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SHORT COMMUNICATION
The current distribution in an electrochemical cell. Part V.
The determination of the depth of the current line penetration
between the edges of the electrodes and the side walls of the cell
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A method for the calculation of the depth of the current line penetration between
the edges of the electrodes and the side walls of the cell in a cell with plane parallel
clectrode arrangement is proposed. The method is verified by the calculation of the
polarization curves for the cells in which the electrode edges do not touch the side walls
of the cell. The agreement between the calculated and the measured values was fair.
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It was shown earlier! that the current density-cell voltage relationship for cells
with plane parallel electrodes, in which the electrode edges do not touch the side
walls of the cell, is given by

U=Ur+ha—hc+r2!—JLA nL1+2AL+ (1)
where U s the cell voltage, Uy is the reversible cell voltage, h, and he are the anodic
and cathodic overpotentials, respectively, I is the resistivity of the electrolyte, 4 is
the length of the electrode, [ is the distance between the electrodes, L is the depth
of current line penetration between the edges of electrodes and the side walls of the
cell andj is the current density, assuming a homogeneous current distribution over
all the electrode, except the very edge. On the other hand, hy and h¢ are given by

ha = balog (i/jo,a) (2
and
i j 3
he=—belog - b )
goe JL-

where b, and b, are the anodic and cathodic Tafel slopes, j , and i are the exchange
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current densities for the anodic and cathodic processes and j; is the limiting diffusion
current for the cathodic process.

As was shown earlier,2 Eq. (1) is valid when
0<L £ Lmax C))
where

Lmax = 2

()
A method for the calculation of L was given recently,? but with the unrealistic
assumption that the maximum length of the current line between the edges of the

electrodes /” is ¥. Following the same procedure, but taking into account that the
maximum value of ” is / 2, which is in accordance with Eq. (5), one obtaines

2 1/2
| D hy- he+rlj [7] 6)

LZEGE—“Z - loe

Gha-he+ 1l &8

o t )
It can easily be shown that L = 0 when
ha—he>>rlj (7
and when

ha—he <<rlj ®

L=1/2, which is equal to Eq. (5).

This means that in the case of total ohmic control the current line penetration
into the solution is maximum and that in the case of total electrochemical control it
is not present.

Substitution of L from Eq. (6) into Eq. (1) permits the calculation of the
polarization curve for L > 0, if the distance between the electrode edges and the side
wall is equal to or larger than L 4.

Obviously, L from Eq. (6) will be substituted into Eq. (1) if
L'>L C)
where L’ is the electrode edges-side wall distance. If
L’<L (10)

the L’ value should be substituted into Eq. (1). The equation of the polarization curve
for L =0 is obviously

U=U;+ha—he+rlj (11)
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As was shown in the previous paper in this series, the system Cu|0.1 M CuSQy,
0.1 M HSO4|Cu can be described by b,=40 mV dec!, 5.=120 mV dec™!, jp=1 mA
cm2 and r =17 Wem. Also the system Cul0.1 M CuSQOy, 0.1M H,SO4|PbO, can be
described by b,=120 mV dec! and jj(0;2)=2- 10* mA cm2 and U=1.1 V if the
kinetic parameters for copper deposition are the same as in the previous case.
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Fig. 1. The current density-cell
voltage dependences of the sys-
tem Cul0.1 M CuSO4, 0.1 M
H2SO4|Cu with an interelectrode
distance / = 20 mm for the dis-
tances between the edges of the
electrodes and the side wall L=0
and L=150 mm. The calculation
was done using Egs. (1), (6) and
(11).

The polarization curves for 0 < L < L’ (normalized to the polarization curves
for L = 0, obtained from Figs. 4—7 and Figs. 12 and 13, Ref. 2) and for L’< L
(normalized to the polarization curves for L = 0, obtained from Figs. 7 and 13, Ref.
2), calculated from Egs. (1), (6) and (11), are presented in Figs. 1-6. The agreement
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Fig.2. The current density-cell volt-
age dependences of the system
Cul0.1 M CuSO4,0.1 M H2SO4|Cu
with an interelectrode distance / =
50 mm for the distances between
the edges of the electrodes and the
side wall L=0 and =150 mm. The

" calculation was done using Egs. (1),

(6) and (11).
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Fig. 3. The current density-cell volt-
age dependences of the system
Cul0.1 M CuSO4, 0.1 M H2SO04/Cu
with an interelectrode distance / =
100 mm for the distances between
the edges of the electrodes and the
side wall L=0and L=150 mm. The
calculation was done using Egs. (1),

(6) and (11).

Fig. 4. The current density-cell
voltage dependences of the sys-
tem Cul0.1 M CuSO4, 0.1 M
H2SO4|Cu with an interelectrode
distance / = 150 mm for different
distances between the edges of the
electrodes and the side wall. The
calculation was done using Egs.

(1), (6) and (11).

between the calculated and the experimentaly obtained values is very good. It is
seen that polarization curves can be calculated for different interelectrode distances
and copper anodes (Figs. 1-4), and lead anodes (Figs. 5 and 6). Comparisons of the
experimental and calculated curves for different L’< L for copper and lead anodes
are shown in Figs. 4 and 6, respectively. In this way the calculation of L was verified,
as well as the possibility of using L’ directly in the calculation of polarization curves,
if L’< L. Hence, the method of calculation of the very edge current density, proposed
in an earlier paper,? has been verified in an indirect way. The direct proof of this

method will be given in the next paper.
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PACIIOEJIA CTPYJE Y EJIEKPOXEMUWICKOJ 'REJIMIN. IEO 5. OJPEGLUBALILE 1YBMHE
INIPOJUPAIBA CTPYJHUX JIMHUJA UBMEBLY UBULIA ENEKTPOAA Y BOYHKX 31-
JTOBA REJIMJE

KOHCTAHTUH W. [10I10B, CIIABUIIA M. IEIIW'R" 1 TABA M. KOCTUR

Texnonouiko-meimianypuiki paxyaitieit, Ynusepsuiieit y beozpady, Kaprnezujesa 4, ii.iip. 494, 11001 Beozpad u "EH-
Illisamiiana koaa 0.0., Bya. Ilapa Kouciianitiuna 80-84, 18000 Huw

IIpennoxeH je MeToy| 3a n3pauyHaBame JyOrHE IIPOMpPara CTPYjHUX JIMHA]A Y IIPOCTOP
u3meby uBHia enekTpoia u 604HUX 3uj10Ba henuje 3a ciiyyaj naHnapageIHuX eJIeKTpoja.
Bepudukanuja MeTosia je u3BpiieHa n3pauyHaBambeM NoJIapu3aliOHUX KpUBKX 3a henuje Koj
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KOjUX WBHIIE €JIEKTPOJIa He HaJlexXy Ha 6ouHe 3ugoBe hemmje. Crarame m3meby npopauyna u
MEpEHNX BPEHOCTH je T00po.
(ITpumsbeno 24. jyna 1999)
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