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Abslroal
Elccltotlcposilion is a carlidalc oE hod fa. producing Jifie

anil pare apper po*der, ttthieh have a *idz range of uses th
d,flepnt f@tds svch as ir, applieaiorr$ of aeruspoee' atolric edew,
deI?Bse, elecrroni$, poitfrs. plaslics, .uding took, ...etc-

This teorh Iocusing on studying tonc workirrg voriables

such ts *rkege, Empetufitre, co?qet sa$au corcen,aotiarr, sulfuric
acid coatent tion, cire$Iati6t, ,elocily arrl ladotiae addition on

frreness arrd producebilir! of dqmsited appet po*der.
Optimn i eon li iaxs concluded for copPer Imtcltal fneress

vee a, (r.6V, 30'C' 259/ L of copp.r shltate, l50g/ L ol suwne
ncid totl circr.futiox telocitf of 19 rpm, Addilion of A075e of
lanoline irr$edse lhe frnerress of depo*ed copper powdcr' bul did
,rot {rffect *orty ,he dendriric shape o/ depositcd Porticles.
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' .iSl, t;ry t , . ,,);j!.J6t!t 'UJ'4 itn ia2'1 Aa. }st ;ab
ttt-r; .lt a,tt-:,,1- LAtt i*.* iJ F "'vo iiLA il i)Jll 4i#
3 iut lZ).tl ,J tJt/ri ,i. iti' Jsr '.uiJt iJE 't Le:

.+-*l ,* &D--t tr+'il Jrl! -g''

l- Introduction addirion of colloids' Iorv
----=ffi-oo*d"r. 

"on 
b. leolPfialu'e, high vis(osiD and

n.oar"ed^ Ur ;lectrodeposition circulalion of electrolye to

[o* * **o* sol,ruion" and avoid and suppress convection'

i""a *r,-i rr* me&od is a The crystallige

;;;J adaptatiot of elecro!)'tic powde$ deposited

.i.#J"ring, *i't. le.tniqu" It are generall] Lharacterized..b)

mrinlv mlDloyed for lhe thcir dendflle' or tern llke

.n-#..i"t o*iu",lon of..or shape of Io$ apparent densir'v

"".r,i*. *af, as copp.r' and flou rale favomble for

[.*tti.rrrr. iron, ,;n". 
' ,in pressiflg due to the lendmc) for

ii"i.i.- ."atirr, uri,nony. indjv;dual patlicles lo 
'eadily

silver and lesd Such a process ilterlock'

,,mri,les a hieh desie€ ofpuriD the prrticle size is

I'."irorr ."orp.iit,rirv -a LeIgel) dependent oo rhe

.i"t"l- 
-"Uil;,t 'for pioduced conditions oblained during

;;.;".. drPosiiion The los 'Pecific'' _- _Hn*.n.. 
dranbacks in gavir) of these pou ders i'

such techniquc include. lime greallv improled by subsequenl

;rri"; ' bigh c.-rsl of heal tteatmeol and g nding'

o,r*a.ii - au"" ,o to" copper po\rder is

Lar.iiri,, of the process and produced commercially on

[iJ "**,ire 
cosl. So. large scalE b] electro

.i."i'"r*l;. io*de.. are deposinon at *hich the

;;;i;r;d *i lbr rhe electlotvte emploved t copp€r

"."i"i 
i- "f irnportao, p*t sulphate and sulfuric acid fhe

it. conairions favoring $e coppcr conccntration has a

,-ar.Uon on a catbo-de ol conslderable elfect on calhode

iooa." .".ilv removable and current efficienc)' appareot

Irfr*i"tf., '*" high "u...n, 
densily and paflicle size of thc

densiS. Iow melal - ion Powder'

concentmhon, high acidit).
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Cflrde copper is r:sed as

the anode matErial and

foBation of spongY dePosit of
copper takgs Place which
adheres oaly loosely to tlte
ca&ode [1, 2. 3, 4].

Ow study conceil in
fabrioation of copper Po\Yder,
b€cause olits lvide aPplicetions
fhnt covere alitomotive
applicatio s, aerosPace, atomic

eneagy, self deaence, Pharntrcy
and chemicaj irdusties,
electroric indusl,nes,

petrochemical industries,
paints, plastics induslries a.d
cutting tools [5,6, 7].

