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P_R_B_F_AC

Tho noture pgavo uo an idoo og povdor matolluorgye Tho
crooion of big ntonos into comd cam bo said o bavo inopircd
tho oantdnd ¢o dovolopo thio nov tochmology~ Povdor lotollurgy.
Tho teehniguo of povdor cotnllurgy 1cd to tho»ﬂovolopmona
of motolo poscoooing onecllont proportios uvhich aannot bo
obtaincd dy othor tochniquoo, A0 4n oll the notals, iron
cnd oteol aro poot vidoly uccd, oomo 40 alco (rPuo for irom
ond 4to nlloy povdors begausd thoco aro onoily prpocooced,
chcop and vorsatilcs Although o numbe-op of ncthods aro
avoiladlo for tho profQuction of iron and iron-plloy povdors
but with tho inercaco in dcmond ond mon'o notural curiooity
icd to tho bisth of nov tochniquos of povdor produetion.

in ¢tho prooont vork © Production of Iron aﬂﬂlxrﬁﬂn
Alley Povfior? on attcapt has boon modo to produco tho iron
and iron~nlloy povforo of high purity ceononicnlly from 4ron
vastote Tho iron booring matoriolds ofe OcPopy turmingd ote,
voro diocolved in hydrochlorfic nedd ond supor ooturated
oolution vuno forncd at highcr tormporaturo, 6R eooling thio
colution, tho eryotnlo of forroun ohlerido uver obtoincd vhich
nf£tor conprooging woro rciuecd by hydrogons Tho hydrochloric
poid produccd during pcduction vwoo rocovercis 7Tho offoet
of tiro omi tomporoturo on pclunetion vopc otidicd,

Tho roport hao beoon divided into four choptors,
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Choptor I Goalo with tho gonesal introduction; cdvantngos and
1ipitations of povdor otallir gy ard 840 applicationss

Choptor XX ineluvdoo 11éornturo raviov, A critical
ourvoy of tho mothods of iron povfier production vao denc ang
rovioved in this chaptc? vwith tho charaetorotico of tho povdop
produccd by variono cothsdo, Tho pochanicn ond kinoticos of tho
rcfivetion of forrous chlorido Lo ales discuosed together with
tho faectoro affoeting tho rato of reluction.

Chaptor IIX doals with tho dooeription of oxnporimontol
oot up and proecdurc fellouved in the prosont invostigation,
Tho eryotals of forrouo chlorido ani olloy chloridos voro mado
and oftos procossing voro reduccd in a stoinloss stool tubo
ronctors Tho hydrochlorie acid produecd during reduction vas
colliceted and 4¢s rocovory wungo woasurcd by ¢itrating agoinst
;aon « JcOH ocelution, Tho foréous chlorido cryotols vore
pcucel at 400 4507, 500°, 660%,600° ard GBCPC ond tho eryotols
of iromwnlleoy chlorido namoly Foelll, Foely amd Foelli«Cr woro
pcfinecd at 600°C only. Tho eryDtols opd povdor woro chomieally
onnlyacd to bnoy ¢ho poreontago roeovory of hydrochlorie geid
ond poreontano rcduction, ™o chapo of ¢tho particloo of tho
pouvdor profuccd vao also otudicd,

Rogulto obtaincd fron tho ozmpericontso earricd out

ond o G4ocussion on thca conotitutos tho cubjoet nottor of
Choptor Ve I 15 found ¢hat tho rcduction of iron ori iron-anlloy
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chloride crystals takes place topochsmically, The increase
in temperature increases both ths percentage reduction and
recovery of hydrochloric acid, The nature of the reduction

of ferrous ehlgrldo and {rone-alloy c¢hloride crystals is same,
»
Prgaonco of N4 4ons increass the rate of reduction vhereas
& .
Cr 1ons reduce it,
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.3 QrUreaL

Povdor rotallurgy 40 mot o nov eoncopt to nany clthough
noch of (%0 dovolepmcal haoo Cakicn ploec during tho prposont
sontury. It hoo 4¢6 origin at loonpt GOUD yeoars ago,vhon
pricitivo tochniquos for tho eciuction of iron and coppor
oro o Opongo and povdor alloued tho fabrication of untonsilo
anil woaponb, Tho £ir6L rocordced usé’waa by tho nnejont
Bpyptions vho woro ablo to preduco spongo iron by rcfucing
iron oxnido with chorcol for making cvords ord implononts.
About 1000 yoars ago,the omitho of Indlo nansged to produco
o rool mestorpioco,nancly tho Lamous Dolhi Pil;ar,woiehing
@) tono, Lator tho Hittitoo® uscd o simtlar procoos, but
¢ vao roally in tho caorly 1€th eontnfy,vith.wolluaton°03 vork
onl platinun and tho lotoy ordoavours in tho fiold of duetilo
tungoston viro and ccoontcd capbidon by caalmﬂgoag Sahwa?zkoffe.
oMl others,in tho 182070 that tho fourdation of tho procont /
ptoto of ¢ho dnduotey vcro Andd.

PovSop rotallergy hao boon dofined® ao tho ort onf
oeicneo of mapufocturipy wooful apticlos from otal povdoro
anfl of producing thoco povdoroe Such opticlos moy do im tho
forn of fngoto, ocaifinichcd of finiehcd ohopos, I pormito
tho production of motallic or motol 14ko bodios ef oioplo or
cooplicatcd chopoo vwithout tho uco of ho orthefon notallurgicol
practicos ocuch ao olting, eooding, dnpgot colidifoationgmotal
vorliing nnd chaping by vachining oporations o I¢ providon a
oonno of obtodning o vido ranpo of choractcroties 4dn a varioty
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of motnllife conpooitions and ot pPoaconnble codto, By thio

mothed 1t 10 ponoiblo to produco ports of ttd or woro olcacnts,
copitilining on tho opoeinl proporticd of cach 4m o povdor motal
conopact, vhere such clononto could mot bo fobricated into an
olloy oinco thoy porhaps may be portinlly or eomplotely immiseibdlo
in tho molton an8/or Solid stats,

During tho past docedo, @nnmin, improved tochniquoo
for the mamufacturo of povdor motallurgy parto havo ﬁoan
dovoloped throughout tho imdustey vhich hop contributed tho
accoptance ard grovth of tho procosts [ord comploxn and critics)
parts arc nov bdeing produccd and with tho availability of now
povers ard tho dovolopmont of nmow fobricotion tochnigues, ono cen
ozpoet continued rapid growth in tho industry. An iudicafion
of tho rate of thio grouvth can be goined from the fact that tho
production of iron povdor has doubled ovcr tho past £ivo or sin
yoars, TabloeI shouvs tho psoduceionﬁ‘nf‘iron povdor by tho
various, eompaniosp in difforont counteict in tho yoor 1970,

- G
Somo of tho uniquo eﬂvantageuaﬁ of povior metallurgy aro

a0 followot
3, Povior motallurgy is uscd te nnmifneturo producto

vhich ean bo 280 in no othcr voy ond thooo vhich could be medo
by anothor pothed but for vhich povdor ootollurgy 16 moro

convonicat ond ©oroc ceconomicole

2o Sovinp in lobour ond natorinlo, olimination of
coplitol invostonont in moehinog, rciuction inm ovorhond ond toed
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¢ino, groator omd preduct voluo ond bottor porformonco aro
oniong tho other important contidopntions in tho docision of
povdor motallurgy. |
3. Tho poviop motallurgy procons can bo £oro ¢onvoniont
ond ©£ore ocononiecal beeauso
4) 4%t doos not 4mvolvo the handling of mplton metol
94) 1¢0 omd products coldom roquiro subsoqu/nt nachining
or Finishing oporations,
434) porooity of produsts can bo controllcd ovor wido
PONGO
iv)‘it ollovs tho rapid oaso production of motals in
pr etoton dicso, '
4, Thoro arc fou othor ropcons vhich makes tho proccss
oconomical ouch ag , |
4) mses production tochniquos omployed
14) tho rcduction or olimination ¢f oerop loooos
114) rcduction or in nony cosop, tho eonploto olininotion
of nechining or finiching opa?ééionn@
6+ Sinco thoro ico oubpbtontisl rcduction of nochining
ond serop loeooo, povlop motollurgy 1is idoally suitcd to tho
production of complon amd intelcoatc chopos. Control of
porooity end donoity is on innortaont factor in ports such eo

filtero or couneorabalaﬂzeoa'-

Tho povdor motallurpy fochniquos havo olcoe cortnin

limaeatxonolﬁaﬁhach aro as follouog
i, Only oooll oino woduets ean bo produecd
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2s Duo to rcoro £roo curfoee, oropy tho ponetivity
of pot:abreo is ineroaccl. Oo pgrontor cord 4o nocfod in
hondiling,

3¢ Borauso of high coot of povdors, dioo eni tooling,
¢ho povior motallurgy rothed 4o not inoﬁponsavo ond will
only pay off vhero thoro is n larpo volumd of parts involvcd op

pareo
/0inply cannot bo ncfo by ony othop ¢tachniquo,

1.3

Tho ajor applicationet??sCeE=0

of povdor matallurpy
cch B0 closoificl as follouss

1. Structursl applicotions

. 8, Poroup ond frictional mntorialo

3+ Mochino and tool appliancos

4, Glcetiricenl omi olcetronic oppliancas

B, lanufaeturo of chomienln

G HNioecolloncous applications

Thooo inclvdo vaslious kindo of canll otructural papto
oech ao georo, eon apd connzeting rods. In tho poot, ouch
parto havo beon £ado by costing, forginmg and oachining but
n¢ procont theoo aro nedo by povdop notollgrpgieal tochniguoo,
Toco aro £inding o growing opplicotlion Ln tho totop indusctey
vith tho imsronocd populority of cutomatic tromomiooions

