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The e�ect of Co2+ ions on zinc deposition from acidic sulfate electrolytes is investigated on the basis
of steady-state polarization curves and impedance measurements. Hydrogen evolution is shown to be
enhanced by adsorbed cobalt on both the zinc deposit and the aluminium substrate, and this stim-
ulation occurs in combination with the catalytic e�ect of adsorbed species originating from anodic
products. Hydrogen evolution involves a di�usion-controlled step and a slow adsorption process
which is the rate-determining step. It also induces the redissolution of the zinc deposit observable
from the potential dependencies of current, charge transfer resistance and double layer capacitance.
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1. Introduction

The zinc electrowinning industry is faced with the
problem of obtaining a zinc deposit free of metal
impurities. Thorough puri®cation of the solution is
necessary because almost all metal impurities, except
for manganese, are more noble than zinc. Thus they
are deposited either before, or simultaneously with
zinc, forming galvanic cells on the cathode surface
leading to the redissolution of zinc in the acidic
electrolyte. Thus such codeposited impurities mark-
edly decrease the current e�ciency of zinc electro-
winning. Moreover the combined e�ect of these
impurities is not simply additive, but catalytic.

To explain the e�ect of these impurities, many
basic investigations have been reported, mainly in
terms of current e�ciency, cyclic voltammetry, mor-
phology and deposit orientation [1±8]. Zinc deposi-
tion is a�ected by bath acidity, temperature, current
density, the nature and concentration of impurities
and substrates. Zinc electrowinning in highly acidic
sulphate electrolytes containing cobalt or nickel as
impurity shows an `induction period' before the
redissolution of the zinc deposit [4, 9±12]. The length
of the induction period decreases with increasing
temperature, increasing acid concentration and with
decreasing current density [1, 3, 12]. It has been
shown [1] that the deleterious e�ect of impurities on
current e�ciency of zinc deposition follows the order
Ge > Sb > Ni > Co > Bi > Cu > As > Sn.

From cyclic voltammetry, the impurities such as
Ge, Ni and Co have been found to produce one, or
several, characteristic hydrogen peaks, the height of
which was shown to increase with the impurity con-
centration in the solution [13]. Zinc deposition po-
larization curves were more sensitive to nickel than to
cobalt in the electrolyte [14]. A `synergism' e�ect of
impurities on zinc electrowinning has been reported
for electrolytes containing admixtures of Ni2+ and
Co2+ [15]. This e�ect was ascribed to the speci®c
adsorption of cobalt complexes (Co(SO4)n )

(2n)2))

which catalyses the partial rate of nickel codeposition
with zinc.

Recently, on the basis of steady-state polarization
curves and electrochemical impedance analysis, new
data on the e�ect of metal impurities on zinc depo-
sition have been reported [10, 11, 16±20]. The in¯u-
ence of Ni2+ ions [17] on the kinetics of
electrodeposition has been interpreted in terms of a
reaction model involving hydrogen adsorption and
evolution, a multistep mechanism for zinc deposition
and the overall reaction for zinc dissolution. The
presence of Ni2+ in the electrolyte interferes with
anodically formed species to favour the formation of
active sites for hydrogen evolution and thereby de-
stabilize the deposition conditions and trigger deposit
corrosion [17]. Then the slow accumulation of ad-
sorbed nickel results in a progressive reduction of the
current domain in which zinc deposition is predomi-
nant. In the presence of Ge4+ ions, zinc deposition is
superseded by hydrogen evolution whose kinetics
have been shown to be entirely controlled by two
distinct germanium species adsorbed on the zinc*Author to whom correspondence should be sent.
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electrode [20]. On the other hand, lead adsorption has
been shown to decrease speci®cally the rate constants
of zinc dissolution and hydrogen evolution [19].

In the present work, the e�ect of Co2+ ions on
zinc deposition from acidic sulfate electrolytes used
for zinc electrowinning is investigated on the basis of
steady-state polarization curves and impedance
measurements, with a view to obtaining new infor-
mation on the mechanism of zinc deposition in the
presence of these ions.

2. Experimental details

Experimental details have been described previously
[11]. The electrolysis cell was thermostated at
(37�1) °C. The cathode of 1 cm2 surface area was
made of aluminium used in zinc electrowinning in-
dustry (Union MinieÁ re); the substrate purity is indi-
cated in Table 1. The cathode surface was vertically
oriented in the cell, and de®ned with epoxide resin
(Buehler). Before electrolysis, the cathode surface was
polished with emery paper (grit 1200). The reference
electrode consisted of mercury/mercurous sulphate
electrode in saturated potassium sulphate (SSE), used
with two compartments separated by fritted glass. The
counter electrode was a platinum gauze cylinder. The
base electrolyte was made of 55 g dm)3 zinc from
ZnSO4.7H2O and 120 g dm)3 H2SO4 in pure water,
which was doubly ion-exchanged and twice distilled in
a quartz apparatus. Co2+ ions were added to the
electrolyte from a CoSO4.7H2O solution in pure wa-
ter. All chemicals were Merck products of analytical
grade purity and the maximum levels of impurities in
the electrolyte were: Ca, K, Li, Mg, Na, Pb 2 ppm; Cd,
Cu, Fe, Sr 1 ppm; Mn O.6 ppm; As 0.1 ppm.

Steady-state polarization curves and impedance
measurements in the frequency range from 60 kHz to
6mHz were performed automatically using a fre-
quency response analyser (Solartron SI 1250) and an
electrochemical interface (Solartron SI 1286) con-
trolled by a microcomputer (IBM PS/2 model 35 slc)
with Software (Fracom).

