corbon molt and comproasod 

air as atomizing agont. During atmAzation tho po or is 
partt031y O2tdt cd thich is reduced by Carbon during annealing0 
In Canada the process utilizes hi purity pig iron thtth La 
atho€11scd by tutor. Reduction to Carded out in a protective 

otcoophoro, The high carbon granulea formed by atomization arc 
atom and reacted with 	. $talc ('o3O4) at olovated temporaturo 
The carbon in the iron and onygon in the sill socle react to 

produco a po dor having tho rorjuircd properties0 

This process ° to dovoloped in Canada and uuos 

the cotton iron produced duz'in$ the titanium bearing alone  
t!olton iron to fret tranaforrc6 into a furnace and ouporhoatcd. 

on roQCht,3 the oppropriuto for porotuo0  It to atomiocd into 

fino solid particles by 1cpact of hick prosouro t9ator, Po ov 
portioloo of proper site are then treated at high tomperatutro 



in o conti o11cd ntmoophcro furn co In orf of to rczovo ftn€1 , 

traccc of carbon on onycom, During turn co troatcant paiticioc 
1 c ve a tortdoncy to cge'lomoroto and mater to none o ont,0 Thto 

ointor enko is broton docn by a aogtoo of attrition cillo® 

496 
In, this procoso tho Ctroam of lton netoi is broikon 

up into ana11 droplota by iwpinimont of a rototina disc* 

4)  

Thin pVocooJ too dovelopcz in t1.$ I. . * fl o aonoiotont 

ht# t Credo scrap to used and. oubcoquont annooltng Of atomized 

porticlos rc8ucos corbon and ozygon, to vory Lou 1avolo 

4tor taction procoosoo can bo operated to aivo ophorical 

or irroculorlq ohapce paptiolose AtontcP4 poor is cbnroctortccd 
by high opporont 4onoity and flea veto, Good comproonibility 

.0 obtothed by havih vory euro fully onno1cd porticloo, tIhon 
proalloycd potdoro oro adaq orch particle Novo tho coca 
compoottion as that of tho colt from uMci It voo iado~, 

Scs3l quontitioa of oloctrolytic 	iron 
potci' aro pro2uccd in covo'a3. eountrica0 ''bo procoos i0 
boco'C1tflC 10013 popular duo to bttbotr cost of production cocporc2 

to othor uothodoe Thoro era to tiothoic of producing iron 

potdor oloctrolyticolly. 



19 2loctrolya2o of a uoouo i oiut:.on8 

20 Cloctrolycto of fuoc9 aolts0 

tW IJI 

	

In this method 	forrous asotos, crap, nil . cede 

as voll as lou grade oro can be used as Otorttng material, 

Porrouc suiphoto or forrouc cblortdo is Used at the olcatrolytos, 

The Sulphate basitb produ5os more ref tnc1 product uh4la chloride 

bath at high torperaturo results in Grcotor rata of dopooftiono 

Gonoro .ly chloride baths are proforro t -,a their coil voltage 

to louor and soporation of Iron go er is castor, M Modo 3s modo 

of impure iron, steal or cast iron, '"`hare arc two methods 

for the production of Iron potdor by this process which are 

as follows: 

a) _EM-2.0 A 	 WIT 	 N' , 	in this Wiwi YhMM`„ the 

cathodos arm usually of stainless steal scot„ The cols Uro 

cold restotont* Upon electrolysis pure Iron perttc3.ea are 

dopo itcd on the otainloss stool Boots as a spongy or solid 

nano, leaving impurities in the solution, The deposits oro 

uaobcd ar ni.1cd to desired screen oUo and then annoolcd 

. to soften and to oliminoto bydrogon rerafhig from the 

oloctrolyoto of iron& The particle afto can bo controlled by 

chnnain¢ the currant density. 

b T Cxr~D 	Qt 	iron to oloatrodoponitc 
fron cquc ouo forronao cuiphoto eolution on a liquid mercury 

cathode, Though tho colub2htty of iron In mercury 



o O4. 

D40 to only of tho odor of 10 porcont it is oaail.q vottc9 
by eoPCury0 Soporation of iron an s orcury to corric out 
by filtoration, centrifuging or by oonottc moans Polo 
by d iattliotion. 

2,1 h" .:C"'RC SI r_ F__F33l D Flt 

31. 
In this notbod plg iron or cponto iron to uccd an tho 

Dolublo a todoo and otthoa, oodtuo ch1rtdo is uacd ao on 
oloctrolyto or a Eii uro of o6t u ori1 patacctum chioridoo„ 
Tho olcotrolyto is prepared by moltth oodtum c'blorido an  
anhydrouo iron chloride in a niofol vooaoi In an arson or 

0 nitrogen atmosphere at 8 	C 00, Aftor oightng the ado 
rantortal to charged into the anode bo,a1.ot thieb is tigbtly 
cloned and purged uitb nitrogen. It in thon boatcd to roquir 
tomporaturo arid tho roquirc level of fused electrolyte to 
ostabitobc . 

The eathodo made of otainioaa otool. to I orocd in 
tho fused electrolyte and direct Curront to o +ttcbcd on* After 
oloctrolynia, toto cthodô deposit to coolcL rind died (td 
from tho co" holo to a chamber purgc'.2 vith inert can• 

The cathode dopoattn rind aceelo r'ooiduo taro proeococd 

~►ydrofltDtnulUrgiCflhl7, The do Otto ero then annealed under 
hydrogen ntcoophcro at O0 °C to reeve on24o filmic on tho 
surfaco of pnrt2.aloo, 

Thin mot od to ouparior to aqueous colutton olcCtrG 



of tnaolublo Iron compounds from aquooun aolutionn6 An t ctd  

solution of Fa C containing a poly vaccharido stith no 

8 ztvan is added in the form of drops or sprays or by violent 

n4.ufna to an olkal no procipiteti ; solution U. Lo ax nte Tho 

foi'raation of the golattnsum precipitate of forric Sy4rortdo 

normally obtained to completely cuprosecf with tho production 

of polo ?ho amount ofifyiu(i agent and the mothod of mixing 

control the uizo and ahapo of tho (Sol. particlea0 The gels arc 

thon age& and rtaohcd thus affecting substantially tho purift 

cation9  those are then air dried and pass into a reducing 

fur ce at G0O7700 C and arc reduced by hydrogen, or CO/CO2 

mhtturo, Tho resultant product is obtained in the form of 

Iron poudor0 

The outstanding chorrietorstico of this process arc 

to atnplicttyg  its vorsatility in the preparation of motel 

potdOro frog the sero easily reducible o3idoo and the great 

range of size and ahapo of the potxlora that it tnaIoo poautblo0 

33 
in this orocoaa an aotdtc colution of forrous aulphoto 

obtainc 1 40 t, aato pict to liquor frau pickling of iron ani 

stool Ia posted to give crystals of POs0$.7fl20 containing. 

