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The current distribution in an electrochemical cell.
Part IV. The relation to the Haring-Blum method
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It was shown that the current density-cell voltage curves recorded in a cell with
parallel plate electrodes for different distances between the edges of the electrodes and
side walls of the cell can be used to determine the current distribution in cells of the
Haring-Blum type.

Key words: metal electrodeposition, electrochemical cell, current distribution.

It has been shown carlier! that the ohmic resistance of the electrolyte in a cell
decreases as the distance between the edge of the clectrode and the side wall of the
cell increases,according to relation
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where Reffis the electrolyte resistance in a cell in which the edges of the electrodes
do not touch the side wall of the cell and Ry is the electrolyte resistance of the same
cell but with the edges of the electrodes touching the side walls. The parameter &
is given by

_L
k=7 )

where L is the distance between the edge of the electrode and the side wall of the
cell, and A is the electrode length.
It was found experimentaly, using the bridge method, that Eq. (1) is valid up
to k=1, when Refr= 0.5 Rp. The value of Refr does not change as & increases further.
As a consequence of this, the current in a cell in which the edges of the
electrodes do not touch the side wall will be considerably larger than in a cell in

which the edges of the electrodes do touch the side walls? (at the same cell voltage
and inter-clectrode distance and if the activation overpotential is not very large). It
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is easy to show that, for a distance / ¢, the ohmic resistance of the electrolyte in a
cell in which the edges of the electrodes touch the side walls is equal to the ohmic
resistance of the electrolyte in a cell in which the edge of the electrode is at a distance
L from the side wall of the cell and at the inter-¢lectrode distance /, providing
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leffzihl@"'j@ ()
Hence, from the current density-cell voltage dependences for different dis-
tances between the edge of the electrode and the side wall of the cell, the current
distribution between cathodes at different distances from the anode can be obtained
and used for the calculation of the current distribution indexes according to Haring
and Blum,> Heatly,® Pan,’ Field,® and Popov er al.* It is to note that the throwing
power index, defined recently by Popov ef al., is very similar to that of Heatley®
and Pan.” In all the above methods, the ratio of the primary current densities, P, and
that of the actual metal distribution, M, are included in the corresponding formulas.

According to Haring and Blum,” the throwing power is given by

=M 100% )
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and according to Heatley6 and Pan’
T= I;:Af x 100% )
and Field®
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where P = and M = , Ifar and Ipear are the far and near cathode-anode
Znear Mfar

distance, respectively, and Amfar and Amnear the weight of deposit on the far and
near electrode, respectively. It is obvious that /far = / and Inear = leff in the region
where Eq. (3) is valid, and that it is possible to obtain the P values as the ratio of
corresponding ohmic resistances calculated from the slopes of ohmic controlled
current density-cell voltage curves. The values of M are obtained from mixed
controlled current density-cell voltage curves for the same geometry of the system,
because, in the case of copper deposition from acid sulphate solution, M can be
substituted by current density ratios.

It can be scen from Egs. (4) and (5) that for no deposit on the far cathode T’
must be minus infinity and according to Eq. (6) —100%. According to a more suitable
definition, the throwing power index S can be viewed as the degree to which the
secondary current density distribution cancels the bad effects of the primary current
density distribution from 0 —100% or, for no deposit on the far cathode, from

-1/P
1-1/P

up to 100%, as can be seen from Eq. (7).
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Typical Haring-Blum throwing power cells have P= 5, i.e., the far cathode is
5 times as far from the anode as the near cathode. Also, cells with P = 2 are used.
These measured quantities depend on the scale of the experiment and so are not
absolute values; but, in general, a solution exhibiting good throwing power in such
a test will exhibit it in practise also.

RESULTS AND DISCUSSION

The different effects on the current distribution can be illustrated in a qualita-
tive way by all the cited equations, however, Eq. (7) seems to be the best one.

