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Abstract: The current efficiency during the cathodic period of reversing current in copper
powder deposition was determined by measuring the quantity of hydrogen evolved. The dia-
grams from which the instantaneous and average current efficiencies for copper deposition
can be extracted for any deposition time up to 30 min are given. A procedure for the calcula-
tion of the overall current efficiency is proposed.
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INTRODUCTION

The current efficiency in copper powder electrodeposition is a very important param-
eter from the energetic point of view, as well as from the point of view of the powder depo-
sition rate. In general, it is known that the current efficiency in copper electrodeposition de-
creases with increasing deposition current density, concentration of sulphuric acid and in-
creases with increasing copper concentration, electrolyte solution flow rate and tempera-
ture.13 Data concerning powder electrodeposition in the reversing current regime is not
available in the literature at this moment. It is obvious that the number of possible reversing
current powder deposition regimes is very large and that it is impossible to measure the
current efficiency for each of them in a classical way.

Some powders are very active and react with the electrolyte as soon as they are formed. It
is recommended that they be removed from the bath and dried as soon as possible. Clean ox-
ide-free copper surfaces have a strong tendency to oxidize, especially when exposed to air or
high relative humidity. Copper powders have a high chemical activity because of their large
surface area and a readily react with oxygen in the air either to form surface oxides or to burn
spontaneously. This is because the surface of a copper powder undergoes oxidation in air which

# Serbian Chemical Society active member.

649



650 PAVLOVIC, NIKOLIC and POPOV

can cause errors in the determination of the powder mass.*10 Hence, it seems that it would be
much better to determine the current efficiency in copper powder electrodeposition by measur-
ing the volume of hydrogen evolved as described earlier.!!

The aim of this work was to develop a method which would permit the determination
of the current efficiency in copper powder electrodeposition by a reversing current using
the results of a small number of experiments.

EXPERIMENTAL

The copper powder electrodeposition was carried out galvanostatically at room temperature on a stationary
platinum wire electrode from an electrolyte containing 15 g/dm? copper and 140 g/dm? sulphuric acid. In all cases
the electrode surface area was 0.63 cm?. The deposition time was 30 min. The hydrogen evolved was measured in
a cell provided with a marked burette, and results are given in N cm?. The currents in the galvanostatic deposition
were the average amplitude values of the current during the reversing current deposition.

The powder was removed from the cathode, washed in destilled water, dried under a purified nitrogen
atmosphere and then weighed.

The measurements were made at the following current densities: 771, 1028, 1285, 1542, 1800, 2400,
3000 and 3600 A/m?.

The electrolyte was prepared from p.a. chemicals and demineralized water.
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Fig. 1. The volume of hydrogen evolved as function of time and the determination of dV/dz.

The instantaneous current efficiency of the copper powders was determined according to a literature pro-
cedure!! in the following way: the volume of evolved hydrogen was measured after different times of copper
electrolysis and the dependence of the volume of evolved hydrogen on time was plotted, as shown in Fig. 1.

From such diagrams, the overall and instantaneous current effciencies can be calculated in the following
manner: the slopes dV/df (=) (cm?/h) were evaluated and the instantaneous current efficiencies of the evolved
hydrogen #; (H,) were determined according to Eq. (1):

dr 1

dr
 (H) :[qu 100, in (%) (1)



COPPER POWDER DEPOSITION 65 1

and the instantaneous current efficiencies for the electrodeposition of copper powders,
11 (Cu) according to Eq. (2)

11 (Cy) =100 —n1(Hy), in (%) ()
where: V' — volume of evolved hydrogen, / — current, ¢ — time, and
V cm’ 3
H)="__(=
w (Hp) = ) D

The average current efficiencies were determined in the following way: the volume of
evolved hydrogen is given by Eq. (4):

Vi, = (Hp) Iy, t )

and

Vu
Iy, :u(T;)z (4a)
The current / will be:

I=Icy+ I, (5)

iLe.,
Icu=1-1, (52)

Then, the average current efficiency for the electrodeposition of copper powder,
Niav (Cu) will be:

Niay (Cu) = I‘;‘lloo, in (%) (6)

For instance: j=771 A/m?=0.0771 A/lem? = [=0.0771 A/cm?2-0.80 cm?=0.0620 A.

