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Introduction

^-lron 
powder p.]ays an important role in the indLrstry, ir

:::9uits. ror 8070 by wcjght of alt merat powoersproduced annually Il].tt is us€d extcnsivcly in themanuiacturing of various autontobile sintered parts and
: l :1r:m41etic rn. ier ia s ,uch rs:  r le dusr (orc.  J\)Een
l:1"1.: l  l '9 body u*rncr by Lr, i rs powoer n.ur.r j rs)
{r  L!r , '  t lorn.qre \^h ch rs r ' re nro,r  drvcrse nrnLrfa..uni ;
lppforclr  

. r inong rhe \ar ioLr.  rrrer: t  workirrg technoJogiei
oLr!- lo rs ,rbi l i r )  ro fabr;(Jre t ign qIt i l  ard .onp:cxpnn..ro clo:e ro to-erdFces in r l r  econon)icdl  nrnner .ronpo\de| J l ,o rsed J, r  carr ief  for roner:1 elecrro. lar 'c
c o p ) r n g  r a c r r n e .  d r d  a  ( t r e m i c r t  r a s  m a r e r i a t  r u , e . o \ e rrnefJls 0t vatue in rhe process eff luerr [21

I ron powder i re nt -nufrc lured lhroug,r  .e !err l  d : f .erenr
r leuols or  f roducr ion r r i lh  cr .h ) ie jd ins a prorr . l  .ar
na(  d 5 ' rnct  th)5rcat  propenres.  lo l | r  or inc:pal  nrerhods by
wnKn rron powder.  r re Lo ' l l r , re , ( ia . t '  p ,odL(ed:
Alonizdt ion.  Chenical  -cdJct ion.  .Jrernr , l  reor .cr ron
ano etec i fo ) r ic  nel l rod.  Atorn iz l l jon i "  t \e  o ldcst  nf r t joo
a1d s l  l l  dor  Lndnl  for  prooLL -g i .o . r  po$ dLr(  . , l tno.  grr  i t
req ' r rec h g l r  energ) .  the LheJnj . r l  re thod h.  - r .  o  occn
u'ed $ l ,ere .etecred ore rc  Lru. tcd .n i \ed $rrh LJbon
r l l0  pJs ed lhrough I  cont i ruoJ,  fLrn lce s ' rere tecc l ton
I , j t ies pt -Le Jed\ ing d La\e of  (pongy i ron $hich i .  rher
lu ih€r  l rearcd by ( r  I .h i rg s  1(e 10 recr ing oper"uo rs
r 1 \ o  v c d . l t e  p u r . r y  o f t h e  p r o d r c r  d e p c r d s  o , j  t h J  o f t h e
raw malenats. Carbonyl process was originally developed

IJCPE Vol I No 1 (March 2OO7) 51



cte si:e lcss than 146

as 3 medns of ref ining of i 'on where t  'ude meul being
caused selectivity to react with carbon monoxide under

Dressure to form the carbonvl which is a gaseous at the

iea"tion t"*pe.uture and decomposed on.raising.the
temperature and lowering the pressure to obtaln pure lron

oowder and carbon monoxide [3]'I he elecuolvtic method is the mon economical melhod

for producing iron powderl moreover the iron powder

obtained is the highes! quality. Th€ elec$olytic powd€r

consisls of Darticl€s whose dimensions and lbrnl
(dendritic sha;e) are mor€ suitable for pressing The

major advantace of elcctrolyl ic melhod over lhe ot l ter

. . inoat t i . t  i ; lhe possibi l i ry ol  conduct ing tbe process

under conditions such that powders of a wide range of

volumetric mass are obtained (0.4-4 0 gm/cm').
Nevertheless the preparation of iron powder by

electrolvsis is carried oui on an industrial scale and the

oroduction continuous lo increase: Iherefore the

electrolyic method deser!e'  a special  af ienl ion The

techniques for elecaodepositing of iron powder have
,avanced in two directions: electrodeposition of fragil€

deposits, which by grind'ng yield powders and

electrodeDosition of powder dir€ctly
Severai parameters influences on the characteri5lic and

strLrcture oi iron powder pfoduced at well as the yield and

current efficienry which play an impo(ant role on the

economv of the process ,These are :metal 'on

concent;at ion,cunent density 'agi tat ion,temperature,
conduclivity of€lectrol,4e and added colloids to solution'
cunent d€nsiw and metal ion concentratlon are more

oronouncerl on the vield and current eftlciency [4]
ElectrodeDosition of iron powder dates back to 1846

wben Bott;er used a bath of fe ous sulphato and

ammoniu chlor ide i5l  .s iemens in 1889 proposed a

eeneral Drocess in which sulfide_ifon minerals wefe

ieacrrea with ferric chloride or sulfate [6]. The firs!