Gone pro acid and coisturo0 Tho ferrous oulphato is dried at 

60100°C to ytold porticlon of viM 0*2 to 3. tm din Jtor and 
0 

than trootcd In a f .ui2tse cd at 200-300 C to rove toter 
of rocryotallizationo The dehydrated salt 1.0 further. treated 

0 
at 200 C to convort proctially pure Fol  % t hic i U boated in 

lunpa of block graphite to yield iron polar 0 
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4960 
in thio inothod 	any iron boarinj mutorlol much ao 

iron oro, ocrape  pick,o liquor, 1ot rado scrap ate, can bo 
uccd • Tho Iron booriu food utootk to firot leached with hot 

hydrochloric acid to Give a colution contalzi , ferrous 

chloride, Bydrocan gas c olvcd is rocovorcd for oubuoquct 
use, Topurition aro removed by filtration and the forrouo 

chloride colution t. cont to cryoto].11ccr u'horo it to booted 
to flash off rotor and hydrochloric acid,* On coolin the 

concontratei1 liquor ytoldo euro forrous chlorido totrahydrato 
(PG CL4flO ) cryutola, Thesa eryctala arae floab dricll and 
compactcd. Tho compacted rocs ta subccquczztly ,rcduacd by 

hydrogen in a reactor*  M 'tor rcduuttono the sponso iron 

brtquottoa arc produced ii.ch arc than eoolcd and around to 

pow or 

Based ou this cothod Vood-all Duet.,ham Ltd of I nglond 

In ascoctution with Pcaco River' Utnthg an "'n lting Co. of 
3G3?,4OD2 

Canada and Research Council of Alberta 'hams plamd 

to build a commorc fns. Iron poor plant nam' Ind car, Tho 

floe Moot of the proc000 to giron in fls,,4„ ""iia plant to 

onpcutcd to produco Cory high purity of m or t hicb can bo 
dtvootly converted Into t1 o foil or pug-or .cxtallurgy parte, 

In this prococo carbon 3 ovol can oaat . r be conti olicd and 

alloy con be produced u9..thout adding much coal:*. 

K 



r 

B na,m,a an•ir ~f•C",.,. Man 	h ]rwp 

Fto.:.—iron ponder process: flow diagram. 

FIG:4: Flow diagram: Iron powder production by Chloride 
reduction method 42 
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''moo potdcr produec i is Irrogulor in s3hup and upoogyo 

oath part ClO couoiotinG of ogglooratco of iron of o sub 
pnpttcloO. Thoso oro cztroiuoiy pure onti no crnnooling Is 
*oqutz'od. The poor bee r3oderotoly high uppo ont 4onaity 
en6 f3.ou roto togotboo tsith aocalloot oomp?oos bUtty, Tho 

poor La uçct for Fillers, Goo ro# puu po . eomav bra 10 druno 

ofd Connoctio3 rode in ►utomobilo ixuotr;. 

11* 11~I617Ibtl 3I, 

4,46 
it to yell oetblLsd 	that the corrooton of iron 

in o~uooua medmedia is i'coaortobiy voit. represented by the 

fo3loi4nC stopas 

to .M d.ic di zsolutton espoeiol3.y at rnin boundorios 
2+ 

5 ---,. I?o +2o 

as cathodic liborotioo of hydrogen via tho foilovina 

ota.gool 

1,) tlfgrotiofl of bydroeon ions by 6iftua onr ]. and 

eorwoctivo prova0000 ikon tho bulk of the solution into 
t!! o electric doublo loyor surrounding the cat ,6ic oroao 

it) DiochQrgo of hydrogen tons In thon electric doublo 

loyoro foUov by udcorptton of the root,ltnt U.aton on the 

iron surface (! ) 



111) Combination of tho cccic*rb H-,ntot o 

19) Socordory dtocho',00 of hydr000n Ions 

Tho obconoo of any offoat duo to odj9totton . of the 
47 colutton confus the fir8:njo of tho Lot ~!mrov that 

the dissolution of Iran In BC1 to not 1tottc by tho procaec 
2(t) but to controlio3 by the diffusion of hyyroGon lonc 
into the ota3. surfaoc, The effect of forrouc oblorido on 
the roactton rate cny be duo to channo in ehaz'uctt of tho 
o ,o trio 6oubLi layer at the oatlhqdic arooa lecidLn to a 
loortnt of the hydrogen ovorpotontlo]. anti a concoquont mr troc co 
in the rate. 

Although the diocolution roaet .ori to ao o oto1p 
o7tothermic 

Fe 0 2U01,(QQ) 
	

Po Cl. (ocG 	E, 	00 z Golf's*).o 

49 
It to FOU d'I that , nior typtc1 conf .tion of oporotion9 the 

font roqu9.rcc by the acid and iron foc o to roach the oporatij 

tCxziperoturo almoot boluncoa tho reactions heat, Boat l.00coc 

fr.ot3 tho oqutpzcnt an the ovporattcan of t tor, oc a rocu3t 

of bydrogon ovolution require that e to J. boat r of bo 
ppi tcc to the oyctcc to aaintath the tom . ratuo, It hoc 

0 boon fourni that the roto of diocolutton to maximicc at & C. 

11.4 	CFA 	 11 

The reduction of forrouc chloride rith bydrogon boo boon 



Dt acfi no o pocctblo cor22cto1 ronto to ton„ A1thouci
0 

a conctdoi'nblo tort has boon Bono on tho thorccdynocioo of 
4orrouu chloride Eoactton in the pct butt the otudy on tho 
ktnotlea of the '000tion boa otortc d In 1CS3 ith tho foaoibility 

80 
of cotiocici production of iron poedoi' by floco ob Council 

6~  66 
of Alboz to„ fling end Cotox1zcwa 	ov Y'o opouloa z nd 
T cr30110 I Va tnccottgetcs tho Kinetics o ` tho rnuatton cnn 
p o col eochani OD. 