Tho nanufacturo of 00lf lubricotiag boaringo £ron
iromn, broso, bronzo ond aleminium olleyo have €o bo o
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najor application of thio procoss, Thooo oro used im conll

nstoén of fractionol horco povlor, Porous alleoys meto of

bronzo compoundcd with ivon posocoop otablic frictionnl |

charaetorotied and heneo arc usc as matorials for ongino

cluteh platos onfl brake 1lining of tractors, nutomebilos,

nircrafts ote., Various notallic filtors medo of steimloss

stool povdors aro uoo for tho £iliration of variouso £luids,
1,3,6

Commopeinl comonted corbido, a product meo by povior
notallurgy tochniquo, is uged for machino ond tool parts vhoro
high rostianco to woor 1o of utmost ioportanct, It aloe
cnhances tho sbility ¢o produce comontcd e¢ardido tool bdits
‘ ofzhigh hardﬁns& and woaf resistanco, Grinding vheols and drills
oro oodo by combining diomond dust or corbide Gust vwith coftar

notals,
R TY 1Y
e

Duping last ¢tvo doepdes; povdor motollurgy has mado
o groat ioroed in ocloetricnl and olccﬁronic f1cld, 8intorcd
iron povdor preducts aroc ecpocidlly cigrificant for magnotie
natorielo amd corcsy Coroo maodo of purc iron, iron silicon .
omd 4rom nickol cro uscd in rotor picces and gonoratoer
oFmaturos, Povdor motnllurgy has bocn Succcoofully uoed in tho
nanufocturc of oleoctricnl contecto wieh oro usuclly eonposcd
of tungooton or nolybinus pluc oflve? or coppsf to onhanco
Qooipcd proportion liko oloectricol ecnijuctivity ond rosistanco




to hont incornorntcd in omd piceo, Thooo propoztics canmot
bC obtnincd dy ony othor vaye. Illanufoeturo of lamp filarcnto
{0 anothor opplication of povdor rotallurgys

Anothor product of 1ﬁ§rcaaing inportance padc by povdop
cotoliurgy i0 timyconory coros for eomputors, about tho sige
of Yho hond of pin. Thero aro wnede of povdored forritos, Oxido
megnoto oro, ospoeially, adoptcd in rcdio ond television
rceojvors, communication oguipmonts, tolophenc, ote for thoir
aneolliont rapgnotie proportics,

6) UAIUEACTURE OF CHEIICALS ® *

Tho point ond pigumont industry 45 probably tho largest
‘anf root important consumer of metal poviops,. Elﬁuo stainlosn
otcol povicrs have found opplications in paints for dottom
of rhipo emd fen bledos of orcust fono to rorovo nitric neid

fencse

Holding oldctsodou orc ofton conted vith iron povdors
o dopoosit roro rotal in tho vold ¢o inoPonco tho officionsy
of tho oporotions Recontly povdor iron 48 introduccd inte
oxyecn otroonm of a cutting torch to nllovw tho Zlomo to ponde
trato tho rof¥cetory oxidos in hipgh alleoy stoinlono otool.
This procoss 10 aleo opplicobdio ¢o tho eutting of cost iron
ond high otrongth notorioloe | |

Abovo aro tho £ou applications of povdor motpllurgy
procoss, In futurcy, it 1o oxpectcd thot moro nov appliestiono
vi{ll econceups Though, thoro arc conec limitotions o tho
applicotions of powvdor motollurgy proeogd, dbu% uvith an uniore



standing of these limitations, the process will
successfully continued,
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1.2 XZBODPUCRION

Duping ¢ho pnot fou doendos povior cotallurgy 40
ropidly coning imto prominoned boeaucd of its vorsatility
in fobricating complon Chapes and production of opocial
pardso 1ilko £olf iubricating boaringe crd othop sintercs
componontg, clcetiricnl contocto, composito matorialo, magnotic
components etc, It nloo holps ¢o olimimate tho nuncroun cootly
machining oporations and materiol loscop in addition to tho
rcduction of other costs such oo tooling, &mspection and
curlity control, Of all tho notal powdcrs, iron povdop s
oacily proecopsed, cheoop and verostile, In rocent yoores
sintored iron povior comspononts hove succccded in roploeinn
tho traditional matoriels such as ecoppeyy brnos,breonze ote,
Ao o sonsooquenco i1ts applientiono hovo roached o mov height
and 18 boing monufecturcd in tho lorgos quantition, During
tho pooe tuonty yosrs tho grovth rote tiwoughout tho vorld
hoo boon ecensidorobly ineronsed, Tho YabloeIT chous tho
conoumptior® of irom povdor im varfous yoaro i vorld,

Tho lorgost consumption of iren povidcor ip im tho
prefuetion of cintorcd iron powaera¢ tith tho dovolopmcnﬁe
of dircet rolling of otyip from povdcr, tho consumpiion of
Irom pordcr uwill imeronso trcoondouslye. IEcoidon outonnbilo
induntry, ©&thor major £icldo of appllention of irem povdcy
includo wolding cloectrodes, flomo cuttingg napgnotie ond
oloetronic componontD, nognotic occd clcaning ond cheoiend
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infusctrios, Tho ozpanoion of tho uso of 4irvon povior for thoso
opplicotions vill dopon? on o connidorablo pciuetion in tho
prico of povdop,

In qnaor to bo an acceptable preduct for tho povdor
notollurgy industey, iron povdor cuct bave eoptoin physicol
ond éhemiealAcharue%a?sﬁiad7’9, and tho impovrtont onos aro
civon bolows

1., Tho compooition 4,0, purity,; ontont of oxido contonto,
acid incoludlos and nonmotaollic incluoioms - on vhich tho
oztont of doformation dopends avd alse tho donsity of the greon
and sintorcd parts,

2. Hicrostructuro

8. Particle sise ond shapo

4y Flou rate arfl compressibiliicy
6. Ropréiucidbility

118

209-6+%0¢ producing iron

There aro o pgreat many netheds
porfcey oach boing capablo of cnling preduets uvith distinetive
chonicnl anrd physicol charnetcretices, Theso methods may bo

clouoificd undoy five mnin hoedingoy

1, Rciuetion

Qe Covbonyl docomposition
Je Atonipation

4, Dlectrolytic

6o Hydrocotallurgical



Goncpelly opoaking, cach mothoS of tho pevdor preduction
yi0140 o opoeific produet vith dofinito qunlition vhich may
of nay not mako it suitablo for porticular applications, Somoe.
txmos goverol ontiroly difforont mothods afﬁprodnc%&on'roaules
in povdare oqually well edoptct to proceso €0 samo typo of
infuotriecl articlo., Usually cach application roguires d
pouder uith speclal proporties viaich can bo obtaincd only dy &
particilar nmothod of povidor production,

Instond of thisy in mddition to tho incentive of
producing o roro nccoptobleo preduct at lowor eosty tho a#ailubin
118y of o particular rev motorial hso hed o major influonco
on tho procoss scleetion, Tho Table ;III chous the world
proauettqnﬁ of iron powior in 1970 by oach of tho moin proeess
groupings and tho rev materiels vhich con do usel,

11,2.1  REDECTION MEFHODS

Thooo protossov 1hvo1va tho roduction of iron oxido in

- ¢ho form of an oro concontrato or mill Seolo by o eolid or
gaucoua'reﬂuceantn. Thoso aro normnlly uecd for tho production
of puro iron pouder. A faiyrly uncomplicntcd, Chope producen

tho lonst Gonoo Sypo of povdors A numbor of rcdustion procosson
oro aveilablo but tho nost commom aro daserided bolows

1) Héaat'is PROCESS

Thio proeogss vns £irotly dovolopcd by Biourin

of GCucdon in 1€03 for tho production of sponze iron. Lator tho
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Hogands conpony oxtonmicd it for tho production of iron powdor,.
In this process rich mognosito orc everaging 703 of Fo io

mizcd vith povdercd lims stono ond colto broozo, This mizturc ig
poeked in cylindrical refractory contolinors knovn as "saggors!
amd honted to 1200°C (4.6. at @ tooporsture bolow tho msltiﬁs
point of irom ) in o tusnnel kiln through vhich tho saggars
olouly progrosse Bocouco rcduction by 00114 carbon ic o olew
procoos eni also bocanso of low tomperature omploycd, tho procous
‘1s-a protraoctcd onc Saking ooveral doys to compleﬁo. At tho

ond of the reductior, tho soggors ore cooled to 200% and tho
product, in tho form of Bpongo iron eako, is takon out mochanically
As a congeguence of ;aw tomperoturs, absorption of impuritios
from the flux and tho reductont are at a minimum, tho product
boing a high purity iron (s 97,55} with a phosphorus and sulphur
contont Blov 0.016%. This 1o pround to povdor ani tho {ren

is ooparated fron impuritios pagnotically. Furthor anncaling

i5 dons undor hydrogon atnosphero oo roguirced in ordor o
produeco desirable particlo charcctorgtiico, Tho flow shoot of

tho proceos ig givon in fig«d.