serious attempt to produce el€ctrolytic iron in quantlnes

was in 1904. when the metal was deposhed at a curent

densitv of0.bO6'0.01 A/cm? a! 3O'c and an average emf

of l 'voh t?1. In l9l4 an electrolyt ic i ron plant was

installed ai Gret]oble, France, in which a hot natural

solution of ferrous chloride was employed as an

electrollte to which hon oxide was added as a

rleoolarizer. with cast iron anodes [8] Clarenc€ proposed

an electrolyte for the electrodepositing ofhon for powder

metallurgy purposes consisting essentially of an aqueous

sotvent o:nd'soiute of fenous chloride, ammonium sulfate

and ferrous sulfate being in the ratio l;7:9 [9]'
Zhelibol in 1973 prepared fine powder by using

concentrated solutions under th€ conditions of a two'

layer electrolltic baih [10]. Samal discovered an

imoroved process for producing iron po\'\der $herein at

Ieart ?0oo weighr fra(l;on of powder is less than 44

microns bv usina an aqueous elecrrol)4ic balh ar a fenous

ion concentrar lo-n of l6- ' t0 gnvl and maintaining lhe pH

at the range of 5.6-6.0 and temperature of38-49"C [l l]

Chul studied the effect of some additives such as oxalic
and citric acid on the cathodic polarization and curent
€fticiency; he deduced that such additives produced fine
powders with no dendrites u2l.' 

Carlos stridied the galvanostatic iron electrodeposition
on nickel substrate and obtained iiagile layers at currenl
density of0.04 A./cm'z $'hich can be transformed into pure

iron powder D3l.
The aim of the present research is to prcpare an

electrolytic iron powder dhectly in powdery form rather
than compact deposits which must be milled as known in

Experimental work
The iron powder electrodeposition was carri€d out at

constant current op€ration during the electrolysis
rgalvanoslar ical l ))  using a l5- l i rer capacity eleclroly ic
cel l  tmade of Perspex) having pro! is ion lor electrooc

adjustment in all required dhections as shown in Fig. I

foverSupply \

t
t
I

Fig. I Electrolytic cell

The dimensions ofthe cell were I8x32x6 cm having a

top coversheet. tho cell consisting of lwo electrodes:
caihode made of stainless steel plate of 30cm lengtb and

l6cm width and anode made ofhon plate of30cm length

and l6cm width having a purity not less than 99 9% An

enter eleclrode distance of 3 cm was maintained The

effeclive surface area of cathode (immersed area)

suilable for applying the limited cunent density was

detehined by moving vertically the cathode up or down

rhe level of tie electrolge The two electrodes were first

subiecled to mechanical lreatmenl with flr't rough and

tine emery p"per. kepl in dichloroelhan€ in order lo

; ; ;" ; ; ; "y; ;" ' ;  f iom rhe elecrrode surrace shalen in

distilled w;t;r for a few minutes and wiped with drying

paper before being placed in tbe cell A power supply
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(2Oampcrs, 30 !ol0 was used to dr iven thc cjrcuir .  rolal
curenl of l0 ampefes was applicd for each run ano me
e c!Iol)  i \  uJ, proc(eded ai  roo'n renperdr l-(

Ali the reagents used fof prepa.ing rhe elcctrol),re were
ofanalytically gradc (Merck) and did noj undergo further
purification .distilled and deionized water was used jn

.preparjng ihe solutions. A 2.5-liter etectrol}1e was
prepared lbr each mn by dissolving ferrous sulphat€ and
sodium chloride in an acidified disriled warer. The
amount offenous ion in the electrol),te at rhe staning and
drring the electrolysis was dete nined by using atomic
absorption technique. the PFI of electrotyre was detected
onljne .At the end of each rLrn , iron polyder was
scraped out the carhode, washed ryith disrilled water
(Luke-warm and acidified , pH:2 ) and aDsorure
ethanol , dried under nirrogen atmosphere at 80oC,
screened using 106 pm sieve and weighted the t lvo cuts
(upper and lorvef $an l06pnr). Sarnples of rhe pr€pafed
powder were taken to derermiie thejr purity by atomic
absor?t ion. The carhode in tum was r insed in di lute HCI
and made ready for subsequent use. [actorjal
experimental design was used to siudy the effect of the
nlain parameters on the percent ofpowder having parrcre
size l€ss than l06prn, current efficiency and yicld.