This work foclses o:!
sandyiog lhe effect of some

variabies like (eletfo -
potential, lempemtwe,

produeebility of
elect odeposited coPper

Powde..

2. Ex9efi mengl Prsedurel
2. t. M{t€rial PieBAratiotr ! _

Tlc electrol]'te used irr

this stud,v $'as based oa the

bath mixaure of .tomi,lal
comiosition of CirSO..sHrO,
con;entfare H]SO., distilled
*4ter (fo. electrolyle
plepamtion and Po!!'der
*asting) [8]. Also, Na?CO3 ard
C:lljNaor r*ere used for
powder \tuashing [9].

Additiles, such as

Na:SO and l*roline (CIH,.oO)'
\r,ere ex.inin€d for their effect
on powder fineness.

Table {ll explain the
puflB- of ,lateriais used ifl thit
study, also indicates &e PlriS
of ra\4- copper Plate thtt l]sed in

&is sludy *lich are lazed $ith
atndc abso.Ption.

conceotration of coppel
sulphate alld sulfu.ic aeid.

eleatrol]'le ciaculedon,
connection mo&l. and

additives). on the fines a$d

nste*ds,

2, 2. ElectrolYtie Cell
Preraration:-

A lessel mtde of PolY
vinyl ch:oide (PVC) with

dimensions of (42 " 15 " 20)

cm lo repaesena ihe electrclltic
cell- Anode 3nd cathode of th€

cell were made of crude and

pure ropper respectively \"ith

Trble, (l).
the Cbedicrl restlh oI the p.itn€ used

crlodr

9rY. 98vr vlr/l 9e1% 98.8% 9.52% g9y.
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dimensior of (10 x 14 x 0-9)

cm [4, 8, 10]-
Bipolar !o ne{tion

were used in this studY wiich
after gettiog lhe oPtiloal
condition for producebiliry and

finetress of copper powder it is

compared to Betts conBedlon.
The i:nmeBed arcas of anode

were (lox l2)c83.

2 3- Merssrements:-
The calculatio €tes of

copper powder deposilion lvere
based or fa8days laws (I & I)
as follows [8,9, loh
N=ME (t)
Wlere
N : equiYaleDt weight of the
elcrrent (g)
M -ato!tric usighr (g).

Z = equivale.t No.
g=tM/FZ A)

I = ?assed cr:rTent (A).
g = msss of deposited (g).
Ivl = atomi€ *eichi (c).
t = time of at which the cdrent
passed.

F = faladay's constant (96500).

C=ltt (3)

Vhere
C = amouil of electricity
(coulomb).
I = passed curent (A).

h= c ft)
96500

Where: - h - faraday's No.
g = r,rr (5)

While th€ cxrre efliciency
was delermined bY th€
formul!:-

4= p/c {6)

1- currer$ efficiency.
P : practical depsited m8s.
g = thEoretical de?osi:Ed rnass.

The deposited powder
was characterized for sotne

Foperties. Tle particie shaPo

of deposiied powder was
exarr Ded by optical
microscope. While ils, srrface
are! aod particle size
disaibution was t6ted by using

[aser analyz€r [2r]. Apparent
densiry \!as
gccording to ihe
lormula []:-

w, lt,

" fi,

measured
tbllou'irg

where
Wr = weight oferlpty Aask (g).
W, = weight offlrled flask (g).

vn: volume ofpr*der (cm').
P. = Apparent density (g/ cm').

ldentift such
chatactetistics, Eill be $eri, to
evaluate the stage of Po\rder
compaction and sirtering-

the fineness of powder
was meatsured according to
powder &at passed tlro4h

i7)
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Anountof ptssed pottYler thro ehsia'Pl<53pn
%,Po\vder lineness -

total dntouw oJ dePosited Pnder

E!&,&-Icp!!ales)--!-eL:!.lsl'2!0i

sieve f<531, and iis percent

3- Results and discusrion:-
3. 1. Efiect of Voltase:-

Effect of voltage o.
frneress afld ptoduc€bili8 cf
copper powder, have bem
studied at anange of (0.4 - 1)

voL as shown in f€. (la & b).
Higher percent of

particles size of (< 53!m) was

70% at tolal voltage of (1 .6) V,
afld maximwu deposition of
(18) g. As total votage incre6se

the perceot of fine lartiole
decrease, this rclated to the
i0crease of electrochemical
voltage, makes the elecaoi,'te
safurated with ions which cause

the irfiease in the rate of
passed cliffert i.e. the
sepaBtion of copper ions will
be slronger enough to hit eacL
other, so pafticles wilt terd 10

agglomerate and their size will
increase I l, 12, l3l.