Variow rodificetions hovo beon intergduccd to thio
procons freon timo to timo to improvo tho quolity of tho
preftet and ocononico, Tho imporiont onog oro discunsed bolows

4
£) USE OF SILICOI ARBIDEAETALLIC CYLIFDCRS: Theoo cyliriors

havo high thornol conduetivity walch popnito a faot pato of
hoating ond cooling and thus recults in 1oss ovorall timc, bottor

utiliscation of fuol and possibility of quenching from high

tonperaturos,
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§4) USD OF CALCIUM CARDIDE: It can function both ao a reducing
agont and o fluzing ogonts Tho roacticon 15 oxothornic so lov
thormol onorgy 18 roquircd ©o 6aPry out tho reductions

444) USE OF HIXTURES OF REDUCING AGENTS: A¢ tho Brovary stool

1
plant ?u USSRy tho ued of bdoth uood charcol amd gasoous rcducing
agonts are practisci,

2) B IBON PROCESS

2
hi o procoss 918917,18

Co and Hydrocarbon Rosoarch Inc, in 1850, 'In this procoss oigcd

vao dovoloped by tho Bdthlohcm otoold

tron oro 18 prohoated to o topporaturs of 480°C and 1o fed to
the‘top of a rooetor vossel (£ig.2). Rcduction is corried out

in throo difforcont szonos of flﬁdized bodo and tho ore is transferrcd
from bed to bed and finally diccherged ot the bottom of o hopper,
Prohoatcd hydrogon 1o uscd ps the rcduecing osgont ond 4t ontors

ot a prossuro of 36 atmoophero ot tho bnco of the redueor and

pancos through thore throe bods vhich aro in soriod, rcdueing |
the 4ron oro ¢o iron. The reducod waoy 18 annoolcd under niltrogon
atmoophoro at 800230 Ce |

3) R¥RON.EROGFSS

4,5‘,9915 o
In ¢his proecoo iron oxnido 1o rcﬂuccﬂ uith

gacoous rciuctants sueh oo hydrogon, wntor gos ctes Horo tho
nill cealo containing < 0,60 61 1o dpricd in o 4rior, cruchcd

to 100 £¢ ond oxnidiped in o rotery goo £ircd heating furnaco

ot 070-020°C. Hootcd and onidizcd poudor thus obtaincd 4o kopt

on o0 eonvoycr bolt 1ntd an oloctrically hented fupnaco at
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ggoec in hydrogon atraopherOs Tho rosuldinn mntorinl 40 procooscd
to givo tho Qoolpcd povdor proportictes Tho progoso 40 compoFQe
tivoly chaap duo to chort timo of rcductiom, lov corbon contont
of povdop amf rcduecd labour ond nniatononco costs.

The folloving tvo ioportont nodifications in tho Pyron
Procoos oro rocorondicd,

4) USE OF OTHER CHDAP REDUCING AGENTS: In Japan wvator gat onf
in USSR comvorted natural gao oro uood as icﬁucana agonts,
Rocontly it hos boon ropostcd that csothasww can alzs bo wocd
oo tho pcdueing agont.

4490 PRODUCTION OF ALLOY POVDERG: Inotond of nill oealoy, tho
olloy oealo can bo uced ¢o produco alloy povdors, In Framom

¢ho alley iron scalo contoining 83 Chironiun onld Hleminfen (s
uccl for tho profuction of psvdors,

In ¢this moﬁhoﬂaztho iron oro concontrato 4o Lipst

ecaleincd ot eoo°c to burn out ccrben crd culphur and thon

4% 45 ngncd vith ecormoreisl enleinci rsdo omounting 3¢t d
£4oo0 than Cheooritically roquircd folloucd by grinding e
B0=G0 M pico. Tnio Dixturo 1o ¢hon lordcd into o vortieol
oteod tubo poterto vith o hernotice 144 cnd hovo iron pono
appanncl ono ovor tho othor &nm tho forn of otaelt, Hydrogon

1o cupplicd fron tho bottom of tho potiopt Lo rciuco tho chofoe



Tho rocutling produet 40 in tho forh of o eako vhich a poroud
oppony ©ooso anfl thio 4o coold umdor hydropon ctooophero, -
AStCS ShOO ¢ho enko 10 grPeund in 0%ool boll nill comtaining
wato?e It woo then looched uwith aeldiffcd hot wator (pH 8.846)
and £imally Cho povdor 1o wachcd with votor ord dricd $n.
vaceun dpioe ot ao»@&qc. Thio povdor has suceossfully boon
utiliscd for ointoped ;angnotu9 cagaotie coron btc,

T™hio procoos 4o daocd on tho imtorcetion of hich
cordbon iron pbﬁﬂOﬁ vith solativoly paro iron onido ot suitablo
topperaturos %o yiocld irem povdors 4% Forrun aﬂﬂﬁiaﬂy,of'Candéi
an eloé%rie furnoco 40 uscd to poelt oynthotice cact irom vhich
40 thon thottcd and mixcd vwith iron oxafdo Lo dcenrburinc. By
controlling otmoophoro during unmgaling and ouploying ooro
doproc of pascous pofiunetion o econoldorablo £lozibility ean bo
{ntrodoecd 4n tho procoss. Tho iron pouwfior obtaincd by thio
pfocoos can bo composted to hich donpitios. Thio 4o beeausd
of tho rompval of corbon by onddo £rom the curfoeo of porticlos
oo corbormononido to givo o coft foprito loyce at tho ouefaco
vhich inprovos cobpactibility of tho poviop,

Rcduction procoosco tond Lo pgive oponny fprcguloy
ohapcqd particlon hoving o rolativoly lov onyron contont,
A £0i2ly hich orount of 4opuritics oro proconty MO0O poudoss
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havo o rolativoly lov apporeont density and conproscibilily
vhich tondg to bo redueci by tho frpuritioco proconts Thoco
impuritios sloo tonf ¢o incroaso 440 wale Pbuﬂorb produéoa
by rcdaction of millo sealo aro smooth and sphorical and hovo
o high flou gotio.

Thooo povdaro oorvo os otapting mntoricle for mony
nagnotic oné eloctronie compononts, costing Loy wolding
oloctrodon ond for Dany othop oooll cizo sintored parts of
tntpicato Gocigne High purity dron povdor 4s uocd in tho
sutorsbilec industry for mnking popts lilo oognotie elutchos,
patking rings, valnoe tappot bodios end castle clutch
cylinﬂeyazg

11, 2.2

Thio methsd® has 1t origin in Gormany, vhoro I.0. Fobron
Industerio produccd commereliol quantition‘of iron povidor and thom
1t wag doveloped by Inxornationb; ool Co, in UsKe for tho
production of both nickol ond tron povdors. The procoss 8
bancdlgaggon tho forrmtion amd thon doconpooition of ironm
eorbonyl Fo(CO)g vhich 40 liquid ot roon tompcraturo bot boils
ot 10366. Tho ironm corbonyl 1o odtoincd by passing corbon wonoxide
ovor tho povdorcd or osponny 4iron in a provouro chenbor of
proosurcs of 70-200 ctcoophero and teoporoturo zodﬁc follewucd
by condontation and otopafo undor proscurd. Duriny tho docone
pooition, tho tomparatuoro of the cheeber 10 maintained ot 2009c

oo thot tho 1iquid corbonyl boilo, As tho progsouro ip rciuccd
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¢o 3 obmoophc2o, tho 4Pen corbonyld vapourd docompaood and
dopooi¢ ob ooted potiAcey 4n o hot 0poede Tho docorponition
con B0 foedldtatcd by pinimg ¢ho dron carbonyl vith o otroam
of hot 4BoP¢ gao ctch ao nitroncCh, ALROP doeonposition, tho
povdcr cam B0 rcochonicolly geound 4L furthop rcduction of
04co 40 pequircdq

In USGR 4¢ hao becm elonfinmed ¢hat vory £4ino poapticlos
of 0405 0.,8=1,0 M con b0 obtoimed by thopnol doconposition
of 4ron corbonyl uwith atomisotion woing contrifupel nozslos of

tangontinl or ocray Lypee

Carbonyl porticlos aro rozular ond sphopical in shepo.
Tho povior 10 of high purity and has o finor porticle sizo,
naprov poarticlo pizo dioteibutfon cnd o bhighor particlo daﬁaizyo
Indccd corbonyl povdorsy gomorolly, oro tho most doneo of ony
iron poviczs ‘Thoy havo omecllont sinRoring proportdctes Thoso
aro bost cuitcd for pornanont mognotld, high froquoncy iron
coros codls aond vorious other Lopnotic opplications,

I, 2,3

1,8:89,84-87
AConisetion o doeoning tho woot vidoly

ucod cormorainl cothed fop tho preduction of irom pordor, In
thio pothed tho Fov catoriol 1o mormally high ppcdo oerap
thich 40 0ol%ed 4n on ore. op induction furnoede ThO coleton
zotodl 6 Lorecd to cord out of o nozZrolo ond thon subjested
to hoa%zy blaot of high proosura ofp, inop¢ goo or ligquid goto
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oithor through tho common nozele or noselos providcd coporatoly.
Tho pcouliont otroom of molton motol 1s Gisinto-geated into
£ino droploto vhich aro frocon ciqior by Lurthor paossogo
through oir or by quenching in o wator Cank, 9Sho solidified
par<icloo ore dricd and finnlly annealed €to givo tho required
product povior. The basic principlo of tho procoss io shown

in £ig.3. Tho varions procossos devoloped in difforent
countyioo by 4difforont woékers oro descridbed bolow

o . 498,28
Tho rocesp 18 ussd by Nannoomann in Gormany and

Baston in UsA and 4t utilises o high corvon melt and compreassed
nir oo otomizing agont. During atomization tho povdor is
partinlly oxzidiecd tvhieh is rcfiuced by carbon during annealing.

In Canada tho process utilizes high purity pig iron which 15
ntoonincd by wator. Rcluction is enrricd out in a protoetive
otooophoro. The high carbon grentles formed by atomization aro
ground and reactcd with oill sealo (Fcg04) ot olevated temporaturo
Tho carbon in tho {ron and oxygen in the mill sesle reasct to
proGuco o povdor having #ho roquircd proporties,

This procosés°27 10 dovcaloped in Cannda ond uses
tho colton iron produced during the titonium boaring sloge
Molton 4ron 4o firot transforred into a furnace omd ouporhoated,
On poaching tho approprioto tomporctourog 4t s atomined into
£ino oolid particles by ippact of hirh presoure vator, Pquﬁoe
porticlos of propor sigo arc then trected ot high tompepaturo
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in o controllcd atmoopheoro furnaco in ordor ¢o rcmovo f£innl
tracon of carbon and oxygcne Durdng furnaco troatoent particlas
have a tomdoney ¢o agplomorato and sinter ¢o ocone oxtomt, Thio

sintor eanke 15 brolion down by a sorion of atirition nills.