Determination of the instantaneous current efficiency
—Fort=5minand V'=0.15 cm3, dV/dz= 1.6 cm3/h

y _22400em’ _ o om?

M) = = esan - 8
LN 1.6cm3h~! %
dr upy, 418 cm® Ah~
niHy)= 100 = 100 % =6.20 %
1 0.0620 A

7i(Cu) = 100 —17;(Hy) = 100 — 6.20 % =93.8 %
j=IS=1=jS
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Determination of the average current efficiency:

1% 0.15cm>
Hy om ~0.0043 A=4.30 mA

“u(Hy)-t 418 em3 Ah~'-0.0833h

[Hz

Icu=1- I, =0.0620 A—0.0043 A=0.057 A

I 0.0057
o (Cu) =21 100=""C 100 % = 93.0 %
Tiay (W) == 0.0620 ’ ’

RESULTS AND DISCUSSION

The experimental results are given in Table 1. Using these data it is possible to obtain
diagrams like those shown in Figs. 1 and 2.
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Fig. 2. The dependence of ;(Cu), 17;(H,) — ¢ for the electrodeposition of copper powder at 771 A/m?.

In Fig. 2, the dependence of 1 (Cu), 71 (H,) — ¢ for electrodeposition of copper powder
at 771 A/m? is shown. It is to be noted that from such diagrams the current efficiency (aver-
age and instantaneous) can be determined for each deposition time between 0 and 30 min.
It can be seen that the current efficiency for copper powder deposition increases with in-
creasing deposition time, which is in accordance with literature data. This is because the
real copper surface increases with increasing deposition time under galvanostatic condi-
tions, 12 resulting in a decrease of the real current density.
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TABLE I. Current efficiencies for copper powder deposition and the volume of hydrogen evolved at different
constant current densities on a platinum electrode as a function of time

a)j =771 A/m?

t/min t/h V(Hy)/em? dV/ddem® bl (H)% 5 (Cu)% 17, (Cw)/%
5 0.083 0.15 1.6 6.2 93.8 93.0
10 0.167 0.25 0.80 3.1 96.9 94.2
15 0.250 0.30 0.60 23 97.7 95.3
20 0.333 040 0.59 23 97.7 95.3
25 0.417 0.40 0.61 23 97.7 96.3
30 0.500 0.45 0.45 1.7 98.3 96.5
b) j = 1028 A/m?
5 0.083 0.15 1.85 5.4 94.6 94.8
10 0.167 0.30 1.85 54 94.6 94.8
15 0.250 0.50 1.8 52 94.8 94.2
20 0.333 0.60 13 38 96.2 94.8
25 0.417 0.70 12 3.5 96.5 95.1
30 0.500 0.80 0.91 2.6 97.4 95.3
c)j= 1285 A/m?
5 0.083 0.38 43 10.0 90.0 89.4
10 0.167 0.70 3.7 8.6 91.4 90.2
15 0.250 1.00 3.62 8.4 91.6 90.7
20 0.333 122 2.70 6.3 93.7 91.5
25 0.417 1.45 222 52 94.8 91.9
30 0.500 1.60 2.11 49 95.1 92.6
d)j= 1542 A/m?
5 0.083 0.42 53 10.3 89.7 88.4
10 0.167 1.00 6.1 11.8 88.2 88.4
15 0.250 1.40 4.6 8.9 91.1 89.1
20 0.333 1.75 42 8.1 91.9 89.8
25 0.417 2.10 3.7 72 92.8 90.2
30 0.500 2.40 34 6.6 93.4 90.7
e)j = 1800 A/m?
5 0.083 0.75 8.32 13.8 86.2 85.0
10 0.167 1.40 7.47 12.4 87.6 86.1
15 0.250 2.20 7.78 12.9 87.1 85.4
20 0.333 2.70 7.13 11.8 88.2 86.5
25 0.417 3.20 5.61 9.3 90.7 87.3