It b.no boon told. ootobltr31o6 	that the 
motion of forrouo chloride oceuro at the chorply dot inc 
roioti.on front i4itci advarfcoa linearly;r t tth titzo tanto'  
conditions of oonotont gas toaporoturo and coinpoottion touorda 
the canto of the pullet. In this typo o? topochcmlcal roaot .ons, 
the bydrogon Pitot oouo in contact tth the pellet curf000c 
rc ucoc It to Iron and bydro0n chloride eomoc ont* In th.lc tiay 
the roaotton front iovos tvørda the oontro. The cool Is 
€hown in Fig . 

The odoroll rocotion involvao to follo-ttn 3 atopoa 

1. 	ofc' of the roactent Sco zn product Sao 
t rougb the boundory loyor around tho p t1clo, 

2, Diffuoton of thoca coeoc thtf the vcduccd lawyc?. 
0. Cbc tcal rooation at thc. tra~►ci n:co tbich to 1n1t1atcd 

at the curfaco of the part .olo and thon rcoc du Sntrrordti cc 
roduction prooroOcoo,. 



N2 

Fe012,, 	HCI 

Fe 	Stagnant 
- 	Boundary Layer 

FIGS: Topochemical model for the reduction of ferrous 
chloride pellet. 

FIG.6: A cross sectional view of partially reduced ferrous 
chloride pellet .5° 



- 7. 

Tho roou1too prof uoc9 by tho tuvoctiiztoo, gtivo eonfltcttnr3 
civ 4., onoo no to the nrstwo of tIo rogation. The conflict to 
oononttally a c UOotIon of or the 'ata of roaetton, un or the 
ronco of conn ttlons in thtch tho o ori onto t 'o eorrtoig out,# 
tano controlled either by d ffoolon. (stop 1 nid 2) or by abomteai 
reaction (stop 3) or by n combination of both* 

11.4.2  

3oetiono of partially rc .ucc1 pellets ahovO a d$otinot 
EI 

into fnee botticcn protuot W. appa-rontly u~arorctcI Coro aa 
hhowi in 5t.6. In poxoue po .coo as sharp intorfaeo ogloto 
only for the sane of a honton1 roaottofl. But Oven U the ronctios 
is not fnot , it can stiU be v afin to a na.' ret-r sono ou'rourtdinij  

on U oWWto3 Coro* 

The rugs of iron .fore in of y nftutoo taco found 
to be inverse function of the coneontratton of hydrochloric 

61 
ao W in tho face. This was oxpioincd by M gg that the 
reaction rato ais proportional to tho difference bottoon the 
cquiltbrtul parta1 prewar o of iy6rogon chloride t the 
reaction !°  °° an the partial proosuro of 3 ydro tori 
chloride in tho hydroeon atrooD. It aloo coafioa that the 
topocbor1tca3. nocboniom of the reaction onlotao Tho reaction 
rnto per unit area of the reaction I ntorfoco f'o? the follot i 
ronat 071 

Fe Cie (a) 02 (c) v j?o (D) 	C1(C)  
r 

to civon by tho ostpP000aon 
Q cTCo s+ i~a1  

no Tz 



By cileuintlas is valuoo from oquotion (2) , it uns surgootot 
that tho rooction r ►to tiao oub5ectc8 to oioplo choo$cal control 
but on this basso oot o footurco of tho ra uetion oyotoru could 
not bo onploinedo por ozinplo tt i'aa found that hydrocon 
pr(x3zoo Upto 1.4 £3 a .60 not affoot tho vato of roaction 
appreciably 1 t baro as doorc3onr3 tho parti L. proacuro of byd.rogon 
produuoa a douroaso in the rouatton rato, rurthor .coro tho 
courco of the rooction usaa apps cd to he oiut dopondont 
on tc, peraturo gra6tent In tho roaction flofloo Toi o splotn 
thorn procoa000v, it uau cuacoatcd that the reduction d000 not 
pr000cd by tho diroct route Impliedd by the not oi1ibrtuzii  
oquatlon C]) but involves Ferrous chloride vepours uccordt to 
the oquutiono 

Pu C (0) 	M Pu C ; (vapour) 	, o. 	(3 ) 
Pu G1 (vapour) a t (ci) Fa u # 	C 	+~ Q o (4 

Tho forro o eblorido vapaura can dttfuco unhindered by 
the RC1 oqutlib tum barrtor Into tho tntorior of the roaction 
sono so that it can react under otoudy ctcto cor4ittonc tihoro 

p < p o It tiuis CofC]!Zt Cd that the f.ot roto of forroua Ghiorido 

vapour a into tho reaction sono weas o.aaonttn ]y proportional 
to the difforonco foronco In }TCA. partial proosuro o:.i0tW auroou 
on¢ira reaction cono, A factor B9 to account for the tncroaocd 
offootivo roototonco to diffuoton oncountcred by fC1, to 
introduced in Cq0 (2) 

,~ a~ 2 VCO 	~q ""~. 



Co thoro are tue n oono of olouin doun the roacttono 

(1„) 8ocroaotr the partial prosouro of hydrogon ouch that 
otornation of gas token placc 

(U) itnoroaa .ng the back precouro of 1W). 
Ronco the veto equation for this case 'Vi11 bo 

Bro roprosonto a constant d Ufusionnl rosistonco Candor con€itant 
proocuro an9• icothorrnal conditions and is equal to B (go ..V )/pub 
13 Ia the roslstanco factor and to approzlmato3y equal to the 
ratio of Fo C12 Oaturatcd vapour prosouro and oquilibrtum. HC1 
partial pro0GUPOO p 

U the above mochoniaiii to the pr1nctpa3 veto control1 n  
procoaa In the rcductton of the pollots of 1, C12.p tho reaction 
front utU advanco at a constant roto touardc the contra of 
the pallet and the ploto of fractional ponoratton of roaction 
front voroun the reaction time i1). yield a at~ht .1 nac 
at ear iooc tonporatu roa ao ohoun in ttgo?r o 

60 Rtac Qa4o the veto equation in toms of fractional 
porotrotion as s 

0 7tr (1:& 
lG6OO/fl 

The valuoo of apparent onorcy of r otivotton for tho 
reaction uoro obbatnod from onportomtol laloto of Arrhontho 

81 8D w 
typo by variouo c itoro as 1f3*.13 9 16x6 c 1O8 It Cola/loo 
Thoco valuoc cu Boot that d fuoton ploys a aias~iftcant polo 
in dotorr intnj the rato 4, 



00 	00 	40 	00 	lQ 
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l 
io 

FIG.?:  Typical fractional reduction VS time plots for the 
reduction of ferrous chloride pellet at various 
temperatures.54  



Z .4.3 c 	sCni E! 