3) RaPaGs PROCESH

4,6
In ¢this pfocoaa” tho stroam of molton metal is brokon
up inte snall Aroplots by impingmont of o rototing dise,

4) 020, SUITH PROCUSE

This gEocoods vao dovelopcd im UsS.h. Horo consiotont
nigh gredo sersp io used and ﬁubeoquent ammopling of atomizcd
particlds rclucos corbon and onygon to vory low levols

| 3e5

Atonizsation proccssoo can bo opcratcd to givo sphorieal
of irrogularly chapcd particles. Atonmigcsfl povdor 4o chnractopiscd
by high apparont donsity and flov pate, Good coapranclbilﬁty
40 obtaincd by having vory puro fully enncalcd particles, tvhon
proalloycd pordces orc mefie, onch particldo hovo tho sonmo "
eompooition as that of tho rolt from vhich it wao medo.

11,3.4

3ab 0,283
Soold quantitios of oloctrolytic iron

pordcy aro profiuccd im covopol countrico, Tho procoos 48
boeoning 1o0os popular duc to highor cost of production conporcd
%o othor mothodo, Fhoro ero tuo mothods of producing irom
povdop oloctrolyticolly.
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1, Blcetrolynls of squcous colutions
20 Eloctreolynio of fuocd oplto,

In thiso methodl’s’éforraua vaptos, ferap, mill sealo
0o woll as lov grado oro can bo used aawbtuvﬁina moterinlo
Forrous sulphoto or forrous chloride &5 uged at tho olcctrolytos,
The Dulphato bosth produsos moro refincd product vhile chlorido
bath at high teaperaturc results in a preatop rato of dopositien,
Gonorally chloride boths sre proforrcf oo their coll veltago
ip lover and soparation of iron povder i casicp, 4nodo is medo
of impure iron, stecl or cact irom. Thorc arc two mothods

for the production of iron povdor by thic procoss vhich aro

as folleovwn:

I0URs  In thio mothed tho

eathodos are usually of stainloss steol thcot, Tho colls aro

acid rosisctont, Upon Clcetrolysic pure ireon perticles aro
dopositcd on tho otainless otool choots as o spongy or oolid
naos, loaving dmpuritico in thoe oelution. Tho deposits aro
vaohcd amd pillcd to dooired secroon oiso and then annoalcd
to tofton and to oliminate hydrogen reraining froo the
oloctrolysio of iron., Tho particle s5ico can bo controlled by
chonging tho cubront donsity,

b) LLECTRODHPOOXT CATIN?Ts  from {8 oloctredoposiftc

fronGucous £orroues culphoto colution on o liquid moreury
cathodo, Thourh tho colubility of irom in morecupy - .
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ig only of tho oxdor of loréqufconto it 15 onsily wottct

by uorcuv&e Soparation of iren ond morcury is cnrricﬂ oul
by £1iltoration, contrifuging or by magnotie moans followed
by dictillation,

2) FLECTROLYSIS OF FUSED SALTS

In this na%hodazbia iron or cponpo irom 1o uccd as tho
solublo anodos and oithor sodiun chiorideo is wocd ae an ?
clcetrolyto or o mimburo of codfum ond poteosiun chlorido, |
Tho alcotrolyte ig propared by molting sodium chloride and /fij;
anhydrous iron chloride in o nickol vogsol in an argon op J
nitrogon atmosphere at 800-909q0. Agtop uoighingvtho anodo -
mgtorial 18 charged into tho snodo baskot vhich 4s ¢ightly
closcd and purged with nitrogon. It 18 thon hoatcd to requiro
tompopaturo and tho roquircf lovol of fused olectrolyto 1o

astablished,

The cathodo mado of otoinloss Dtodl 40 fmmorecd inm
tho fused olostrolyto and diroet curront is ouitehed on, Aftop
olootrolysisc, thc cothodo doposit 4o coolcd nnd diocchorged
from tho enthodo to a chamber puwrgel vith inopt gasde |

Tho eathodo 4opooits ard arodo rosiduec apo proconoct
hydromotallurgieally, Tho dopvoito rro them onncaled vndop
o
hydrogon otrosphere at 800 € to rersve oxido £1lmp on tho

surfaco of particlon,

T™ip mothod 1s supcrior o aqucous Oolution olcetre
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of ingolublo 4ron compoumis fom oquoous colutions: An aeid
solution of Fo Clq containing o polycaccharide ouch ao
doztron 48 cddcd {n tho form of drops of Oproyo oF by violont
nizing to on olkalino procipitating colution liko omronia. Tho
formation of tho gelatinsus procipitato of forric hydrozido
noPmslly obtoincd 1 complotoly suprosscd with tho production
of pgole Tho azount of modifying agont and tho mothed of nmixing
centrol tho 0izo ond chopo of ¢tho gol particles, Tho gols aro
thop aped and vashed thus offeocting substantially tho pupifi-
eatmng thoso are then pir dricd and paso into a rcducing
furnace at 600«»‘?00 C and aro reduced dy hydrogon cor C0/COg
misturo, Tho rosultant produet is obtaincd in tho form of

jron poudor.

Tho outstaniing charsetorstics of this proecos avo
ito sipplicity, its vorsatility in the proparation of motel
pordors £ron tho moro oasily rpefucible oxidos and tho great
pongo of oizo and shopo of the powdors that it makos posoibdlo.

o) JROR S TE_RREDUCTION PROC

In thio neoeosoaaan ocidic solution of forrous culphato
obtaincd ao wasto pieclillo liquor from pickling of iren and
gtool 4o trootcd to givo eryotals of FOS04.7H0 contnining
pond pro ncid smd coisturo, Tho forrous sulphote 3o @ricd at
60-100°C to yicld particlos of 0imo 0.2 o 1 3 Alomotce omf
thom ¢trooted 4n o fludiscd bed ot 200-30006 to renovo votor
of roeryotallisation, Tho dohydrotcd oalt¢ 4o fupthor. troatced
at Booac to convort proetinlly purc PO, Oy vhica 10 honted in
lumpo of black graphito to yiold irom povdor,
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8,6, 4044
In thio mothod any ron booring motorinl such oo

iron oro, serap, pichklo liquer, lov grado serap ote, ean bo
uocd, Tho iron bosping foed stosk 4o £4rst lomchcd wvith hot
hydrochloric acid ¢o give o colution contnining forrous
chlorido; Hydrogen gas cvoelved is rocovuréé for subsoqucnt
950, Inpuritics aroe romovcd by £iltration and the ferrous
chlorido solution 1o cont to crystelliser vhoro 4t is hoatcd
to flash off wator ond hydrochloric acid, On cooling tho
concontented liquor yiolés puro forreus chlorido totrahydrato
(Fo Cln.4Ha0 ) orystols, Thess crystals aro £lash dricd ond
compactcds Tho eoﬁpactea za08 1g subsoqucntly rcduced by
hydrogon in a reector, Aftor rcductiony thoe Spengo iron
priquottos oro produccd vhich oro thon caoicﬂ and ground ¢o
povdcor.

Based on this mothod Wood-nll Duckham Ltd of Englond
in ascociation with Pcaco River Mining and 'pslting Coe. of
Cana@ia and Rosoarch COuncii of Alborts hovo plonncd 38,37y40-42
to duild a commorciel iron povdor plant nooP Uimdscor, Tho
flow thoot of the procoos io givon in £ige.d, Thio plont is
onpceted ¢o producc very high purity of povdor vhich ean bo
d4rootly convortcd into tho foil or povicr ootellurgy ports,

In ¢his procoss corbon lovol can oacily be controllcd ond

nlloy con bo profluccd vithout aﬂﬁing nueh cooe
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POLDER cggaacmnsg;gaé’a’a?’&

Tho porvdor produccd is irrogulor in shopd and sponay,
coeh particle conoisting of ogglozoratos of nicron sise sub
particlos, Thoss aro exmtreomoly pure and no annopling 10
roquired, Tho povSor has moderatoly high apporont donsity
and flov roto togother with onecllont comproosibilitye Tho
pouvder 4ip uccd for fillors, (oars, pumpa,cnﬁsg brako druns
and connocting rodo in automobllo industry.

11.8 MECHA§xs§R§v DISSOLUTION OF STREL SCRAP Il
HEDROCHLORIC ACID

o 46,46
1¢ 48 woll ostablished thut the corrosion of iron

in pquoous media i3 fensonmably woll ropresented by tho
follouing stops:

%o Anodic dissoolution, espoeially at grain boundorios

FO —> Foaﬁ* 2.; : ,

3, Cathodic 1iboration of hydrogon via tho fellowing

mtégeas | |
4) tgration of hydrocen 1ons‘by diffusionnl and

corvoetivo prososcos £ron tho bulk of tho selution into
tho oleoetrie doublo laoyor surrounding tho cathoiie arcas

*
(830 )B_‘_"” ms O*)E

41) pischergo of hydrogon fons in tho cloctric doublo
loyoro folloucd by cérorption of the rosultant Heatonm on tho

iron surfoaco (11)
(f30°) ¢ O ¢ M—> MeH © Hy0
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142) Combination of the cdrorbed Hentono
Qﬂeﬂ———» QM & Hﬂ

iv) Socondary diocchargo of hydrogon fons
(330‘4)3# Elinﬂ¢5——>n¢ggo¢gg

Tho obeonee of ony offoot duo to ogitation of tho
solution confirms tho firdimis of tho Lodhunrevévﬁhot
tho dissoludion of iron im HCLl ic not iipitcd by tho process
2{1) but io controllcd by the diffusion of hydrogen iono
into the rotal surface. Tho effoct of forreus chlorido on
the rogotion rate pay be duo to chango in eharunteéﬁaof tho
clecteric double loyer at the oathqgic arono lecding to o
lovoring of tho hydeogon ovorpotontisl snd a concoguont fnerocasc
in tho rato.

