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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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Amethod 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

electrode 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 earlier1 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 + 
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whereU is the cell voltage,Ur is the reversible cell voltage, ha and hc are the anodic

and cathodic overpotentials, respectively, r is the resistivity of the electrolyte, A is

the length of the electrode, l 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 and j is the current density, assuming a homogeneous current distribution over

all the electrode, except the very edge. On the other hand, ha and hc are given by

ha = balog (j/j0,a) (2)

and

hc = – bclog 
Ł
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where b
a
and b

c
are the anodic and cathodic Tafel slopes, j0,a and j0,c are the exchange
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current densities for the anodic and cathodic processes and jL is the limitingdiffusion

current for the cathodic process.

As was shown earlier,2 Eq. (1) is valid when

0 < L £ Lmax (4)

where

Lmax =  
l
2

(5)

Amethod for the calculation of Lwas given recently,2 but with the unrealistic

assumption that the maximum length of the current line between the edges of the

electrodes l� is ¥ . Following the same procedure, but taking into account that the

maximum value of l� is l 2, which is in accordance with Eq. (5), one obtaines
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It can easily be shown that L = 0 when

ha – hc >> rlj (7)

and when

ha – hc << rlj (8)

L=l/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
max

.

Obviously, L from Eq. (6) will be substituted into Eq. (1) if

L’> L (9)

where L� is the electrode edges-side wall distance. If

L’< L (10)

theL� value should be substituted intoEq. (1). The equation of the polarization curve

for L = 0 is obviously

U = Ur + ha – hc + rlj (11)
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RESULTS AND DISCUSSION

Aswas shown in the previous paper in this series, the systemCu|0.1MCuSO4,

0.1 MH2SO4|Cu can be described by b
a
=40 mV dec�1, b

c
=120 mV dec�1, j0=1 mA

cm�2 and r=17 W cm. Also the systemCu|0.1 MCuSO4, 0.1MH2SO4|PbO2 can be

described by b
a
=120 mV dec�1 and j0(O2)=2·10�4 mA cm�2 and U

r
=1.1 V if the

kinetic parameters for copper deposition are the same as in the previous case.

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 Eqs. (1), (6) and (11), are presented in Figs. 1�6. The agreement

Fig. 1. The current density-cell

voltage dependences of the sys-

tem Cu|0.1 M CuSO4, 0.1 M

H2SO4|Cu with an interelectrode

distance l = 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 Eqs. (1), (6) and

(11).

Fig.2.Thecurrentdensity-cellvolt-

age dependences of the system

Cu|0.1MCuSO4, 0.1MH2SO4|Cu
with an interelectrode distance l =

50 mm for the distances between

the edges of the electrodes and the

side wall L=0 and L=150 mm. The

calculationwasdoneusingEqs. (1),

(6) and (11).
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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 thisway the calculation ofLwas verified,

aswell as the possibility of usingL� directly in the calculation of polarization curves,

ifL�<L. Hence, themethod of calculation of the very edge current density, proposed

in an earlier paper,2 has been verified in an indirect way. The direct proof of this

method will be given in the next paper.

Fig.3.Thecurrentdensity-cellvolt-

age dependences of the system

Cu|0.1MCuSO4, 0.1MH2SO4|Cu
with an interelectrode distance l =

100 mm for the distances between

the edges of the electrodes and the

sidewallL= 0 andL=150mm.The

calculationwasdoneusingEqs. (1),

(6) and (11).

Fig. 4. The current density-cell

voltage dependences of the sys-

tem Cu|0.1 M CuSO4, 0.1 M

H2SO4|Cu with an interelectrode

distance l = 150 mm for different

distances between the edges of the

electrodes and the side wall. The

calculation was done using Eqs.

(1), (6) and (11).
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I Z V O D

RASPODELA STRUJE U ELEKROHEMIJSKOJ ]ELIJI. DEO 5. ODRE\IVAWE DUBINE

PRODIRAWA STRUJNIH LINIJA IZME\UIVICA ELEKTRODAI BO^NIH ZI-

DOVA]ELIJE

KONSTANTIN I. POPOV, SLAVI[AM. PE[I]
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i TAWAM. KOSTI]

Tehnolo{ko-metalur{ki fakultet, Univerzitet u Beogradu, Karnegijeva 4, p.pr. 494, 11001 Beograd i
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Predlo�en jemetod za izra~unavawe dubine prodirawa strujnihlinija u prostor

izme|u ivica elektroda i bo~nih zidova }elije za slu~aj planparalelnih elektroda.

Verifikacija metoda je izvr{ena izra~unavawem polarizacionih krivih za }elije kod

Fig. 5. The current density-cell

voltage dependences of the system

Cu|0.1 M CuSO4, 0.1 M

H2SO4|PbO2 with an interelec-

trode distance l = 20 mm for the

distances between the edges of the

electrodes and the side wall L = 0

and L=150 mm. The calculation

was done using Eqs. (1), (6) and

(11).

Fig. 6. The current density-cell

voltage dependences of the sys-

tem Cu|0.1 M CuSO4, 0.1 M

H2SO4|PbO2 with an nterelec-

trode distance l =150 mm for dif-

ferent distances between the

edges of the electrodes and the

side wall. The calculation were

done using Eqs. (1), (6) and (11).
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kojih ivice elektroda ne nale�u na bo~ne zidove }elije. Slagawe izme|u prora~una i

merenih vrednosti je dobro.

(Primqeno 24. juna 1999)
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