Results and Discussion
' fhe 

ef iects of the main paranret€ls $ere studied jn
order !o determin€ lhe prefered condirions for obtaining
iron po$dc, Jirc.r ly 1 po$deD torm dr h,gher percelr  ol
pJnicle s.ze less t lan 106/m wlh a sr: table cLrnent
ellciency.

Current densiiy
Fig. 2-,1 shows the effect of currenr dcnsity on lhe

perle ,r  ol  i ro po$der iesr r l  -  I  l06t.T, Lurrelr
eff ic iency and yield respecrively.

Fig. 2 Effecr ofcurrcnr densiry on \vejght percent of
poeder less $an l06 tnr

c u m i i d f t  ' y l d c n ! )

Fjg. 3 Effect ofcLrrrent density on curfent ef f ic iency

i  , .

c(trderryl^^n{}

Fig.4 Effecr ofcunent density on yietd

t crr  be .eer lhJt r l re pc,.e L of i ror powd"r Jrd )  ie ld
r."ease wrrh . Icred)r i rg u e (  -  rerr l  dersiD qh le d)c (Jnenl

er . .ertr)  decrcr"es. Thic is be.aJse of rhe incre,. i rg :n rhe
rdle of h)drojer c!olLt iol  as clrenr den iry i r . re:"e"
reaa.ng ro Increale t / le peneIr l ior ctrd d:. | rbLlr ion ot
hydrogen bubbles rhroug| the bed ofiron powder fomred on
tie cathode surface which rnake tie padicles of iron finer. It
rs to be noted Oat cuneni eficiency drops down (60%) as
the cunent density reaches 0.t2 A./cnrl .From pracucal
view poini, it is nol reconnrended that thc cunent eiiciency
reduces_loler than 60% bccaus€ ofa high etcct cal energ/
q ill be l^sr 1 d 'o no d e\cessi\e h(flirtg o. urc c e(no.ye
ar)d lornrrion of dejrdr: c-r'ce qrolrd\ o lfe cld,ode rnd
lo maintain a useful electrolytic deposition rate. In addition,
Ure tempemture offie electrolye reached to 5joC at cunenr
density of 0.12 A/cm'?as observcd in rhc experimenls. rhe
lemperalrre r(recsilg led ro i-crc..rrg rhe i(rrol, ioi
corcelu- l io l  r  f ie.e 'c(trol) le r i  l te curcnr den. iry ro.e
|  ts ler r \an 0 lA.trn ' .  also :ro ,rydro\ ioe $. p.c.  pihted
\r. l r  cdused orre problens i  r t .e ele.rrot l re.  T' ,e"e
resuhs in accodance wifi thar obrained by Sanrat Ilt].

;
lh

,

r d
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c
v

I

i
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!

c u m i i d f t  ' y l d c n ! )
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Ferfous ion concentratlon

Fir. 5_7 shows the eflect of ferrous ion concentration

on tie oercent of iron powder less than l06Fm' currenl

. i l l ' . " i "  
""a 

t i . ra respecri \elv l r  can be seer Ihrt  r le

"f , . . " i - i r  
i ' ""  p""a. i  teqs rhan loofm increare'  wirh

iecreasinc rhe fenou, ion concenlml ion whi le Ihc cunenl

"fr . i f " l i *a 
\ ie ld dected'e rhis can be Inrerprered nr

;':;;l';''''*; ircnsier oi renous ions decrea'es a' thc

".'"""irtii"" 
o.***. le.rd,ng Io increase llre cleclrode

;;i;;,';i;" " 
Lhe rate or hvdrogen elolution will be

increosea. t ie.  5 sho$s that lhe current e{ l ic iency drops

il*"i ti"" eot" as lhe ferrous ion concenrration lower'

ii," Iz 
"nvr. 