For the same reason i.e,

as voltage increase the
rcducibilit, ircrease because of
high pass of ourrenl ard :t wiil
reach maximum asount al lolal
vollage (4v), i.e. (69)gm wilh
17% of firc particles of (<
53pm).

3. 2. Efl€ct oftemoerafure:-

determined as follolvs:-

The effec: - of
temp€iatare on fineness and
prodocebitif/ of d€posit€d
copter powder by
electrodeposition, have beetr

studied at a rrnge of {20 - 50)

'C, as shown in fig, (2a & b).
Higlier percent of hne

particles size of (< 53Pm) vas
'73o/" zr a

tempeeture oi (30)"C, with
Darrirru.fl deposition of (20) g.

Then the mechaoism of
electrolyte conductivit
depends basicilly on the

exsistance of ions i, the
sofution, ald li.ough the taws

of elect oh/te dissociatioa it is
formd that an increase in
electlob,te solulion
lempemture, will tend the
electrolyle to dtsociate into
ions, which in turr, erill
inGease 1lle total amou$ of
elettrical carriers, rbat Fovide
higher condoctively, so thfi
flne copper padcles will
obtahed as tempentu.e laise
&om (20)t to (30) "C As
lenpe.atue laise higte! lhan
(30) .c, particle srze increase,

&is is dre to higher chemicol
and higher conductivitv of
electrolyte c€11, wbich resnlts ill
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higher curen! mte b€cause of
highly immig$lion oI ceil ions

that aesulted ftom electrollte
dissociation that 1ead5 lo
impjme:i of ions and fine
particles, causmg

apglomeration atrd lDcrease the

particle size [2, 12. ]4. l5l-
while rhe amou.nt oI

deposited coPPer Posr'del
increase as temPstatuac

ioclease up to (50) 'C. i.e. (26)

gm with 20% of fille Padicles
of t53Fn). This is due !o

highcr current rale Passing
through lhe cell

3. 3, Erf€t of CoDter Stuate
Concenh*iotr:-

Tte effecl of copPer

sulfate (CUSO{.5HrO)

colcentsation, have been

studied a't a range of (25 - 100)

g/L on the linerless and

producebility of coPPer Powder
deposition. As shoQn in 5g. (3a

& b).
The highest Percetrt of

fine particle size of {< 53}rm)

was 8370 at a concetlmtioE of
{25) g,{-, with a t:laximuin
depositioD of (165) g- As the

addition amol}nt of copper

sulfate inclease the PaIticle size

of deposited copper Powder on
cathode idcrease. This related
to the i[crease i1 coPpel sulgte
colcentration \*'hieh replesenls

the main consiitn fi of
elecuol)Ie. The exisl of much

coppet ions in the solutiot xril:
increase the impact between
thcse isns which in retum aause

agglomeration of deposited

pardctes of coPPer Po\ der on

c!!hode. so the Paflicle size will
ircrease [2, 12, 15].

while the .mol]nl cf
deposited powder will iicrease
as ihe cooaeahatron ol oopper

sulfale inqlase, and rcaches its

fiaxifturn amol}ff {26) g a: a
concenkatiorl of (100) glL of
CuSO4.5tlzO. vrith a fine
panicle size oi (< 53!,Irr) of 5olo

on\.
This is due to the an

increase i:r CuSO3'5HO
concenaiation, *hich will
inqease the cotductivify. Tius,
the pass crureat thrcugl the cell
will increase, raisilg the

ailolltl! oi deposited co!'Per
powder.

3. 4" f,ffe.t of Sutf{ric Aeid
CoIlcentrltiotr:-

The effect ol sulfiri.
acid GzSO.r) concenttation
haYe b€efl studied at . range of
(80 lEo) g,{, on the Sneress

and Produeebility of copper

po*de. dePosition as showrl iI]
fis.(aa & b).

As lhe (H:SO!)
concentratioll increase the

a*rcunt of fine Particles
inerease udtil it reaches a

maximum Percent of 8470 of (<

53irm) *ith a maximum
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dep$ition of (16)9 al a

concentration ol ltzsor of
(150)g/L- lLen as lhe

co.cenaation bcrease the
perce0t of f rmess decrease

The H:SOj added to
decrease thg ohrtic rcsistaflce

an improve the eleclrolYte

electical conductiviq [3, 13].