The values of T calculated using Eqs. (4-6) and S using Eq. (7) for different
situations as functions of the normalized deposition current density (to the limiting
diffusion current for L = () are shown in Figs. 1-3. The primary current distributions
for / = 50 mm and / = 150 mm were calculated from the slopes of the current
density-cell voltage curves (complete ohmic control) for different electrode edges-
side wall distances from Figs. 3 and 6 from Ref. 3, respectively, and the actual current
density distribution from Figs. 5 and 7 from Ref. 2, and Figs. 1 and 2 from Ref. 3
(mixed controlled deposition).
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Fig. 1. The throwing power indexes for the system Cul0.1 M CuSOg, 0.1 M H2SO4|Cu with /=50 mm
and L = 25 mm as functions of the normalized current density. (Data from Fig. 5, Ref. 2 and Fig. 3, Ref. 3).
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Fig. 2. The throwing power indexes for the system Cul0.1 M CuSOg4, 0.5 M H2SO4|Cu with /=50
mm and L =25 mm as functions of the normalized current density. (Data from Fig. 1 and Fig. 3,

Ref. 3).
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Fig. 3. The throwing power indexes for the system Cul0.1 M CuSO4, 0.5 M H2SO4|Cu with /=150

mm and L =50 mm as functions of the normalized current density. (Data from Fig. 2 and Fig. 6,
Ref. 3).

The effects of the inter-electrode distance and resistivity of the electrolyte are
illustrated by Figs. 3-6. It can be seen that the current distribution is better with smaller
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Fig. 4. Current density for different L and /cfr as a function of the current density in the cell with inter-elec-
trode distance / and L =0 for the system Cul0.1 M CuSOg4, 0.1 M H2SO4/Cu. (Data from Fig. 7, Ref. 2).
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Fig. 5. Current density for different cell potentials as functions of L in a cell with an inter-electrode
distance /=150 mm for the system Cu|0.1 M CuSOs, 0.1 M H2SO4|Cu. (Data from Fig. 7, Ref. 2).

inter-electrode distances and larger supporting electrolyte concentrations.? Theideal
current distribution for an inter-electrode distance of 50 mm is obtained at 0.5 M HpSO4;
for an inter-electrode distance of 150 mm with the same concentration of supporting
electrolyte, the current distribution is similar to that from Fig. 1.
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Fig. 6. The scheme of the electrochemical cell with plane-parallel electrodes and different inter-elec-
trode distances.

On the other hand, the absolute values of current densities on the flat electrode
surfaces at different distances from the anode can be obtained directly from the
current density-cell voltage dependences from Ref. 2-4, making the calculation of
the throwing power indexes unusefull. Besides, in this way, jn/jeff for different
inter-electrode distances in the region 0 < lefr < //2 can be easily determined from
the polarization curves slopes up to L = [/2. The current density-cell voltage
dependences from Ref. 2—4 can be reploted in the form permitting the correlation
between the current in the cell for an inter-electrode distance / and L = 0 mm and
the current in the same cell for 0 < L <1/2, i.e., with different /eff, as seen from Fig,
4. They can also be reploted in the form shown in Fig. 5, permitting the determination
of current in cell with different L at different cell potentials. It is also seen from Fig.
5 that the change of current with increasing L is practically finished at L = 4, and is
completely finished at L = //2. Hence, for the determination of the current density
distribution in the cell, schematically shown in Fig. 6, a method for the estimation
of the current densities at the very edges of the electrodes is required. Such a method
will be proposed in a future paper.
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PACITOIEITA CTPYJE Y EJIEKTPOXEMMNICKOJ REJININ. TEO 4.
BE3A CAMETOJJOM XAPUHI-BJIYMA

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

Texnonouxo-meitiarypuiku gpaxyaitieits, Ynusepsuitieiti y Beozpaoy, Kapnezujesa 4, ii.ip. 3503, 11120 Beozpao u
"EU-Illiiamiiana xoaa 9.0., Bya. Hapa Koncitianitiuna 80-84, 18000 Huw

IlokazaHo je ma ce KpuBe T'yCTHHA CTpYje-HAIlOH perHcTpoBaHe 3a henmjy ca IuiaH-
TapalleJIHUM eNIeKTpojiaMa pa3InIATHX PAcTojatha m3Mehy nBuIa erekTpoyia u 60THAX 3u0Ba
henmje Mory uckopuctuT 3a ogpebusame pacnoyese crpyje y hemujama tuna Xapuar-biym.

(ITpumibeHo 26. janyapa, peBupupaso 25. heGpyapa 1999)
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