Thcrefore, it is preferred lo opcrare al

con..nt,ai ion of fet tous ion close or equal lo 12 8m'1 lo

int | | t .  r t ' . . r . r* ,  ef f ic iency bcing higlcr Lhan 60";  arrd

maintuining rt 
" 

per""nl of iron powder less than l06Pm

as high as possible

\|ith patricle si-.e less thatl I06tm

Fia. 5 Effect offerrous ion concentmtion on ihe weigh!

percent ofPowder less than 106 Fm

Fis. 6 Effect offerous ion concentration on the curent

efliciPncY

Sodium chloride concentration

Fie.8-10 shows ihe effect of  sodium chlor ide

"on"?nt*t;on 
on the percent of iron powder Iess than

iiOurn. .r".", efficiincy and vield respeclivelv lt is

" l t i i " ia 
,nn anl in ireasing in sodium cl ' lor idc

lon"enrrution leads to decreasing the Percent of iron

nowder less than 106[m and increasing the curr€nt

!m.i"*t  
"na 

l i . ra thi  ef fect is not cr i l icJl  dc rhose in

,r ,"- . r t i . " ,  a.* l ,v and fenou" ion concenlral ion'

io*"u.t .  *air .  chlor ide slabi l izes the eleclrolyte and

i;;;;. l; conductance. tt also arrecrs.^the form of

deDosit, which is granulometrically more unrlorm

ihe main effect ofsodium chloride concentratron Is on

,fr" 
"rti* "f 

ir* powder obrained a' shown in Table l

* i . : .  i ' .  oui ty " l  
po$der decrer 'es lo$er rhan

so.qX us .o*.nrrut io ' :  appro' lche'  25911 1 ! \h ' lc I  r '

f,Lri.i tr." psgl" at concenimtion equai or highef than

75gntl.

Fig. ? Effect off€nous ion concentration on the yield

Fiq. I Effect ofsodium chloride concentration on the

weight percent ofpowder less than 106 pnr

t 1

; ^
E N
a
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and decreasing both rhe current efficiency and yietd. The
effect is mo.e pronounced a! pH value lower rhan 4.5
where the percent of powder approaches 52.65% at
pH:2. At higher pH value, the current efficiency drops
lower than 6070 as well as the purity (>99%). Therefore,
1r rs prererred ro operare at pH value of 4.5 and
maintaining the pH close ro this value as possible as
during the el€ctrolysis by adding NaHCOr.

Time of electrolysis
The effect of€lect.olysis time on the pe.cent ofpowder

less lhan (l06pm), cunent efficiency and yietd are given
i n  F i e .  I  I - 1 3 .

These figures show thar each ot weight percent of
powder less dran i06 Btn, current efllciency and yield
decrease wirh increasing the rime. This js because of the
increasing in the effective area of fie cathoa€ as nne

3 o !  u n  c h q k | . o i . t d q '  {  l . n , )

Fig. 9 Effect ofsodium chloride concentration on lhe
cuffent efflciency

Sodiun chloridc Conccnlnrjon Puriry ofiron powdcr

han
t i s

r i n

and

: 0g
1 T
j

&

+ " *

l i s Fig. l0 Effect ofsodium chloride concentration on ihe
yield

Table I Effect ofsodium chloride concentration on the
puriry of i ron powder

irm d.3drerli! lhr)

Fig. I I Effect of time ofelectrolysis on the weight
percent ofpowder less than 106 Fm

n h . d n r f t y j ! F 4

Fig. 12 Effecl of time ofelectrolysis on lhe curent
efiiciency

(gmn) t%)

5 0
75
l t 0
r 5 0

8 6  t 4
95.?8
9 9 . l 4
99.48
99.52

3

Effect of pH

Table 2 shows rhe effect of pFI on the percent of
powder Iess ran I06[m, cu]renr €lficiency and yield
respectively at !hree values ofpH.