Mforo boin roactc2 1tith h 9hoaon polloto of Po Cho 
contatnin3 I,.? to 2.0 E oleo of uator par nob of ehlori6o 
pollotc t,oro brought to reaction for %oroturo to nitrogon 
atDoophc ro. 	Afton tho uator pic drivon out tho -pallet 
rortainci vhieb oo porouc enough throubout on night be 
oupoctcd to offor a little or no roolotanco to the diffusion 
of hydrogen on hydrogen cb3.orido0 

It has boon oboorvod that tracco of iron ozdo 
prosortt in the pollato of Pa Cl2 to rocdily rcdaccd. Thio 
above that tho hydro on Can can ponotrto çjutchly into tho 
pallet at boat in the initial:, atago 	Pboto of factional 
penetration of the polioto by the reaction intorfaco indicator 
a constant roto of advance of the Intorfaco0 Th to ucually v 
though not unoquivocally toison oQ olvtdonco of chemical reaction 
control* Yonnopouloo ant ihcaolioo Cavo tho roto equation 
for the chemical reaction control no folio ras 

[ m rc 4 	I l t (3.a n 1o,~%e ) o 
 

6 

d 

Toy 0calcubatcd an activation onorc of 27.5 Ti Cal/Moje o 
Thio figure of activation energy to r. ro in koopintj t2ith 
chcz ioa'1 traction E'ato controblc6 but atM it to on io 
l.or~or atdo, 



It to not clear fPon tho abovo ovtc orco fiiother tho 
reaction o 9 be roonwt c l on c czIcal rcact2on or diffusion 

6G 
oontrol1cL Recently Mplyola ano FPoi otudy tho lttnottca 
of rotcction of amng10 pellet of F0 C1J in hy&'o$on by 
t)ooiwovtietric r othot and t io,r obcorced that a otin1ficant 
voototanco c' toto to the diffnaton of gao dough the particlo 
Of hicb tho pollota cro Co ac 	They cor ted out the 

o or l nto at for poraturoc lou orocgh for chs tcal rooction 
to bo oontrol1tn and obtatncd an nottvmtfon onargy of 30 K Cal, 

colo of forrouc chlcni4o0 

The follot,tnC factoro affect the roto of reduction of 
ferrous chlorido0 

(,),_ 	~F RRC1 tt l,t~ _.RR Fll 

The hydrawn flou rate affcoto tho t~inottco of the 
84 

rc 2uetion of forr000 chlorl2o0 Xt hoc boon roportcd that 
a variation in hydronon voloetty upto 10 Cn oo hoc gory 
lituo offoct on the rate of rc uction of Fe 0120 fiomovor 
boloa 1~0 cc/1oe, the roactton rate to a o ly dopondont 
on the coo velocity ac oIiotifl. in SAO 8• Qa000 f ?c 0 

otoenant boundary layer arot tho pa . lot O Ac tho flea rate 
of the retuctwj (Sao to LncroaEod tho cteIrnooa of the oto nont 
bona1 y layer to rcl3gccfl a tho Ototo la u000bcd mon 
the ota(flcnt tOu a?$ layc2 to not cV.col Incroaco in 
11ve roto boyottl thin lit wilt not ho any affect on 
tho vc6uctton VOWW,* At lousy volOOSUOo thio ingnatton 
givoo rice to ccriouo fCS. best proocaro thtO affooto the 
91notioa of the pr0000a0 



MAN — 

FIG.8: Effect of gas velocity on hydrogen reduction of ferrous 
chloride pellet.54  

TIME mins 	 _ 

FIG:9: Effect of gas composition on hydrogen reduction of ferrous 
chloride pellet.56  



i o tho jwttoi p "ooCupo or ', yapOCC cao to rcdoccc 

by inoron n 	tho . partiei p'000u o of nit'ogon In a .occouo 
~rizturo of H2 nrd ! the Rate of rcdaetion to oleo 
rcduec anti tho froetXont r uction to docroasod for the 
Demo intoR vat of tine boocuco nitrogen auto a n d iluont 
and it ro u000 tho altos for the adoorptlon. of hp+ &ogon 
gas on the exy 7tol curfaco0 The effect of Gas coDpositton. 
on the frotion3. reduction to quite e1or from the i orL of 

66 
1 r'igo1a nr D'otn and to ahotin in fiCeoc 

54v56 
it hao boon 	obco ed that pe at Otto has no 

aigniftoont effect on the rate of frootioo1 oonvoroion0 It 
tniitootoo that 'SCI cri B2 gocea zvo through the poflot 
titthout t tfftou t 70 

It ,uo thou it that intorpollot porooity ctgh.t 
be offoetcd by the proocuro uced to poUottoo0 Z4trtyole 

66 	 .2 
and Brovn ucod four pr000laros upto 3.40 Eg/cu for  
po11otiainjo but no nigniftoant difforonoo twta obo c d 
in the oubcoquont rcductlon and it veo found that ovon at 
tho bot boot proocuro the poiloto trcro of a z uffiotontl r 
upon OtructtuO after + chydration tsioh ! tho' ' oaotog the 
diffusion of the ronetant and tho prodctCJ, Thus the 
ciohydrotion tncroc3o00 tho po?ootty of the poiiota and 
CoUpaCtina proocuro tiU havo 1onot effect on Ito 



olyola boccuoo the porcisotblo euxront donottico durtnrj 

oloctrolyaiG I,n fuc.d oaltc arc ht 1w? than n nquoouo aoluttoa~o0 
A a't from th2a, in contrast to fused oaita0 iG is 6iffieuit 
to obtain podor st h n predotorainod particle ciao is aqucouo 

The moot usual shape of oloctrolytically pz'oduacd potdora 
ch ao,6M by 

to doridritte although this can boLpltort tion of processing 1vurj. 

abioav The particles era noar solid and entroiio1y pure, 

Subooquont annealing cottons the pot flora. Thco particles hovc 

high apparent doanuity,, ozeoliont compressibility and medi,n 

green atrongtho The pou+ oro ore suitable for the production 

of mngnotc0 magnottc coros htgb density conattuctional parts / 

and alloys Lith special olectriu,, oagnotic ani } yoiccl 

proportion. 