30 0.500 3.70 5.43 9.0 91.0 87.7
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TABLE 1. Continued
f) j = 2400 A/m>

t/min t/h VHy/lem? dV/dtem® ! n;(H)/%  m;(Cw)/% My (Cu)/%
5 0.083 1.10 12.9 16 84 83.5
10 0.167 2.10 12.3 15.2 84.8 84.3
15 0.250 3.15 12.0 14.9 85.1 84.3
20 0.333 4.10 11.65 14.4 85.6 84.7
25 0.417 5.00 10.2 12.6 87.4 85.1
30 0.500 5.80 9.5 11.8 88.2 85.5
g)j = 3000 A/m?
5 0.083 1.50 18.2 18.1 81.9 82.1
10 0.167 3.10 17.6 17.5 82.5 81.5
15 0.250 4.45 16.2 16.1 83.9 82.3
20 0.333 5.80 15.2 15.1 84.9 82.6
25 0.417 7.0 14.0 13.9 86.1 83.3
30 0.500 8.15 12.9 12.8 87.2 83.7
h) j = 3600 A/m?
5 0.083 22 26.5 22.0 78.0 78.1
10 0.167 4.1 22.0 183 81.7 79.6
15 0.250 55 20.0 16.6 83.4 81.7
20 0.333 7.0 18.9 15.7 84.3 82.5
25 0.417 8.6 153 12.7 87.3 82.9
30 0.500 10.2 16.3 13.5 86.5 83.1

It is known that the average current density in RC metal electrodeposition is given by:

Jay= Jole = Jala

Y gty M
where j; and j,, and #. and #, represent the cathodic and anodic current densities and cath-
odic and anodic times, respectively. Equation (7) is valid if both the anodic and cathodic
current efficiencies are equal to 1 (which means 100 % efficiency). This is practically the
case in copper plating by RC from sulphate acid baths. In copper powder electrodeposition
by RC, as can be seen from Table 1, the cathodic current efficiency is less than 1. Assuming
the anodic current efficiency is still equal 1, Eq. (7) can be rewritten in the form:

Lk :jctcni,c _jata

Jav T ()

where j*,, is the effective average current density and 77 ic the cathodic current efficiency.
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Assuming that
Je=Ja=JA
where j is the RC amplitude current density and
il
tC

Equations (7) and (8) can then be rewritten in the forms:

jav:jAl_r
1+ r
and
L . Nie T
Jav =JA
1+r

It follows from Egs. (11) and (12) that:

*
Jay _Mie ™7

Jav 1+r
or
Mie—r
NiRC=
1 _
because
. *
_J
NirRc="2-
av
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(10)

(11)

(12)

(13)

(14)

(15)

In this way, the overall current efficiency in RC copper powder electrodeposition can
be calculated. It is to be noted that from the diagrams constructed using the data from Table
L, the current efficiency for eight amplitude currents and any cathodic deposition time be-
tween 0 and 30 min and any anodic time can be obtained. Obviously, for other amplitude
currents 771 (A/m?2) <j < 3600 (A/m?), the current efficiencies can be estimated by inter-

polation.
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n3BOJN

NCKOPUITREILE CTPYJE 3A BPEME KATOJHOT ITEPMUOJA PEBEPCHE CTPYJE
ITPU TAJIOXEBY BAKAPHOTI ITPAXA 1 YKYITHO UICKOPUIITRHELE CTPYJE

M.T. TIABJIOBUE !, H. 1. HUKOIWR! n K. 1. TONoB2

1 HUXTM - Lenitiap 3a eaexitipoxemujy, bezowesa 12, 11000 Beozpao u 2 TexHOAOUKO-METUANYPUIKU PaAKYATTel
Ynuusepsuiueitia y Beozpaoy, Kapnezujesa 4, 11000 Beozpao, Cp6uja u Llpna ['opa

OpnpebuBano je uckopuitheme cTpyje 3a BpeMe KaTOJHOI IEepUojja PEBEpCHE CTpyje Npu
TajoXewy OakapHOI Ipaxa, MepemheM KOJIMYMHE W3/IBOJeHOT BOJOHMKA. [laTu cy aujarpamu u3
KOJUX MOTy OMTH U3paudyHaTa TPEHyTHA U CPefitba UcKopullthea CTpyje 3a TaloXKeme OakapHOr
npaxa, 3a 6uI10 Koje BpeMe Tanoxewa o 30 MunyTa. IIpefinoxKeH je nocTynaxk npopadyHa yKYIHOr
WCKOpHIIThema CTpyje.

(ITpumsbeno 14. heGpyapa 2003)
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