Although tho @inoglutien Poaet.on §p nodopatoly

oxothernic )
Fe ¢ 2HCY —— Ha < Fo 012<aqa $ He «21,0 K Col/molo

(aq)
it 190 fouﬁﬂégﬁhat, undor typdcdl condition of oporation, tho
heat requircd by tho acid ond irom focldo {0 ponch tho oporoting
tcoperpaturo alepot bolenecd tho pcactlon hicot, HRoat loscos
fron ¢tho oguipnont amd tho cvaporation of vator ao a posult
of hydrogon cvolution rcguire thot enterininl hoat must bo
tupplicd to tho oyotcn to maimtain ¢ho tcuporatucs It hao
boon found that tho rato of dlocolution 47 maxzimiccd of EEOC.

Tho poduetion of forpous chlorido uvith hydrogon hao boon
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otudicd oo o poonidlo cormarciol routo to irone, Although

a congoidcrablo uoéﬁﬁegno beon dono on tho thorrsiynonics of
forrous ehloride roaction in tho past but ¢tho study on ¢tho
kinotico of tho rosction has stprted in 1253 vith tho feaoibility
of cocmorceiol production of iron powdorsouy Roccarch Council

of Albopto. Rigg end CQWQrkopéslnaénnﬂ YhﬁnODOHIOSE and

Thonolio have invostigatcd tho Kimotics of the rosetion and
proposcd nechoand ohe

61,563,465
It hao boon vwoll ootablichced that ¢tho

gcduction of forrouo chlorido occursc at tho charply dofincg
‘reaoﬁion fromnt vhich udvéncoa lineorly vith timo undop
conditiono of ¢constant gos tooporaturo ool composition townrds
tho contro of tho pollof. In this typo of tepochemiecal rooetion,
the hydrogon £irot eomo in conteet with tho pollot surfacog
rcdueos 18 %o 4rem ond hydroegon chlorido comos oute In thio way

¢ho roaction front movos tovords tho conteo, Tho pedol is
shoun in £48.6.

Tho ovorall foaction imvolvos tho folloving otopos

1, Tranofcy of tho reactont goo ol preduct gas
throuch tho bsundory loyer apound tho popCiclo,

2, Diffusion of those gosos thiouf tho rcdueccd loycP,
3, Chcaterl ronetion ot tho intcilunco vhich 1o dnitintcd

at tho curfaco of tho portielo and thea poecds invardo oo

rciuction pro(RooS0Dle:



HCI

Stagnant
Boundary Layer

FIG.5: Topochemical model for the reduction of ferrous
chloride pellet,

FIG.63 A cross sectional view of partlally reduced ferrous
chloride pellet.5©
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Tho pooulto, produecd by tho imvootigators, govo eonflicting
ovifoneo oo ¢o tho moturo of tho ronction. Tho conflict iso
opocontially o quootion vhothor tho Pote of rocetion, undor tho
rongo of conditions im vhich tho ozporimonts voro carricd out,
unp contPollod oither by Giffusion (otop 1 amd 2) oF by chemicol
ronetion (otop 3) or by a combination of both.

11,4,2 DIFFOUSION COTZROL

Soctiond of partislly recfiuecd poellets ohoucd o distinet
intorface betuwcon product and epparontly unrorcted coroelha
chovwn in fig.6. In porous polloto a shorp intorfoco oxisto
only for tho ease of o ~honical rosction. But ovon i€ tho rooctios
1s npt fast, it ecan 8till bo confined Co a na®rou pono surrounding

an unroacted <orod.

The nnse of iren forncd in oixty mimutco vas found
to be invorsge funclicr of the concénﬁrataan of hydrochlorie
acdd in tho focG. This wes oxplaincd by Rigﬁsl that tho
rooction rato was proportionol to tho difforenco botuoon tho
cquilibriom partial prossuro of hydrogon chlorido at tho
roaqtgon‘igyarfaca ond tho partial proosuro of hiydrogon
chlorido tn4;h6 ﬁyﬂrocon s£E6nm. 7i§ olso conf&emé éhaimgﬁé
topochonmieal mechonion of tho ronction oznistoe Tho rosetion
rato por vnlt arca of tho roaoction imtorfaoco £o2 tho Lfollevins
roacticn

Fo Clg () ¢ Hy (g) = Fo (n)e SHCL(3) ensose{l)

ic givon by Cho exprossion

q = SUCo = DY, (Po.=n) vasess (3)
R' Tx
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By enleulnting x voluoo fron oquation (2), 1t wos suggooted
that thé Fooction ruﬁo'wun oubjcetcd to oioplo chomicol sontrol
but on this booio sono foaturen of tho rcduction oyotom could
mot bo onplaincds Por oxonplo 4t weo found thot hydrogon
PrOSSurod upto 1.4 na/ch_do not affoet tho pato of roaction
appreciodly § vhoro as doercasimg tho partinl proscuro of hydrogon
producon a doeronose in tho gonetion ratos Farthor rore tho
gourpo of tho roaction wao apponref 20 do com:vial dopondont
- on tcopokaturo grediont in tho rooction ponm0, Too oxnplaim
thosco prosongod, it uvas suppostcd that tho reduction Goos not
prococf by tho 4¢rcet route implied by the not ocquilibrium
oguation (1) but involves ferrous chlorido vapours according to

tho oguations

Yo Clo (8) o IPo Clg {vopour) ecess (3)
o Glg. (vnpous-) < Hg {g) o Fo(o)s mcz-(ﬁ)twoon<4)

Tho forprous chlorido vapour0 ean A4ffuco unhindored by
tho HC1 oguilibrium barrlcs into tho imtorior of the rocetion
gonic 80 that 1% can react undor btoady otote conditiono vhoro
PL{Pye I% woo concledcd that ¢ho £lov Pato of Lorrouo chlorido
vapours inteo tho ropction sono was ocssontially proportional
to tho 44g¢foronco in HCY partial proosure ouioting ceroso
ontiro ropnetion £oRoe & £octor By o account for tho imeroansccd
offoetivo roniotoneo to 4iffucion oneounterci by HCl, io

tntroduccd in Bg, (2)

qe2Ve, o D-/,(x ) D) eevooo (6)
© a
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co thoro aro tuo noanst of clouwing dovn the oactions

() Gocrooning tho pértinl prossuro of hydrogon such that
otagnation of gos takes ploco

(44) inoroaoing tho back prossurc of HCL
Honeo tho rato oguation for this case will bo

D+ po

q mavca o W so00c{B)

Bro roprosonts n constant diffusionsl rosistanco undop condtane
prooouro and. isothormal comditions and is oguol 0 Bx (3o -p )/poe
B o ¢ho rosistoncc factor and 40 approximntoly oqual o tho
patio of Fo Cl2 ocoturated vapour prossure and equilibrivm HCL
paridal prossurdy Pes '

1€ the obosvo mochonism is ¢ho principal éato controlling
procoss in tho rcfuction of tho pollots of Py Ci3, tho roactien
front will advenco at o constant £ato tounrds tho eonmtro of
~ tho pollot dnﬂ tho ploto of froctional ponoration of roaction
_ front vorosus tho Poaction timo vill yiold straight 1inos
ot varioud tomporaturod ao chovn in £ig.7.

63
Rigg (ovo ¢ho poto ogquation in torme of fractional

ponotegtion as §
§ ol C'%:.w‘éw"’ﬁmmv vo000(T)
Tho valuoo of apporcat onargy of :ctivetion Lor tho
Eone%ion.voro obtaincd £rom oapgiimonta%aplots of ggrhoniuo
Lypo Dy vorfous worlkors 08 30,9 ¢ M6.6 ord 20,6 K Cals/iolo.
Thooo valuoo suggost that d4ffusion ploys o oipnificont Polo
in dotormining tho Patoe



FIG,7: Typiéal fractional reduction VS time plots for the
reduction of ferrous chloride pellet at various
temperatures.>4
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I1.4,3 CHRMICAL GOWTROL

Boforo boing rosetcd with hydrogon polloto of Fo Clg,
containing 1,7 to 2,6 moles of wator por molo of chlorido,
pollots wore brought to ronction tomnoroturo inm nitrogon
htmoophcro?lﬁ%usgftw tho wvator hed deivon out tho pollot
remained vhich vas porous onough throughout and night bo
oxpectcd to offcr a 1ittlo or no rosiotanco to tho d4ffusion

of hydrogen and hydrogon chlorido,

It has boon oboopved that tfocos of iron oxddo

prosont in tho pollets of Fo Clg i rocdily rcduccd, Thiso

shous that ¢ho hydrolon gas can ponoirato quiclly into tho
pollet at lonst in the initial otaposs Plots of fractional
penotration of the pelloto by tho reaction intorfaco indieatos
a constant rato of cdvoneo of tho intoyfaco, This uoually,
though ziot unoquivocally tolkion ap cvidonco of chomienl ponetion
control. Yennopoulog and Thcmol 1085550170 tho reto oguaotion

for tho chomienl poaction control aso fali;.owas

[1 o (LeRn )%]/@ o (3.8 & lo%e ) oéQVtBOO/RT(é%:;szeM (8)