As H:SO4 coneenEa,ion

increase after 150 g/ L,
hydrogm rons in the_ soludon
nill incrEase causfig the

collision between tons, *luch
force the Particle ao

agglornerate. lhat result is a1t

increase in Particle stze of
deposited powder. Wl le the

amount ol copper lowder
deposition indease as the

H:SOa concenhation ircaease

al1d reaches a ma{mltm
amodnt of (21 5) g at (180)

sm/l- of H:SOr with a fine

iarticle size of (' 5lIm) of
ir,x. lt is found thai electricai

deposition depends on {PH) of
ete.lmMe solutioD. When (PH)

is high we have the followi.g
reaclioni

40H- )O, + 2HrO+ 4e

while at low (PH) we have the

follov{ing reactiod!

2H* + 2A -, H,

the cathade reactioas for
iydmgen ions affect the electro
deposjtion, where the .elease of
hydroge. with a mean veloeiiY
require an *rnounl ol cathode
reacliirr, so that the .eed€i
reaatlrif,, for delosfuion in t6he
case of hydrogea ions exisl
require a iigher polarization,
than in Ge case of iydrogen
iotrs absence, so that the
fineness of deposited copper
powder ircrease l,ntil we reacl
ihe coflcentratiorl of H:SO. of
1s0 gl L [9].

-l- 5- Efiect of CifliulrtioD
Veloaitv:-

The effect of
circulatio0 velocity on fineress
and produrebilit, of deposited

copper powder have been
studied al a mnge of (150
450) rpm .s sho.en irl fig.(5a &
b).

Lt's founq ihat as

circulalion velociry.-, inffease the
padcle size of dwosited
copper powder decre{se, atrd

the besl perceff of fine padicles
was 57% of {< 53!lln) at a
velocity of {150) rp4 with a

$aximum deposiliofl ol(21 ig.
Electrolr'le circldation

will inc.ease the mae of anodlc
dissolution ard electrocheEic€l
effect, i.e. remove &. ions that
cause polaiization which leads
to the in$ease in the .ate of
elechochemical deposition.

390
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As the ciiculation
lelocity increase, ions shoot
saill be sirooger because of the
fa6lcning of chemical rcaciions,
!./hich leads 10 Psrticles
collision and their
agglome.ation, so &e Particle
size will inc.ease.

Since the chemical
reactions fasteE at hiSher

velocities, asspciated with al
iflcrease i, the rale of Passed

current thrcugh the cell, so tie
deposiled amouffofcoP?er
porrder, will inqease, snd
rcaches a malimum amount of
(24)g at a velocity of (450) rpm
wiih (28.5 %) fioe Particles of

3, 6, E feca ot Ccnnetioa
Meti.d:.

Com!,tri6on t'et\Neen

bipols N4edrod series

connection and Beds method

(pao-allel cormection) alld their
.ff&i on fitreness 8nd

producebility of @osired
.oPPer Powd., have been

studied deP€nding on rhe

oDtimlnn cotrditioos concluded

from rhe letesr variables. ie'
(1.6v, lfC. 25stL of
CuSo".5HzO, l50g,t of H;SOa

and 150.frm) and as shown ir
table (2).

(< sr3pm).
B€tts tnethods.Table

Table (2) explai.s that
results alsost equal, bui we ca!
rccoElmend bipolar cormectiol
method, because of low cost i'e.
tro b.rsba6 are used, less

jurction points will reduce

curent Iosses and total
resistance of lie cell, *'hich
enharce the etrergy save. Also
al rhe case of shon cacuit cuts

fie eell stilt working [2,3, 18,

191.

3. 7. Eftct Lat}plilre
AddltioR:-

-Gi 
"r"* of latoline

(CrH;oo) addfiol on finefl€ss

and producebilily of deposifed

copDer po*der have been

studied at a ratrge of .(0-035 -
0. I )o/o as show in fig'(6a & b)'

The expeimenb were

dooe depenafiDg on the optimal
conditions thar corcl ded ftom

the studv ofla&st varial,les i.e'
(1.6V, 30.C, 2594' of
CuSO,.5H.O, 150e/L of H:SOr

Re$ults concluded and

RESULTIS OF
COMPARISON

BImL1R BEIAS

Anount of dcposiFd coppe. ai

Finmess % of(-s3!rn) 24 86
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and circulation velocit, af
15&pm).

