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The current distribution in an electrochemical cell. Part VII.
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A new method for the determination of the ability of an electrolyte to distrubute
uniformly current density in an electrochemical cell is proposed. It is based on the com-
parison of the current in cells in which the electrode edges touch the cell side walls with
the current in cells with different electrode edge — cell side wall distances. The effects of
cell geometry, process parameters and current density are discussed and illustrated using
the results presented in the previous papers from this series.

Keywords: metal electrodeposition, electrochemical cell, current distrubution.

INTRODUCTION

The ability of an electrolyte to provide a uniform current density distribution over
a cathode surface has been the subject of numerous investigations, resulting in a large
number of different criteria to determine it as the throwing power indexes of an electro-
plating bath.1-7

Two of these attempts were presented in this series.®~7 In both cases, however, the
obtained results were expressed by relations without clear physical meaning and gener-
ally included a comparison of the actual current density distribution to the current den-
sity distribution in the case of total Ohmic control, i.e., under conditions of primary cur-
rent distribution.

On the other hand, a method of current density distribution analysis based on the
current density — cell voltage curves, desccribed in our previous papers,$? permits a
more direct estimation of the ability of an electrolyte to distribute the current density
uniformly in cells with non-uniform geometry. This can be done by direct comparison
of the current density in cells with different interelectrode and different electrode edges
—side wall distances under different deposition conditions, as illustrated below, on the
basis of results from Refs. 8 and 9.
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EXPERIMENTAL

The cell with parallel plate electrodes used in this work was made of perspex and is shown in
Fig. 1. Side screens enabled the distance L between the edges of the electrodes and the side walls to be
varied. In addition, one of the front walls was also movable in order to enable different interelectrode
distances to be obtained. The electrodes were made of copper and had working dimensions 50 mm
x 50 mm. The back sides of the electrodes were insulated. The electrolyte was made from p.a. chemi-
cals and distilled water.
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é Fig. 1. The cell with parallel plate electrodes
400 used in this investigation.

The measurements were done using a steady-state technique.

The influence of the following variables on the j—U polarization curves was investigated:

— electrode edge-side wall distance (0 mm, 12 mm, 25 mm, 50 mm, 100 mm, 150 mm),

— interelectrode distance (20 mm, 50 mm, 100 mm, 150 mm),

— anode material (Cu or Pb),

— concentration of HySO4 (0.01 M, 0.1 M and 0.5 M H,SO4 containing 0.1 M CuSOy),

— concentration of CuSQOy4 (0.03 M, 0.1 M and 0.3 M CuSOy4 containing 0.1 M H,SOy),

— temperature (20 °C and 40 °C) and

— stirring.

Typical obtained current density — cell voltage dependencies are schematically presented in Fig. 2.

L>0
J
R L=0 -
-
I
~ Fig. 2. A typical current density — cell voltage
U dependence for L =0 and L > 0.

The dimensionless variables used in this work were extracted from them as the ratios ji ~o//L=o
and ji —o/jL, which permit a comparison of the current density distribution in different cells under dif-
ferent conditions.

RESULTS AND DISCUSSION

The effect of the interelectrode distance on the ability of the electrolyte to uni-
formly distribute the current density can be illustrated by plotting the ratios of the cur-
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Fig. 3. The ji —150/j1—0 ratio in the cell Cul0.1 M CuSOy, 0.1 M H,SO4|Cu with electrode edges —
cell side wall distance L = 150 mm for different interelectrode distances a) /=20 mm, b) / = 50
mm, ¢) /=100 mm and d) /= 150 mm, as a function of the current density in a cell with L = 0, nor-
malized relative to the limiting diffusion current density. Data from Figs. 4-7, Ref. 8.

rent density in cells with different interelectrode distance / (20, 50, 100 and 150 mm)
and electrode edge — cell side wall distance L = 150 mm to the current density in cells
with the same / values and L = 0 as a function of the current density in cells with L =0,
normalized to the limiting diffusion current density, as shown in Fig. 3.
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Fig. 4. The ji /ji - ratio in the cell Cul0.1 M CuSOy, 0.1 M H,SO4/Cu with electrode distance / =
150 mm for different electrode edge — cell side wall distances a) L = 12.5 mm, b) L =25 mm, ¢) L
=50 mm and d) L = 100 mm, e) L = 150 mm, as a function of the current density in a cell with L =
0, normalized relative to the limiting diffusion current density. Data from Fig. 7, Ref. 8.
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Fig. 5. The ji —150//1—0 ratio in the cell with interelectrode distance / = 150 mm and the electrode
edges — cell side wall distances L = 150 mm for a) Cu|0.1 M CuSQy, 0.1 M H,SO4|Cu, =20 °C;
b) Cuj0.03 M CuSOy, 0.1 M HySO4|Cu, =20 °C; c) Cul0.1 M CuSOy, 0.5 M H,SO4/Cu, ¢=20

°C; d) Cul0.1 M CuSOy, HySO4|Pb, =20 °C; e) Cu|0.1 M CuSOy4, H,SO4|Cu, ¢=40 °C; Data

from Figs. 3 and 7, Ref. 8 and 2,4 and 8, Ref 9.