-27,600/RT
9500/ ooo (D)

oy § o &%_IS.LQB(%&) e}
Thoysgealculatcd an oetivation onorgy of 27.8 K Cal/gofe o
Thio £igurc of activotion oncrgy 45 more in kooping vith
chcnfeal Peaction rato controllciy bud still it 40 on tho

lovor 8140,
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I¢ 10 not clear from ¢ho absvo ovidoneo unother tho
rooetion 0HsM4 bo pogardcd as ehcaferd renetion op G4ffunion
eontrollcﬂg Rccon§1y Miriyola and Emouﬁfaatuﬂy tho Kinoties
of rcduction of oinglo pollot of P Clg in hydrogon by |
thormoargvimetric nothod and thoy oboericd that a oipnifieant
ropiptenco oxfoto ¢o ¢tho diffusion of gno through tho particlo
of vhich ¢ho pollots aro eomposci, Thoy coppied out ¢ho
oxporiconts at tonperaturos loﬂ onoush for chcaiecal ronction
to bo controlling ond obtaincd am potivation onorgy of 39 K Cnl,

rolo of foryoug chlorido,

The folloving factors offoet tho rato of reduction of
forrous chlorido,

(1) DFFECTE _OF

Tho hydrogon flov pato affcets tho hﬁnotica of’éﬁo
pcduetion of forroun chloridos I¢ hao boon roportcd thaot
o variation in hydrogon volocity upto 10 Cn/Soe hao vory
14¢tio offoct on tho pate of gcfuetion of Fo Ci2, Tovovor
boley 1.0 cty/Boee tﬁo poaetion pPato 40 stpongly dopondont
on tho gao volocity as shovm &n £ig. 8. CGocoo forn o
otagnont boundery loyor ofound Sho pnllots, A0 tho flov Foto
of tﬁo Pcfiucing goo 16 incronscd, tho Chicknoos of tho otagnant
bounfiowy loycp 40 rcdpecd opd tho oCato 1o poachcd thon
¢ho otognont boucicPy layc? 10 not eriticols Imerpoaco im
£lov roto boyourd thio 14ni¢ vill not havo ony offoet on
tho pcliuction £atOs, AC loucy voloelifion thio Gognation
givoo 400 to cerious HCY dock prosourd thich affosto tho

RKimotico of ¢ho procoosy
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F1G.8: Effect of gas velocity on hydrogen reduction of ferrous
chloride pellet.>%
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FIG:9: Effect of gas congsition on hydrogen reduction of ferrous
chloride pellet,S



Ao tho partial proocuro of hydregcn gao io pcdnecsd
by tncroasing tho partisl proosurc of nitrogon in o .goccous
ninturo of Hy and Uy, tho Pato of rcductlon &5 also
refuccd pnd tho froctionsl pcfuetion io docponsed for tho
samo intorval of timo bosouso nitrogon acto as diluont
and 4t reducos tho oitos for tho adsorption of hydrogon
gas on tho eryotol curfaco. Tho effoct of gos cooposition
on the fractional reduction is quito cloay from tho vwork of
Miriyela ond B?nﬁn?ehnﬂ 1o éhown in £40:%

33

54,66
I% has bpen oboorved that pellot sige has no

significant offeet on tho rato of Lroctiolnl comvopsion, It
tndicatos that BC1l ond Hy gecos movo through the pollot
vithount 4ifficuley,

' 1% Hanlthnueht that intorpollot porosity might
bo uffoetgg by tho prosouro uscd to_p@lloﬁiaoqz Miriyalan
and Brova uscd four proscuros upto 140 EKg/en for
pellotizing, but no significant differenco vnod obeogved -
i{n tho subcoguont rcduction and it vag foumd thaot ovon ot
tho hoighoot proocurce tho polloto ucro of o sufficiontly
dpon otruetuso aftor Achydrotion tvhich nalkos onsior tho
d4ffucion of the rosetant and tho predueto, %Thuo tho
dohydration inercooos tho porosity of tho pollets onmd
compacting proooure will havo loapt cf£foet on 4%,
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olysis bocauto tho permissiblo curront denoitico during
cloctrolysid in furcd oolts aro highor than in aqucoun solutions,
A»cp¢ from thig, in contrast to fused oalto, 1C 18 difficuls

to obtain povdor vith a prcdotormined particle sino 18 aquooud

golutions,

The nost usual shapo of electrolytically produccd povdors
.40 dondritic anlthough thie eon béﬁifikﬁkeaon of pvpeossing vari-
obles, The particlos are near solid and entremely purc,
Subsoquent annecaling Softons tho povdors. Thcso particles have
high apparont deensity, oxeollont eomargsstbility and medun

grocn strongths Tho poudorso aro suitablo for tho production

" of magnots, magnotic coros, high density conctructional parts
and alloys vith spceial oleetric, magnetic ani ghyaical
propertics,

11.2,6 HOROMEIALLURGICAL HETHODS

1t hao long boon rocogniced that 4f hydrometellur-
@ﬁca14,5,3§~§§0coaaoa conld bo opplicd cconomically to stool
moking, a closo control ovor quality can b2 gbtaincd and
concoquontly lov grado s¢fap con bo uesd to praoduce high
purily produets, A fov attcmpts havo boen dond during last

qocodos Gomo of thoso arc doseribcod dolows

1), GFI, PRECIPIT ¥88

33
A novol procces has boon dovolopcd for producing gols

/



Refuetinn of forroun chlorido 4o o thormally activetcd

procoag, thoroforo, tho rato 1n§g§nggzbgzth ineronoo in
tonporaturo, Rigg ond covorltoro ’ © found a rogular

{neroaso in tho Foto of reduction in ¢ho tompcaturo Pango
o
of 4502628 C ond ofmilar naturo was alos confirmcdeby

86 b
Yannopoulos and Themolics and Miriyals and Brown o Tho

offoot of tcaperoture on tho rate of rciduetion 18 shown in
£ig v Te

Tho affdct,of'hyategoﬁ proaauraeéonthe ratc of rcduce
tion of forrous chloride is small and 15 chown in £ig.8,
‘This inoensitivity of prossuro is attributable to sovorel
' opposing factors, FPor instonco, tho diffusion coofficients
of HC1 ges ond Fy €12 vopours oro ﬂnns&giy proportionnl
to tho total prosouro vhilc tho oguilibrium perticl yréssuro
of RC1 poo ineronscon vith tho oguoro Foot of total proessuro,
Thao tho doeronscd Giffusien coofficiont is ecountorbslonced
by tho inerocascd voluo of cquilibPdunm particl proosuro of
HCX gao amd tho 4qocroased veluo of 4iffusioncl rostotonco
facto?s Thio infofo that tho grouth of iron particles
nay bo concrhot postrictcd at olovated prossuro but not
doginito ompenditupe ovidonec hap co for boon obsorvcd,
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IIT,3 IHIRODUCXION
Ag it hao boon doseribcd im Chaptor IZ that thoro aro
sovopal mothods avniladlo for tho production of {ron povders

having thoir ovn morits anf dcmorito dut tho choico of o
particulor mothod dopenin on tho follovins factornt

o} oconomicnl considorationsn
b) avollability of rav matoricin
e) purity anf proporties roguircd,

TaXing into conofdoration the abovo factors, hydrometsallur«
gical moethods ¢an bo applied oconomicolly for tho production
of high purity iron powdor vith n cloge control ovor tho quality.
This methodl can bo uscd to any typo of iron booring moterials
by diseolving in hydrochlorie acid for tho production of iron
and &rdnualluy poviors, Tho aim of tho procont vork 4is to
produeo {ron ani iron glloy povdoro by rolueing iron chlorido
ond mixturo of chloridos of iron and clloying olomento by
hydrogon, For thin,tho vork vao planncd as belous

1) Produation of forrous chlorido eryostolo
44) Drying ard making of pollote of tho erystanlo
144) Rcluction of tho pollotso vith hydregon at

various tcuopopstiPos,

Tho opporatno uocd fop tho rcduction of tho pollots
of forrous chlorido cryotol Lo shoun in £ig.10¢ Tho opporatuo
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can bo dividcd into tho follovins threoo main partos

| 4) Reaetor for tho Pcduetion of forrous chlorido polloto
{4) Prchenting furnaco foy tho hoating of goseo
444) Aoscmboly for tho recovory of hydrochloric acid,

IIT.2,2 ZHEBEACIOR

It consiots of a 18/8 stainless stecl tubo vith on
mtornul @innotor of 3.8 en ond overnll longth of 80 om,
Tho tuto wvas hoated 4n o 3.2 KW oufflo furnaco covoping €5 cm
of its longth, The muffle uso outornally vound by 18 SUG
Kanthal Wiro, The tomperoturo 4in the tubo vas controlled
within tho 14mits of ¢ 6°C by moons of a chromcle-alumol
thormocouplo and o Honoywoll Scorvotrovik® controller, A%
outwvard ond o stainlens stool tubo of 6 1 dismoter cnd ot
tho invard ond a mild steol tube of 12,6 ra diamotor woro

attachcd by moohs of £langod,

I¢ conodstso of o mild otool tubo of 12,6 ra diomotor and
ovorall longth of 100 ems, I¢ wop placcd in o 1.} KW ofllininito
tubo furnnco of 2.64 enm diarotop. Tho tcoperaturo in tho
Cubo vas nlso controlled dy chromalealumol thesmocouplo ond
eontPoller vithin tho 18nito of g 6%

113 83

To coosuyo tho hydrogon flov £oto, on orifiecc ootor

vng conctPuctcd and vao calidroted aroinot a wie oot gas D tore
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Tho dooign of tho ori£160 notcr 4o chovm ia £iG.13.

111.2.4

It concioto of n Opirsl condonsoP and an aboorption flaol,
Tho aboorption £look containcd diotilled wntoy apd vas £ittch
vith o burotte to intoduco o OB dolution Lop titrating EC1
colicetcd, Mothyl red wao uocd o8 an indicotor.