It is cleared that any iocreasing in pH vahre leads to
incr€asing the percent of iron polyder less than l06lLnr
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Llect rcb,t i c ptcpant t.n af i, o, p^"t"t:!!:t!!tl:jt:4:!!!l!fu1

l able 2 Effect of PH on the pcrcen! ofiron powdcr less lhan l06pn]

crdtt tlltcttnL) ar'l )ElJ nerc at .Etd d{6N aJ' , : ;  
;  , ; ; '  

- t r ; i " "  

" ' ,1 '  
ta t r "  pe 'Ld !  h  t  n 'L r l t t t t  a t  o '  2 )  r0 ' '

Cvrc nt eJric iency ("/a)

eftlciency is lowered Accordingly. it h no1 preferred 10

operate at t inrc.  high€f than 2 hI.  Sincc the curcnt

efljciency lowered than 60%, fiom technical standpornt'

the powder must bc removed periodically after I hr to

insure high pelcent of powder less than 106[m a!

reasonable current €ffi oiencY

The prefefred condli ions

The DrefeLred conditions for pfeparing iron polvder

oireoly I .  po$deD folnr are surnnrsr i /ed i r  Table 3
wherc d cornprr i .orr  wiLl  ( \c indlsLf idl  conditron( forI |e
pfoduction of ilon powdcr as a compact deposits are

included.
Il can be s€en that the weight percent of iron powder

less than I06!m in lhe prcparation as a powdery form is

hiqhe. than thal obtained as a conpact deposits, although

th; cu cnt efllciency is relalively lower' This mav be

result from thc curent density used in the plesent wolk

which is four l ime highcr lhan the industr ial  val  e leading

to increasing the prodLrction rrtc (vield) of iron powdef

havnlg pa ic le sizc less than l06l

Perce ol nar Poider (Y")

Fig. l3 Dffect oIlime ofclectrolysis on $e yield

incrcases, so the curren! densiLy will be lowercd 'tne

instanlaneous cufrent cfficicncy at the bcginnnrg ls lowcr

than thal at  thc end, howevcr,  thc accumulaLive currenl

'fable 3 Conrpa.isor betwecn lhe present work and industrialconditions

2.4
4 . 5

47.35
r 8 1 3
t 0  2 0

52.65
8 1 . 8 7
89.80

8 6 1 5
60.50
50.36

0.0899
0.0610
0 0522

t9.56
9 9 . t 4
96.31

Cutrcnt dcnsity (A/cm:)

Cuncf rdcisir)( A/cn]'])
f{rcus ion conccn(raiion (8ntl)
Sodiunr chloridc coDcenlation(gn/l)

Ccl l !o l tage(voLt)
pll
Cunent efficicncY (%)
Weiehl ptrccnr ofpanicle sizc lcss than l06Pm (%)

Avcr.gc parliclc sizc(lm )
Yie ld (e cm' .ht  )
Sp.cifi c s!fface arc(cm"/8m)

pksenl \|.rk Oovdery .lePa!its)

Staidcss stccl
0 . 1

Iron (99.9%)

t 2
75

25-10
3 2
4.5
1 l

89.7
15

0.074
218 X 10r

324

htdustriatI)t Can pact depasils)

Iron (99 9%)
0.a21

lroi  (99.9%)
a 02'7

50

50
2.5
4 . 5
90
78
6l

0.0233
452 X l0r

2.56

56

Apparent densily(8m/crr' )
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Conclusions
The electrodeposition of iron powder with padjcle size

Iess than 106 pm directly in powdery form can be
achieved by an electrocbemical cell consisring ofcathode
made of stajnless steel and anode made of iron (99.9%)
and appl l i rg rhe fol lo$ ng ope,ar ing Lojrdir ionj

. cathode current deDsiry 0.1 A/cm,

. Fenous ion concentration 12 gnlu

. Sodium chloride concenkation 75gm/l

.  pH 4.5

. Time ofelectrolysis per batch I hr

. Temperature 25-30.C

It was found that the powder obtained accororng ro
abov€ conditions has a weight percenr ofpaflicle size less
lhan 106!nt c.ose to aood and in averale panicle \ ize
?5 um wnh a producrion rale rhree t i ;e hibher lhJn
obtained in the preparation as a cornpact deposits
(industrial). 

, Th is result is a promoring step for the
economy ot tbe present work, if we considered th€
additional step of milling requhed in the production as a
compact deposit, and the cheap ofelectrical en€rgy rn m€
case of.the energy producing countries (petroleum
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