It 'has long boon rocogniaed that It hydrometallur- 
4 5,,32 44 

(31oa1 	proaoaoos could bo applied 000noaioally to stool 

a closo control ovor quality can bo obta9ncd and 

conooquontly lou grade scrap con bo ucd to Produoo high 

purity produatcs A fou ottcaspto bavo boon done duriM lost 

docado. : omo of tho; o are d ooar ibcd below 

1), ET4PtFCP3~~1~ 	P,A~S 

32 
A navel procooc has boon dovolopcd for producing gold 

d 



Reduction of f Qr%QUID chlort6o In n tbo o11y r►cttvatc i 
pro00aa, thorofoi o tho s'atQ tooncoo inti tflZ'ocioo in 

61 5264 
top aturo* ft j and cas~orlsaoa 	found a. ?ouiar 
incroaso in tho rato or rce3 tioo in tti towpcatiwo 'ango 
of 	C ar4 oirniiar naturo eas a 	nftrrncá by  

66  56 
Yannopouloo t ra ThemoitoD an fltr tyala. and Boun , Tho 
Offoct of toporotUO on tho rate of r Iuction to ats n In 
fig,?.. 

64 

Tho effoet of bdrogon pro sL O on the z'ato of rc duc 
tLon of foroue ciórtdo is coi1 and is Ohom in ftg,8,. 
This - s snottivity of proasuro is attributable to covorol 
op at fact agi, Por tnottine0w tbi diffuoton Coefficients 

of Rol ao and _ F C12 vapore aro ,nV Q .7 proportional 
to tho total pLOaar O i o tho ociu2itbriun partial proosuro 
of EC1 coo incroasco t tth tho oçuao root Of total proosuro, 
Thea tho dooroanci diffusion cooffictont is countor bnlonccd. 

by tho to c ac2 valoo of oqutri 	,a pc'tiol proosuro of 
RCI Ono and the docrocucd value of difftu3tonal roatotanco 
facto!`, Thlc infera that tho groltb of iron pctrttcloo 

u' be aoac at roatrictc6 at olavat 	iooaura but not 
doftntto ozpcnitttwO ovidenc4 'tea co far boon obsorvcd. 
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As it h~aa boon oDertbczS In Chnptor 11 that baro oro 
oovoral nothod s ovoSioblo for tho production of iron potdorc 
havtn3 the 4r atm merits and dcs ortto but do ohotco of o 
particular mothod dopondn on tho foUouftt fac ire 

a) oaonomical oonaidoratlonc 
b) availability of re" notoriolo 
a) purity and properties roqutrod. 

?a ne Into cono2slorotton the nbo o fs:etor0 hy$roaotallur.. 
Steal methods can be oppitsd oconomicolly for - t'ho production 
of high purity Iron po or tttb o cloao control over the qualityc' 
This otbod can bo used to any typo of Iron boa' trig m tGrtal a 
by dtusolving In hydrochloric acid for tho production of iron 
and iron-alloy pot1or34 Tho aim of tho pro cot vork is to 
produce Iran aM Iron alloy potoro by rGiuctntj iron eblorido 
and IntEturo of obloridoa of Iron and alloying olo,3ento by 
hydrogon0 Vol thta,tho tnrk Boa p .anncd no bolous 

i) Production of forrouo chloride cryatalo 
i) Drying arid inaktng of polloto of the cryatalo 

2i) Rcduction of the poUloto irttb bydrogon at 
vortoua tcnporsturos0 

n ~ k ~ L .F_ a~~Ff`M•L~ 

Tho opprratuo uccd for tho rcfAuotton of the polloto 

of forrouc chiorido cry'oto1. to chorun in fti344O,0 The app.̂.. attic 
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ecy 

can bo dtvi c 2 into tho fo11ou4n thioo ain pet  ce 

1 ) Rcoctor for tho rc d out ion of fo 'roue chlor ido polloto 
11) Pi'chontttj furnaco for the boating of gacoc 

lit) Aaocziboly foi the recocio1 y of hydrochloric neid, 

111.2,1 

It cOf Si QtO of a t8/ ttn1.er 0 Stool tubo vith on 
internal 6 tac otor of 38 an and ovo oll length of 80 am, 

The tuto vas hosted in a 3,,2 IW .aufflo furnace covering68 cn 

of ita length The muffle to o really ttound, by IS St 'O '. 
' antbal Wire, The toiperature in the tubo was controllcd  
within the limits of . 600 by noone of a cbromolo1umo1 
thon eouplo and a. Ronopoo l f orvotrovik* contro .er, At 
outward and a stat eco otoal tubo of 6 a diameter Qnd at 
the inuord end a mil atom, tube of 32,6 cm dtcrn3tor or 0 

otta cd by meats of f1oor3 

111a 2,2  MURMPELTAMI-  MAG 

It uonolato of a m `1.d. utool tubo of 12.8 cm diameter und 
overall length of 100 coo  It von p,aocd in a 1,1 105 allllathtto 
tubo furnoco of 2,& Cu dtamtope <A is tcziporaturo in the 

tubo trap also controllc by cb'otzl-31UMo1 thernocouplo or& 
o ntrellc vit in tho 12mtto of 	v"1 4 

1210 ass  

' To coauuro the b roGon flot ?otot are orifice rtor 
vno CofatLUcto nrtt coma ca1lbratci o ainot a vet toot goo rotor, 