111,58 UARFRIONS DSER

Tho matorielog; uscd for oxporimentol worlk, oro givon
balows
1) Ivon serap
14) Nickol motal turnings
- $44) Chromium motal turnings
iv) Btninless stool (18/8)turningo
v) Hydrochloric acld commoreiel predo purity
v4) Hy8rogon god
vii) nikeocon gos
vi44) OoSiun hydronido 1- solution
ix) Ibthyl red colution

T1X,8

Tho varisup otops {nvolucd in ¢ho crporinental proeciuro
aP0 dcseribcd bolouwe

TIT400d

Tho cleonc? iron oceap uvald 44ccolved in hydrochloric
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0618 ot €5 C. It vant into tho oolution Focdily ond
hydroron pgod voo ovolvel, Thio forrous chlorido liquor was
£4lcorcd through o prossuro clgoe £ilteor (o ramovo tho
inooludlo impuritioco, Tho £iltorcd solution wos hoated o
incroago tho comcontration of Foll, in the solution. This
hot liquor vao thon coolcd, By concontration and cooling
of tho liquor, crystalo of FcClpdHa0 wore formed, Tho
eryotele vorc takon out tho mathor ligquor nmd wore uashod
vith wator to rcmove adhored HCL from tho supfaco,

To preparc iron alloy crystals, vwoipghcd smount of iron
cerop and the clloyinmg olomonts, vis, miclkol, chromiunm ote.
vore dissolved in hot hy&roéhlaric acid and the cryotals
woro produced in the sisiler foshion ag ddceussed abovo,

The totrohydeanto erystols woro, thon, 4ricd on a
stainloss steool plato placed on an olcetric hot plato ard
uad groumd to & £ino Sisa. Tho dry cpystnl povdor wasd
snalyscd by eonvéntionnl chomical annlysis mothod for iron
%o Gotormino watoremolcsulon essocieted with cryotols aftor
dohydration.

I1T.4,2 LAKIIG OF PRILTEN

Tho déihyérato forrous chlorido cryotodo woro proooecd
in o cylinirical 410 of ddarator 1,86 en o produce polloto
oo 4n diamotor and hoighte Tho £inichcd pollots wore
voirhcd ond ogtorcd in an ofir tight containcys Thogo vworo
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tallon out irmfdiatoly boforo intpsiveins into tho roaetop
| to avoid any chaneo of onidation, 7ho pollots aro chova
in £ige 33,

ITT,4.3

Tho reduction of Lorrous ¢hloride pollots wos carricd
out in the roactor at varfous tompIraturos viz, 4009, éBOPa
Boo»?9 550?, Gocp‘anﬁ GGGFC¢ Tho peliots vere kpopt n o
84iliminito boats Uhon the reactor atfnincd tho temporaturo
IOOPG less than the required refuction tomporaturo, oystoms
wvag purged by nitrogon gas and aftor ton minutos, four pellots
woro introduced 4n the regetoy., Tho roactor was hoatcd to
the roguired rcduction tomperatures A8 the reactor attained

tho poquired tompersturd, the nitrogon was roplaced by hydrogon.
Thé hydrogen wvas firol passcd through the preheoating furnoco,
mainteincd ot the roacter temparaturCy So that it may not cool
tho roasetor, The hydrogen flov Pato woo 3 litro/minuto vhich

vas opt constant in cll tho dxpcrimmnto.

Tho courco of the rosction uas folloucd by titration
of ¢tho ovolvucd HCL ageinst 1,041 Nolil oolution using nothyl
Pcd indicotor to knov tho amount of HCL rocovercds

As tho rooction yeoached Lo conplotion, the povop

voo cvitched offs Tho hydrogen vwas comtipucd o bans Sox
0 ,
n dcercaso of 100 € in tcmporoiurc, Thon the hydropon wad
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FIG.12: A view of unreduced ferrous chloride pellets,

FIG,13: A cross sectional viéwoof partially reduced ferrous
chloride pellet at 450 C.
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replaced by nitrogen for cooling the reduced mass until
it reached to room temperature, 7The reduced samples wore
analysed for iron content to mow the percentage reduction,

111,44

The shape of the particles of verious powders was also
studled dy using Neophot«2 microscope.
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Wi  RESPLRA

In ¢ho procont dnvootigotlon, tho Lforrpous chlerido
ond §ron-clloy chleorido eryotals uoro pcduccd by hydrogon
for tho production of povicros Tho £orrous chlorido cryotnlo
vcro reduced ot temporaturos QOOP, CSOFg 60@P, EGOP, Gedog
and 65020 wvacrooo tho alloy chlerido cryotnlso woro rcdueccd
only ot 600 C. Tho Bomplos voro cnalyocd boforo amd oftor
tho rcduetion to Lmav Tho composition of tho povdor produecd"
and tho oxtont of rcfuction,

The ofporimontal posults fop throfoduction of forroud
chlorido eryotals at various tocmpcrotures aro ¢abulated im
tabloo 4 to 9 ard for alloy chlorido crystals in Teble 11 to
13, The porcentape reﬁucticn.anﬂ the porcentagec rFocovory
of BEC1 2t tho ord of rcducetion in crell eaco aro aloo plotecd
grophiecally, Figo.i4,18,192 and 20 cro tho plots of HCL
POCOVOPrY 4N GeGs VOPOES ¢ino in minutos for the prciduciion
of forroug chlorido ond olloy chlorido cpyotol og

In 210010 and 17 poreontage ccduction arfd popcontano
sceovery of HCL are ploticd agninst Lico 4n oinutod Loy forrous
chlopido epystels, O cooporision of 01 pocovercd im €oe
vepcuo teopozratero ot £incd Ao 1o nics medo omd 40 ohovn
in £ig.M5. Tho perocatoge of HCR sceovepcd woo caleuloted
by uoing tho follouins foriulas

- HC1 rccovesy AR CoCoe pene§§ga§§y
~ Rogovory of HC2 L TOcoOvOry in Ge0e thooriticolly
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™0 comparicen of pcrecnlone poduction ol porecnatago
rocovery of HCL 4n ¢ho pcluction of Lorpono chlerido omd
vorfoud alloy chlorido for 120 rlewtoo ab Qoooc 0 Choun
4n £430,02 cnld 89, And tho conporicon of actunl ECR pcoovorpcd
ot thio tcoporoturc 16 chovn 4n £IG«81e

$ho phyoicold orocminatien of aamﬁ&on agece rcinetion
povonlcd tho proooneo of an innoy coro vhoro tho pollot
porrincd uapcduecds CPooo scetion of partiolly rcduecd pollot
of f£orrous chlorido cryotal 40 thoun in £1G418,

Tho shapo of tho particlce of various povdors uos
otuddcd by using Hoophot«3 micponcopc. Tho photopraph of
thoso particlas vero talkon and ars chouvn $n £452.24 ond 26,

V.2 3CPSSIONS

Tho forprous chioriéo cryataiu vworo reduced aft tomporaturos
in tho pango of 4069 to 65090 vacro 08 tho slloy ehlorido
epyoctals vero ccluced at eooﬁc oly by hydrogon, o oxporimontal
roculto arc thown in £4ps8. 34 €0 82, and oro dinonoocd bolou,

L)

Tho rcduoetion of Leovpono ahilorido cryotnio at vorioud
toeopopntured 40 thoud in £063%. 1% thoun ¢ho arpunt of HCY
POCOVORCR 4n €08 VOPRCHY 470 of relsctlion 1n minutos fop vVorious

geonorotuscde 1P 10 cloog fron 170 £iruso Chat oo tho toopceatupo
{nopcacos tho emount of NCL gocsvrord 46 nleo inapoaccsd vith
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Adoerenso in rcdoction timoe 0o 4¢ con bo woll argucd that tho
arount of HCL produccd and thus tho goto of rcduction iu
ontrczoly tomperatusro consitivo, Thioc is furthor clarificd
fron £i3.16 in vhich a comparison of HCL rocovoref in G.¢.
.versus tomporature for rcduction of fox?ous ehlopido ceryotaln
at fixcd ¢tiwo is modo, I 4o fourd that ot tho emd of 60
ninutos tho rocovory of HC1 ot 4odqc ia 20 cc vhile vith an
{neronse of 10600 1% becomos 43;ac,taﬁh an furthor ineronso
in ¢cnporaturo upto GBOFC tho porovory of HC1 bocomes 1654 cc.
81n3inrly at tho cnd of 100 minutesc thoe vocovery of HCl at
400°C 15 22 ce while ot €50 C it 4G 187 ces

Tho pereentage rciuetien of forrous chlorido erystols
is eaiaulatad £rom tho annlysis of redweed samplo of varous
tomperatures and 49 plotted ng-inct time in £ig.16, This
-chows that the persontnpe reduction of forrous chlerids
erystal 410 ineroased in lesspor tiuo vith inercose in
tomporaturcn, At 40090 the porcont reduction 15 40,68 vhilo
at 6500(7 it $5 €8,9 in times 300 and 100 ninutod, rospoetivoly,

Pron: tho porcont pcduction datay tho theoritical

| ocount of HCl produccd wao ealevloted omd tho poreontogo
rocovory wao found outs %Thio &8 cotparcd in £13.17 for
vorious tomporaturoo vhich chowo thot tho poreontape roecovory

of HCY iolnot oo ot 0ll tenperalirod,

Tho croos sScetion of an partinlly seduecd pollot of
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forpould chlorido crystel is shovm in £ig.13 vhich showso tho
proconce of nn uarcduced coro ond confirmo thaot tho rcdection
of ¢ho forrous chloridc eryotal talios placo 4n o topochcmienl
opnncy, In thio esocc thero is a gos 4iffuoion boumiory loyor
nt tho outor surfaco of tho pellot, But ¢this boundory layor is
not eritical vhon ¢ho gas £lov roto 1o boyourd o particuler
optinun flovw rato (1 14tro/min), In tho procont invostigation
tho flou pate of hydropgen rpog was kopt 3,0 1itro/mnin, Thoroforc
tho foundary l-yor vas nat eritical.