It was found tll.t as

la.Dolioe addiiion ircfta:le fie
firreless of deposited @iper
powder increase, arrd reaches

94oZ ofpa ide size (< 53p$)
wi1l a maximnln deposition of
copper powdd of (21)g at
(0.075"/0) of lanoline additior-
T}len further iacrease in
laroline addition tili inqetse
the ps6icle size af deposited
powder.

This related tq that er
addilion of lanoline rnill
increase the o1llrber of
clustering centers *lat {ill
mlnnce lhe fotmation of fine
deposited particles, but at
highel amoult of lanoline
addition will produce much fine
padieles {high surface aEa), so,
rhe chance of eollision b6ween
particles will itcrease, ftsulting
ir thei. agglomeration,
associated by ao iacrease m
particles siz€ of deposited
copper po\rder [20, 2 I ].

The addition of
(0.035%) of ianoline will
provide higher atnount of
deposited copper, i,e. (26)9
wth 9l% fine paticles of {<
53pr). But fi:rther inctease in

laroline addition will derrease
the arrlord of deposited copPer
po,ader.

t l- Phvric.al fvdoatiott of
trl€{trodeoosited CoD3e.
Powderr
3, 8, 1. Particle Steoel.

Optical ildc$scoPe
re*Its in fi&(74 & b), shows a

dcndriaic particle shape of
copper Powder. Tlris may
related to that hY&ogen aray

discharged at lie calhodo, lorm
bubbles or dislolve ill dre meaal

add diffuse rhrough it, *hich
makes 6e composed Po\rder
layer brit(lg ard iregular [1.
221.

Are*
lase. analyzer syslern

.esuls, ill table (3) sbows
pantle size distribr*ion ol
copper powder, at which (80o/i)

of pfiicles vele smaller *aa
(20.65prn), i.e. trle precipitated
powder was firc, and tliis could
b€ athibuted ro the additio{t of
0a{otine)" tiat increase the

nucteus for ' qysaallizatio&

vrhich rc$rlts in 6ne ccPPcr

powder particles.

3. t. ,. Par-ticles Size

Distvibutiotr and Snrface
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'l'ible (3),explain the particle size distribltion of
deposiled condition.:rt aa

Fixed Perceat*ge
(y,l

Yolumes (lndea
size) l!m)

20 < 9,30
.*0 < 12.5,1

60 < 16.2

80 < 20.65

100 < 47.68

The suface ,rea
recorded by laser snaiyzer was
(3.4?)m%. That's reloted to the
6ne powder ard its dirtrilic
shap€-

3. 8. 3, Aooarent PorusltY:-
The meas{rred appared

porosity of copper powder $as
(l.i / )g/crn-. tbs resull rs

coiocide with the standard
range of po$ders produoed by
electrodeposition i.e. (0.5

4.)s./c1n'. TIis may related to the
sinsll size of copper powder
and because of irregular shape
i.e. (dendlritic).

4. Co{clusionr
1. Higtrcr percent of fine

depo6ifed copper powder ol
{< 53pm) are produced ai
(total voltagc 1.6V, 30PC,

259fi- of CuSO1.5H:O.
150s4- of H2SOJ and
cfuculation velocity of
150mm).

2. Higher amount of deposiled
copper powdcr ]pas

produced at (1.:a1 vollage
4V, 50'C, l00g/L of
CuSO1,5g?O, l80g/L of
H2SOa and cir.ulation
velocity of4sorpri.
Addido. of 0.015% of
lanoline increases lhe
particles fireness whil€
0.035% oa lanoline will
imrease t}e producetrilitl .

Variation of co!rcctioa
merhod i.e. (biprlar ard
Betls) has no obvio$ effect
on the fireness and

producebility of dcposited
copp€r porYder.

Chemical tnalysis shows

that ptllir)- of &Posiied
eopPer powder had

incrcased liom 96Yc ao

99.5oto.

Physical observations

slows, :hat 809; of
deposited copper po*dels
are sBaller tben (20.65t{t}},
also the deposited porvder

particles a.e of dintritic
shape.

3.

1.

5.
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Fig. (1). uflect ofvoltage on a) fuetress ard
b):producebility of deposited copper porder.
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