Tho dootGn of tho o'tftoo cioto 1a oho In 21(*2 o 

It oonc oto of a Cp o1 condor o' and sn absorption flaou. 
Tho ubooipttofl f1o) contained dtotU1ci atcr t1od Baa fitted  
t4th a burotto to into Inco Na Ofl solution for titzit&ntj ECS, 
collocted. tøthyL red iao uaed as an i dicotot'a 

The matertaic, aced for wpoxnontai rlt era given 
bolo'nn 

1) iron scrap 
it) 1icko1 motel turnings 

tit )Chrovitur tiotnI t ntno 

iv) Stntnio.L8 stool (18/s)turanrgo 
v) y6rooh .o *to acid couoxcia1 w,wcdo purity.  

vi) f roron ran 

vii) ULtoCon gas 
v tt) aodtui broiido 1.47 elution 

iz)i othy1 red co3.utloa 

The v rtouo otopo tnvolvcd in the o xzaonto1 proccdtwo 
ono c2cocribci3 bolouD 

To cleaned Iron oeyc p uao Glocolvod in hydrocblosic 



Radius Taps 

d- d, — 

 

d 	di 25.4 Mm '  
d2 3.00 Mm 

V2  

rifice plate 3 Mm thickness 

:p 	I7ESIGR OF THE ORtF ,L !ET 1 s; 



7ii, 

oot 9 at 'C►0C• It tont into tho solution r o6 Uy on  

hyBroCon cos voo ovolvodo Thin forrouo c lorH.Ho liquor gras 
2Utorcd through a proosuro cdgo tutor to rt OVQ tho 
inoolublo tnpurittot3. The filtoro1 solution aaoa hoQtcd to 
iacroaoo tho concontratton of FCi2 in the aolutton. This 
hot liquor mo thon cooictt, By ooncontration ar cooltntj  
of the liquor, cryat,alo of PcCIØE2O yoro for o The 
crystals oro tokon out tho othor liquor and voro vaahodt 
utth tator to remove adhered 1C1 from tho aurfaeo0 

To prepn*'o iron alloy ary'Gtaloo uotGhcd gaunt of Iron 
oerap and the olloythg 010 monts, via« nickel, chromium ote 
uoro dissolved In hot hydrochloric noi and the cryatalp 
^sero pr°ol000d in the similar faabion as ftccucaod abovo,, 

The totrehydrato cryntolo voro thong drtcd on a 
otain ouo stool Plato pieced on an o3.cetric botPlatoand 
ur o ground to a fine aiao0 The dry cat 'i potdor uno 
analysed by conventional chemical anaiy'utn rotbod for iron 
to determine uator~►m*lcouloo aaaoclatod l a crystals after 
dohy6ration 

III ,42 

The !1 ,7ydrato forrous chiorido cZ'ptcic oro prooact2 
in a oylirtdvioal die of dtarntor 1a86 r2 to produce poiloto 
oQm in diautor end hoicht, The flnic1icr3 po .Loto pro 
minct4 rind € torod in an air tt6bt container. Th000 a oro 



c3Oa 

talron out irltt totoly bofozo IntvolcCi Into tho roactor 

to avoid any ehanco of orMation„ 2o pclloto oxo ohoun  
in fig 42¢ 

s. 	i ► ~i 	?~ 	t `rte.. ~ ~ 

Tho reduction of ferrouo chiorido polos tae carried 
0 0 

out In the ro3ator at iral ,ouc t p:r turos vice 400 w 460 s 
600, 6660 000 	The poliots were kot In a 

aiUUtnintto boat,, 1t on the reactor ittntncd the tomporaturo 
0 

10 C less than the requircd reduction ton poroturo, cy omo 
Ufa o purged by nitrogen Cas and aftor ton c inutoa,, four poll of o 
1t a introduced In the rocctoz'. The reactor mac hoatcd to 
the reQuired reduction temperature. As the reactor attained 

the roqutrod: tompernturov the nil rogo as replaced by hydrogen. 
The hydrogen sas fray pawed th ou(. tho proboattn fuarnaco 
niaintcincd at the reactor t 	tuc. £c0 that It may not cool 
the reactor The hydrogen f'Lou rate vac 3 litre/minute thLoh  

taxe atopy constant In oil the ozperi=UtO, 

The coupoo of the reaction sas folle r 	by titration 
of the ovolvc BC1 against b04i Ia0ii oolution UsIM methyl 
'cd indicator to know the amount of E I recovered. 

dUa the reaction reached to cor piattont the poor 

uaa cuitohcd o ,, Tho 	roLcn uae continued to paaa for 
a 

a door c300 of 100C In temperature,, `"hon the hydro on uaa 



FIG.l2:  A view of unreduced ferrous chloride pellets. 

r 

rt. 	
' : 

a  

FIG.13: A cross sectional view of partially reduced ferrous 
chloride pellet at 450 C. 



39.  

replaced by nttrøgn for cooling the reduced mass until 
it reached to room t iip.raturu„ The reduced samples were 
analysed for iron content to knou the percentage reduction, 

111.4.4 	DO R1C  

The shape of the partiei.es of 1vrtoue powda3  was also 
studied by using Naopbot»2 microscope. 
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in tho PPobont ifa►ootiCotiof to furWOUO o orido 

os 3 Iron-alloy c31orldo oryoto..o UWo £CdUoCd by bydroson 

for tho production of p cco. Tho £o, rowo ch.1o' o yc.alo 
0 0 0 a 0 

wero rc$oor2 at tomp3roturoo d0O 9 -CSO 600 9 664 ,GOD, 
one 660 C cior000 tho alloy cthlorii90 cyotale uoro rcduooG 

0 only at GOO C,e The cocploo two Cnelyocd boforo and oftor 
tho rc4uction to lirtti tho composition of tho poi6or prod need 
and tho ortont of ioduotton. 