Tho rcdyetion of varicus lrone-alloy chlorldo erystels vis,
Fo «Hi , FouCr , Felil-Cr was carrizd out af 60500 and tho
oxporimontal rosults Ara shown in f1g3,18 to 20, The porcentago
rcduction of these glloy chloride erystals was caleulsted from
tho knovledgo of tho anslysis of the erystols amd povdors, Uith
the help of thoso reduetion data tho thooritical HCL recovored
wao sles caleulated tn knouw tho pogeentago HCL pocovory oand
honee loco of HCL, Theso Gatey porcentego reiuction and
poreontage HC1 recovery for varioun slloys, voro compared in
fic8e 22 and 38,

The rciuetion of forrous-nickol chloride wap £9,60
vheroag tho rcfucticn of forrous-chromous and forrous.niclkol-
chrecud chlorldo cryotalo voro ©4,40 and ©7,C. coopoetivoly,
Tho nazinud rciuction vas obtoincd in cowo of FO«Ni alloy
povdor ot tho oomo tomporaturo end 4n tho camo $4imo but 4o
ninican in caco of Foolr anlloy povder, It iwdicatesn thot tho

2¢ 2¢
proocneo of 11§  iono imcrocoo tho pate of rcduction ond Cp



o

ions doerocsos vhich 10 quitc ovident £rom tho reduction
data of Foolli.Cp chlorido crysotnlso, This £iguros £allo

in tho rongo of tho peduction data of Fo-lieand FoCr alloy
chlorido cryctalos

A comparicon among vorious alley chleride
eryotols 48 oleo mado in £ig.81 vhoro truo HCL pecovery
in c.¢o i0 plottcd apoinot €imo, A truo compaficon carmo
bo oofc duo to variotion i{n woights of tho pollots but ¢tho
naturo of tho curves can bo comparcde Tho ohapo of tho

curves aro similar to that of iron chlorido,

The chape of iron and iron-plloy povders aro
shoun in £igs 24 and 26,- In both cooog the shapo of tho
povior particles is irrogulor and tho particlos arc opongy

in naturoe:
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On tho basis of Fooults amd disceussions oxplofncd in
choptor IV, the following conclusionn can bo drowms

1s Tho reduction of forrous chlorido crystals by
hydrogon toltes plaoco in o topochomical mpnNOF,

2, Tho inerossc in tomporature inercasoo tho poreontago
rcduction for tho rcduetion of forrous chlorido cepyoctalo by
hydrogon.

3, Tho inoroaso in tomporaturc alco ineropses the HCL

rocovory for forrous amd vorious nlloy ehlorido crystala,
4, Tho nature of tho pcduetion of forrous chlorido

ond alloy chlorido oro oamoug
o .
B, Tho prosonco of T4 1one\igcren5ﬂ tho poreontogo
-
rcfuction vhorons tho proooneo of C;  {ons doeronns,

8, Tho thaopo of tho iron and alloy povdoro is
jrpogulocr and OponaY.

¢
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TAELE =

PRODUCTION OF IROFW POUDER BY VARIOUS PRODUCLRS
Il THZ CORLD IN 1270

QOO UQVO0

Botimated  Basic  Foed

Country/coupany Location capacity msthod stocks Romariko
(Motric
DataVa igh:
SMEDRI
Hoganas AB Hogans 176,000 Carbon
reduet~  Spongo
ion, iron
atomi- A ~
sation
Husquarns

Vaponfabriecks AB  Hhokvarana 1,000 Electro. FeCly
| lysis s C1

eléctro-
lyto
51,93
Jand JoMokin Rochdalo, Atomisae Car Output
Ltd, Laus tion press- about 3500
folloucd 4ng ton.could
by co« offcuts bo oxpoecto
minution to 10,000
ton por y¥
Goorgo Cohon Lonfion £,6 1,000 Elcctepe
lysis
Roumtt Ook B iorloy 165,000 Komioation Planncd
8tool vorks Hi1l : for 1970
VFSTERY_GURNMAT
| Hoptootoll °AG 11,000  Comninu- Carbon Hamotag
\ ' tion In 0otRo0l procoss
Ho atu, viro
lonngonann Monchone 11,000 Atomisa- Serap
plvorcotall gladbach tion and
pig fron
otollhutton. Luboelk 7,000 Atoni~ Pig iron Iron &
sorlto Luboel sation & otool alloy

pouvdors
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Countey/Conpany Locotion Lstfratcd  Boole Voo Reanrko
capocity nothed ptocks
(tlotric
sonfeng )

Dontar Cuobce

Quoboe letal Traey,
Poviors Ltd,Cuoboe

Fino Metzls liontycal

PRIS Hipd sor
Oontocrio

10,000 Atomicotion Hot  High compros
notol 1bility.Thro
fron ugh out {
Cucboe pzobablg abol

0

10,000 ton/
70,000 Atomication Iron & yoor, UK
% agants Povacy
Hatollurgy
Ltd,
16,000 Hp Rcduction Concen
teatos
50,000 Hydro- Cor Started in

atellure.  Prossing oarly 1870
gical off cutie
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Yoy Iron Powier consumption in the vorld
1247 | ‘20,000 tons
1851 . 30,000 ®ons
1837 150,000 tons

1973 500,000 tons (expoeted)

Typo of Process % of Yorld Suitoble rav

Production nateriol
Reduetion 28 Eigg gredo iron oro or Mill
8enl0e
Cerbonyl decomposition Grall Spongy iren, powdored iron
Qquantity
ronization 6o High quolity of oerap op flot
motal
Eloctrolytic 2 lov grode stocl platogeast iro
Hydrowatallurgieal 10 Any iron boaring rav matoricl

including ocerappilcoanito
pickle liguor.
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TAHLE«4, EXPERIMENTAL DATA FOR THD REDUCTLOH‘ OF
FERROUS CHLORIDE CRYSTALCS AT 400%C

L i Ll 2t

. I T T | HeL
Weight of | jTime in JHC1 Recove;*y? aeduetlonggl . Recover
peliet futn  fincc. ) covery
15,0144 gm 30 6.1

60 13.6
90 21.1
- 120 28,3
180 36,9
180 41,3
210 48,4
240 66.6
270 62,9

300 67.1 40,65 74.82 89,8




ime in{HCl1 Recovery? Roducuo;FCI Recovery®® HC1

Weight of
fellet Min ‘tn ce (Theo.§in RECOVe
Sal.... lor
a 17.8
15,9784 gm .
60 39,9
90 57.9
190 7.3
150 96,4
180. 112,38
210 131.1
240 35043.
270 159.0 | |
300 162,2 90,61 174.9 90,8
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TABLEoGs EXPERIMCRTAL DATA FOR T "'HE REDUCTI011 OF FERROUS
CHLORIDE, CRYSTALA AT GO0’C

i £ I [} J
voight of {Timo iniHCL k2 Rcductions‘!i(!l Rocovory [% HC

polloto ?«un 1§cg;ery£ ﬁ(Thcpg )in cc Bﬁecovory
16,0010 gme 30 30,8

60 62,0

80 7.1 -

120  128,0

1O  160.3 -

180  167.0 -

210 1068,0 - 01,79 1790 03,8

o
D

"oTEhT or frims 1nj HOL i@ Hedactiond
polletn iMin ecvoeryl JHCL Recﬁovery g;mcz.
) inec | g('rhea@)in ce Haocovery

- 1 i ] .

30 39,6
16,460 gn

80.8

€0 121 .4

120 167,.9

160 159,09

80 3623 €2,09 Q77,73 21,1
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TAELD=R8 mmnmrm. DATA POR "’HE REDUC"‘iOT? or

Tolght of Wi WHCL B Roduetionldct 7§ 8 HCL

Polloto in Min ocovcryﬁ JRecovory !l Rocovory
in ce E I(Theos) )
) p oo &

34,¢2156 goe 20 3G6.0

40 78,7

60  120,8

80 1623

100 26001

180 1629 07,6 178.6 £1.4 .

e .

TABUE 85 EXPERIMENTAL DATA FOR THE mec'rgorz oF

FERROUS € -Rms_n 8 _AT
Tolght of] 7Im0 In PACL }fﬁ Rcducticn HCL xmmmmm
pollots | Min, fRocovory f{Theo in co gneeovns'y
i gan ce ﬁ }
i - ] fi
16,1470 20 89.0
' GRe
40 120.2
8o 171,38
80 - 184,8

100 L3, 9 £309 103,9 €3.4
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Anaiysis (% Fg)

34,02

Crystals [ Temperature in
{sre) 1 IR

400 -
4560 -
800 -
£60 -
800 -
650

o

6647
94,8
96,4
9647
98,6
904

S
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TABLE-11 EXPERIMENTAL DATA FOR THE REDUCTIOF OF Fe-N{

CHLORIDE CRYBTALS AT 600°C
] T L 1 T
Weight ofJTime inJHCL )8 ReductionfHCl Recoveryj %.HC1
Pellet {Min, JRecovery L I(Theo. )in cﬂ Recovery
1in cc |
20 42.8
40 86,43
13,900 60 28,8
n,
80 149,8
100 158,2
120 169,98 - 98,68 104,2 97,3

TAHLE »123 EXPERIMENTAL DATA FOR THE REDUCTION OF Fe-Cr
HLORJIDE. CRYSTALS AT 8

" ¥ T~ T N %21 A
weight of Fim iniHCl % ReductionMCl ) Recovery
pellet Min, !Recovery g JRecovery §

I ‘ J(In Y
20 20,7
14,010 gm
40 63,6
60 96,6
80 129,6 )
100 148,44

120 149,.8 8344 16642 91,1
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SABLER)Ms  EXPERIMESTAL DATA FOR THE M-DUCTION OF
I i [ ZIC1 Rocoveryl
Yoight of || Timo inl[HCL 5 Rcductionﬁ('rhcoo Mn cz Hel
Pollots Hin Fccovaryg § ccovery
an s, b A
20 41,6
14,3410
' 40 81-»3
GO 122.8
80 161,23
100 1658.2
120 160.0 7.6 173 22,06

TABLE 24 ANALYS&S OF CRYSTALS AND POUDLRS OF VARIOUS ALLOYS

}  Cpyotale o " Povdoro
Alloy g Po | Cp, Y HL ?70' T c¢ ] ©4

1 1 L 3 | Ji
Puro FoO 34,085 o o 9896*:3) ° -
Pe-li1 28,655 - 5,645 8340 o 15,785
Fo=Cp 30,30 Q620 - O 8,15 -
Fo-Cpoll4 26 4% 6,20 315 17,765 7.80%

2,830

4
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