The same plots, but for / = 150 mm and different L values is shown in Fig. 4.

Obviously, the larger the current density ratio, the lower is the ability of an elec-
trolyte to distribute homogeneously the current in the cell.

Hence, an increase of the interelectrode distance leads to a worsening of the current
density distribution, as does an increase of the electrode edges — cell side wall distance.

The effects of the supporting electrolyte concentration, depositing ion concentra-
tion, lead anode and the temperature on the ability of an elecrolyte to homogeneously
distribute the current density are illustrated by Fig. 5.

Increasing the reaction ion concentration, the stirring rate and decreasing the sup-
porting ion concentration lead to complete Ohmic control and the polarization curves
lose their "S" shape and become straight lines, meaning full Ohmic control, as can be
seen from Figs. 3, 5 and 6 in Ref. 9. In all other cases, diffusion control becomes domi-
nant al large cell voltages,3-° which leads to a uniform current density distribution.

All the above facts can be explained by discussing L’, the depth of current line
penetration between the electrode edges and cell side wall. It was shown!0:1! that

2 J2

2 a7 )

for / <2A and A instead /2 in Eq. (1) fol / >2A. Obviously, Eq. (1) is valid if
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where L is the electrode edges — cell side wall distance. If L = 150 mm, condition (2)
is satisfied and L’ from Eq. (1) should be used in Eq. (3).
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Uin the above relations represents the cell voltage, n, and 1 the anodic and cath-
odic overpotentials, respectively, / the interelectrode distance, p the resistivity of the so-
lution, 4 the electrode width and j the current density.

For one and the same current density in the cell, the electrochemical part of the
cell voltage does not depend on the interelectrode distance, but the Ohmic drop in a ho-
mogeneous field is strongly dependent on it, which leads to an increase of L’ with in-
creasing /. This produces a decrease in the cell voltage at a fixed current density, be-
cause of the decrease of the overall Ohmic resistance. Hence, at a fixed cell voltage, the
increase of L will produce an increase of the current density relative to the cell with L =
0 for the same / and hence a worse current density distribution. The effect will be the
same with increasing L at / = 150 mm, if condition (2) is not satisfied.

In a similar way, in cells with the same /=150 mm and L = 150 mm, L’ will de-
pend on the fraction of Ohmic drop p/j in the cell voltage. Ata value of fixed /, the prod-
uct plj increases faster with increasing j than the electrochemical part of the cell voltage.
Hence, increasing the depositing ion concentration and the stirring rate decreases the
ability of the electrolyte to distribute the current density uniformly, as does decreasing
the supporting electrolyte concentration. Increasing the Tafel slopes and, probably, de-
creasing the exchange current densities will improve the current distribution.

Obviously, diffusion control of the deposition process produces a uniform distri-
bution of current density.

Changing the temperature also produces a significant effect, because the decrease
of p is larger than the increase of j with increasing temperature.

As was shown in previous papers,10:11 polarization curves can be easily calcu-
lated using the data from simple polarization measurements. Hence, the current density
distribution in cells with plane parallel electrodes can be calculated without experimen-
tal determination.

The above conclusions are derived from the results presented in Refs. 8 and 9. It
should be noted that in plotting the dependencies in Figs. 2—4 it was assumed that the
limiting current density of the deposited ions is always the same even in the situations
when dendritic growth or hydrogen evolution take place and that the measured current
density is larger than the limiting diffusion one, as is the case when /=150 mm and L =
150 mm, for example.

In this way the possibilities of the method developed in this series of papers are
clearly demonstrated.
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PACITIOAEIIA CTPYJE Y EJIEKTPOXEMMWJCKOJ hEJININ. JEO VII.
3AKJbYYHE HATIOMEHE

K. . IOMOB!, C. M. MIEWWFR? u I1. M. KUBKOBUR'

lTexnwzomlco—Memaﬂymeu paryaiuein, Yrusepauitiewi y Beozpaoy, i. up. 35-03, Kaprezujesa 4, 11001 Beozpao u
°EH-Ulitiamniiana koaa o. 0., @abpuxa witianiianux koaa, bya. Llapa Koncitianitiuna 80-84, 18000 Huwt

ITpepnoxeH je HOBU MeTO[| 3a oApebuBame CIOCOGHOCTU €JIEKTPONIUTA 3a PaBHO-
MEpHY paclojielly cTpyje y eJeKTpoxeMmujckoj henuju. Merop je 3acHOBaH Ha nopebemy
TyCTHHE CTpyje y henmju y K0joj eleKTposie TOANPYjy 3UAOBe Cy/a, ca TYCTHHOM CTpyje Y
henuju ca MPOMEHJBMBHM pacTOjaleM 3WOBa Cy[a Off MBHUIEC €IeKTpoje. Y TUIAju reo-
MeTrpuje henuje, mapameTapa Ipoleca U IyCTUHE CTpPyje pa3MaTpaHU Cy M MIYCTPOBaHU
Kopucrehu pe3yiTrare gaTe y IPeTXOAHUM PaoOBUMa U3 OBE cepuje.

(pumsbeno 25. jyna, pesuaupano 1. HoBemGpa 2001)
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