The oftporizzantal results for 	odtac ion oY forrouo 
eblorldo oryatolo at various tone rt :COs two tabulated in 
tabloo 4 to 9 ord for alloy chloride 'pots in is .o 11 to 

,a The percentage reduction an the porecatteo rocovory 
of RCI at tho and of reduction in ccch onto are also plotted 
Cropbfcnllye Figo, U l and 20 ci'o the pot of HCI 
recovery in 4.0,E voi'ntao ticao in tin too &'oi' the reduction 
of fcrrooci tblorido cn n11oy ebbed o cry nbs 

In 4iC.b i ai 17 Esc¢ ooitCCe :C3uction n 9 poroorfi ~o 
rocoVCry of fC . ai'o plotted againot tic in iinutoc for forrow 
e lorido Cr 'otc1a0 A aonperioto l of 11 l recovered in coo 
vacuo tcryporattro at filed til to rtc z do ani .o twin 
ih 	ho pC7o:41teao of F!C2. rCCOvCvCd van calculated 
by uain3 the fo oclus forculoa 

IIC1 rccovory Pi C006 proctioalli 
` OOOVo p c 1C1 +~ ~; rcrcovory in ooec wog iaa y 
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v sooc alloy cth1odO foL 220 .v goo at O0 C is clot 
in fleso us cri 2. Ars tho cop.c cop. 	 of nota& Ed . P 	o'c 
nt thio tcopo'o i'o in cbotm in 0100210 

`alio ppyotco1 o ainotton o? as appoc aft rc uctton 
Pvvocicl tho proconco of an tnnor eoro o'o tho poUot 

roar t.thc urctuccz2.« Croon 8cctton of pat1aUy rczuec pallet 
of  foLous chloriio cryatol 2.o ihovn 	P w o 

Tho ohapo of the p£irtio1c of vartouo po cro vos 
ctutitcfl by Uaifl3 1oot'2 c.acpo The photo aph of 
£hoopo por►tic loo yore toison on oro hotrn In tica. Lrni 2Z. 

xv• 	JQ1i  

The forroua chlo'tdo cryntalD c'o rc uoo(i at to poroturos 
In too Panrjo of C0 to 660 C too as the alloy ohlort2o 

0 cry ctol.o tore c neo at GOO C ei.i by hytI.ro~on, ' The o xporimon 
1'OC31tt are coui In fi(3De RS ' to fln?v n to are d1sa occ rolr t e 
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tcz .. rotuvcloe It to cls froi f  flcu o that no the to-pc'ottr'o 
jr,orc:icoo the r"cunt of FiC L ?oc '^l to elco 1troarc t ith 
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,dace ruoo in reduction two of It can bo doll ovcjucd that tho 

acount of 8CX prod ucc9 and tbuo tho to or reduction l a 
ontcna1yr tcap-croturo conatttvo0 Thto is further' c1crific6 
from fiGØI6 in tMeb a compel Loon of RGA. rocovorcd in coc , 
.vorsus t cpo'aturi for reduction of ferrous thlortdo cryatela 

at ftod lata to me o, It to found that at the end or 60 
0 

ntnutoo tho recovery of RC1 at 400 C to 20 co uMlo ui i an 
a 

inerooso of 100C it becomes 43 cc itb an fuithor inercacc 
in tcnporaturo apto 690~C the rocove y of ECI bocomeo 164 cc,. 
Similarly at the end of 100 minutoc the recovery of 1102. at 

400°C Is 22 cc th o at 680CC it to 187 cc,, 

The percentage rcduottor.: of .forrous chloride crystals 

is enleuletod from the ana1yoio oCrcuccd aamplo rit vzzz►u8 
tomperatu.roo and 19 plotted ng-.Incl.; time in f 18. This 

• c ot,a that the poxontngo reduction of ferrous chloride 
crystal to incroa c1 in laoacr to ulth increase In 
tomporaturca, At 0-00 C the percent reduction to 40GG thio 
at 650 C it is p8.9 in tto 300 inI 100 nt utou,p respectively. tively. 

I n tho percent reduction data$ the thcoritical 

Quant of hCa produccO ueo calcul ed and the pdreontosa 
rocovory aoo round onto This to compared in ft .1? for 
vc'iouo tonporoturoc uhtch thoao not the porcontato recovery 
of 1C2. to not acmo at all tcnpercturoa, 

The cross section of an partially rcduecd pellet of 



forrouL ch1ori$o cryctn1 i.c thon In fits.13 '! hi shorn tho 

pr000nco of nn u c2uoct Coro on n conftzvo that tho rcduotion 
of tho forroaa ehlorido crystal tattoo plfeo in a topocbcIcc3. 
1 annoy. In thto Coco thero is a gas diffuoion bu 	layor 
at tho aator ow?faco of tho poflot. But this bounory loyer is 
not crIttool "bon tho goo flot roto to boyoun1 a particular 
opttrirni flou rnto (1 11tro/c 1n).. In tho proEont inVoStigcktton 
tho flats rate of. hydrogen gas uao kopt 3,0 litr%in. 'Thorofdro 
tho fourr aLy 1~3*or va not crtttool0 

Tho rcduation of various Iron.. -alloy e .or3o crystals via, 
a 

Fo -Ut 0 Fo.Cr v, Pe43j-Cr vao carrtd out at 600 C onl tho 

otportninta1 rosulta are oom In ft63.U3 to 20. The porcentago 
reduction of  t1G3O oUoy chloride cryott10 Vas calouletcd `*o© 
tho lnnowlCdgo of tho onalysta of tho crystals  end poodors0 Utth 
tho help of thoso re uct1on data tho thooritto.al RCI recovered 
don ale cci.ouloto4 to 1mo~ tho porcenta o EC. rocovory and 
henco loco of HC. .. ': ioeo date pereentego rc uctian and 
porcontago RCZ recovery for various alloys, tro conpared in 

ftCt3„ 2 an W b 

The rcAuetion of fcrrouo nichrol chloride tcio MOW 

uberoac tho rc lueticn of forroua•chroroun ntl1 forrouo.ntekol. 

ehrr € ao o or .do cryatalo tQro 04.E o l i,G A zocpoettvoly. 
Tho txiztuu c uctton tna obtc his In earn of to$It alloy 
po Oor of tho ow toDpa aturo cni2 in tho oafs tiro but is 
IItnimo in coca or I7oCr alloy potter* It tt coton that tho 

no 	 2+ 
proconco of t1, 	t orooco tho rate of rOuctton and Cr 



ions docroano8 at a ilD qui to ovtacnt' 9'roa tho reduction 
data of Fo..t7t-Cis ahlortdo a$yt tc1oo  Thia ftgu oa faun 

in tho Tango of tho reduction loto of PoVtcn6 n"Cr c 11oy 

chiorido oLoto10o  

4 Comp€ r1Eof ofl6 various aiio' chloritso 

cryoto1E is also modo In f .1 'h o truc HC1 rocovo y 
in coo* 1a plotted agatnot ftmo, A truo eomporteon caiinot 
bo r 4o duo to vai'totton in -dotChtu of tho pollots but tho 

naturo of tho curvo€i oon bo oomparcd , Tho ohapo of tho 
curves arc s .mi .or to that of Iron chlorido, 

Tho Dupe of iron and fro .-alloy potdors aro 

shorn in figs 	 and 26 Irs, both 0000c the ahapo of the 

po or partis es is Irregular and tho particles ore opongy 

In nature, 



On the basis of voculto øn9 dioeuso.o # opiotnc in 
ohaptor 2V,p tho fo ot2n coneltwtono can bo dratme 

to 

 

Tho reduction of fovrour ablorlAo crystals by 

h r 000n takes placo in a topochotntaai. cicinnoro  
2, Tho i oaso is tomporeturo t eroocioc the porcontaGo 

rciuction for the reduction of foraouci oh' orido cryctelo by 

hydrog3oa0 
3 The iner000 in temperature Qico tnerosaoo the flC 

recovery for ferrous and vortouo alloy c`iorido crycta ao 
4,* The nature of the reduction of foz.rous chloride 

and alloy chloride arc cameo 
S. The procionoo of PI lend inor0000 the porcontccjo 

reduction ti iovoac the pr000rco of Cr tone docroaeo0  

G The ciopo of tho iron and ofloy poedorc is 

trraau.or and open D 
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Y+ ar 	 Iron Poxlor consumption In Uio world 
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0001Oo 
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TM LS . 	PERIflENtAL DATA FOR TL R ►UGT101~ OF 
FERROUS CHLORIDE CRYSTAL AT 400 - C 

weight of 	iTima in IRCI Recovery 
p1  1t 	* Min 	fin Coco 

Reduction jH'C1 	iRecov ex 
IRecovery I 

15.0144 gin  so 5.1 
60 13.6 
gi 21.1 

120 28.3 
150 35.9 

lSO 41.3 

210 48.4 
PAO 85.5 
270 62.9 

300 67,1 40.65 	89.8 



6. 

Weight of 
f.11et 

irdt in 1 Recovery 1% Reduction Cl Recover Q% UC1 
ac 	 „ (T so. f in g IReeov - 

~c. 	17,68 
16.9784 an 

.• 	39„9 
67.9 
77.3 

96,4 

112.3 
131*1 

0.3 

169*0 

2,6202 gooe ~ 	174.9 	~8 

0 



TAELE Gs 	PEI4rNTAL DATA FOR THE REDUCiIOI7 OF FERROUS 

tYoiChfi of 	Bina inJHCL 	33 Rcduction C1 Rocavory j UCS. 
poilata 

	

	 RoeovoryI 	(Thoo0  )in cc Rocovory 
JL 

iG00O10 gab 	UO 	Boos 

60 6209 

Igo 1290 
180 160x3 
x€30 167„0 

	

210 188,0 	 179,0 2388 

5- 	lac ii1 
ocvoe ►l 	HC1 Rocovoy► 	+C 
n a* 	 CTh 	J0)irt cc Rocovory 

polloto 

so 
16450 an 

GO 

so 

120 
U 

10th 

3906 

121.4 
2B7*9 
16909 
101.3 91.1 



polioto 

__B EL xtl1? AL EDTA IME TEE REDUC IAT-? OF 

of ht of Tintc 	CL 	RCduC tOpl C 
Polloto 	tiro ac000ry o 	lRoecvory i Roco Tory 

n cc 	 I Ci' OOO ) ) 

.4 ,916 916 Co. 20 

40 

60 

so 
1.00 

no 

3604 

7807 , 

12008. 

Z8203. 

80.1. 

`AML&- EXPERINEflTAL DATA FOR TJU3 BEDUCT0 `1 OF 
RFtpus _çBIEçftTç  

NAM 	20 69,0 

40 120,2 

60 171,3 

80 18.8 

100 3o9 	1 o9 	3o4 



T L%R..-moi[ 
ru 

Crystals 	Temporstur+ to  

34„t2 	400 
0 

66.? 

94.8 
,4 

96,7 

98,6 

99.4 



4 600 

TABLE -11, EXPERIMENT L DATA FOR THE REDUCTION OP Fit+At 

Weight of JTI inJUC, 
Pellet Mite. )Recovery 

20 42.6 
40 86.3 

13.900 	60 125.8 
toi 

80 14908 

100 258.2 
120 159.9 

Reduction mCI Recovery l LRCI 
I (Theo. )in eel Recovery 

96.6 	).04.2 	97,3 

$ EXPERIMENTAL  PERIMEflTALD1T4 FOR Hg RLDt MON OF Fe~Cr 

weight of ?Mmiim. 3ndCl 	Reaction Cl 	) Recovery 
pellet n. Recovary 	 Rocovery 

I 	4 rr en 	 1 M., _ 14r, cue a 

20 	29..? 
.4.014 tte 

40 	83.E 

s© 96.6 
so 129.5 

100 146,4 

120 .149.8 9,4 	186.2 	91.1 



Alloy 

EXPEEIMEWFAL DATA POR TIIB n2DUCTIO1 OP 

u 	U 	u 	 'ilC L L OCOV Gry Y 
U'otght of Timo In MCI 	RC uctton*(Thc4 )jn o~ HCg 
Pollotc1SE x 	o ovory 	 I 	 ~Rocovox y 

.  

20 	41.6 
14,341Q3r 

Q 91.3 
GO 12206 

CO E 102 

100 188.2 

120 160.0 	9706 	2.7`3 	9205 

ANALYSX8 OF CRYSTALS At3S3 P01 bR$ OF VARIOUS ALLOYS 

Pure PO 	34023 	 98.G3 	1 	d 

re.43t 	28 Q5'S 	o 	60G S 	X33,45 	160 	s 

Pa-C? 	30# 	44a 	+m 	!'o' 	9OS 

Fo-Cr-171 25,455 602cS 20 i ?3.33 17o?3 7.8a 
------ 
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