Before starting each potentiostatic curve, the elec-
trode was maintained at the initial potential for a
prepolarization time sp (between 5min and 1 h). Po-
tentiostatic curves were obtained by potential steps of
10mV from U � )1.56V down to )1.4V, or from
U � )1.3V up to )1.7V, and waiting for current
stabilization for 15min at each potential U before
measuring the electrode impedance. Generally this
current stabilization, equivalent to a variation lower
than 2%, occurred in spite of the time dependences of
the morphology and roughness of zinc deposits. The
high-frequency limit of electrode impedance yields the
electrolyte resistance, Re, which was used to correct

the ohmic drop, Rei, in the steady-state polarization
curves i/E, with E � U)Rei where negative values of
current density, i, correspond to the cathodic current.
With such an experimental procedure, the total time
necessary for one experiment was approximately 15 h.

Surface examination of the cathode was performed
by SEM and X-ray EDS.

3. Results and discussion

To determine the interactions between the cobalt
species adsorbed on both the zinc deposit and the
aluminium substrate, two di�erent procedures were
adopted to obtain the polarization curves and im-
pedance spectra. The ®rst consisted in decreasing
cathode polarization subsequently to a zinc prede-
posit obtained at relatively high cathodic polariza-
tion. The second was realized by increasing the
cathode polarization starting from the aluminium
substrate polarized in the domain of hydrogen evo-
lution at relatively low polarization.

3.1. Decreasing polarization of the electrode

Steady-state polarization curves of zinc deposition
were recorded under potentiostatic conditions from
U � )1.56V down to )1.4V and they were cor-
rected for ohmic drop. Figure 1 shows the in¯uence

Table 1. Impurity contents in the aluminium substrate

Element Cu Si Ni Mg Fe Zn B Ti

Percentage impurity 0.005 0.015 0.0025 0.005 0.35 0.03 0.006 <0.03

Fig. 1. Steady-state polarization curves i(E) obtained from
U � )1.56 to )1.4V vs SSE, for various concentrations [Co2+] in
fresh electrolytes: 0 (curve 1), 5 (curve 2), 30 (curve 3) and
100mgdm)3 (curve 4). Polarization time sp at U � )1.56V is
5min. Points: (A) E � )1.515V on curve 1; (B) E � )1.45V on
curve 1; (C) E � )1.41V on curve 1; (D) E � )1.455V on curve
3; (E) E � )1.385V on curve 4.
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of the concentration of Co2+ ions in fresh electro-
lytes, when the electrode was prepolarized for 5min
at U � )1.56V. As already reported [18] three dis-
tinct domains appear on curve 1 obtained without
Co2+ in the electrolyte, a current plateau (between
)1.42 and )1.48V) separating the cathodic branch
for zinc deposition from the anodic branch for zinc
dissolution. In addition to the inhibition of zinc de-
position by adsorbed hydrogen, the adsorption of
lead present in the electrolyte probably contributes to
the existence of the current plateau, as previously
shown [19]. With increasing Co2+ concentration,
hydrogen evolution is stimulated and the current
plateau is progressively replaced by a current peak. In
addition the potential range for hydrogen evolution
widens on curve 4 obtained with the highest con-
centration of Co2+. The current observed between
)1.37 and )1.42V on curves 3 and 4 characterizes
hydrogen evolution on the substrate. This current,
sensitive to the presence of impurities in the substrate,
was observed to be much lower on pure aluminium
(99.999% purity, Johnson-Matthey, specpure). On
the other hand, it is worth noting that the cathodic
branch for zinc deposition is little a�ected by the
presence of Co2+: only a slight increase in the current
appears on curve 4 between )1.49 and )1.52V.

The impedance plots characteristic of the three
domains on curve 1 in Fig. 1 are depicted in Fig. 2.

Figure 2(a) shows the general features for zinc de-
position: a high-frequency capacitive loop due to the
charge transfer resistance of zinc deposition in par-
allel with the double layer capacitance, an inductive
feature with two distinct time constants (at 6 and
0.6Hz, approximately) and a low frequency capaci-
tive loop, as already reported [18, 19]. The relaxation
processes apparent in the faradaic impedance have
been interpreted in terms of a reaction model where
hydrogen adsorption is coupled to the multi-step
mechanism for zinc deposition [17, 19].

Figure 2(b) is typical of the current plateau where
a small amount of hydrogen evolution takes place on
the zinc deposit: this plot essentially exhibits a charge
transfer loop accompanied by a small low-frequency
capacitive loop, indicating that some inhibiting ad-
sorption is involved in hydrogen evolution.

Figure 2(c) corresponds to the dissolution of the
zinc deposit (i > 0): a small capacitive loop and an
inductive loop appear in the low-frequency domain.

The presence of Co2+ in the electrolyte does not
change the shape of the impedance plots character-
istic of zinc deposition, even between )1.49 and
)1.52V on curve 4. At potentials where the forma-
tion of hydrogen bubbles on the electrode surface
predominates, the electrode impedance is di�cult to
measure accurately in the low-frequency domain.
However, when the current was relatively low, signi-
®cant and typical impedance plots were obtained, as
exempli®ed in Fig. 3. In addition to the charge
transfer loop, plot (d) exhibits a low-frequency ca-
pacitive loop associated with a negative resistance, in

Fig. 2. Complex plane impedance plots (a, b, c) obtained at points
A, B and C, respectively, in Fig. 1, without Co2+ with electrolyte.

Fig. 3. Complex plane impedance plots (d, e) obtained at points D
and E, respectively, in Fig. 1, with Co2+ in the electrolyte.

INFLUENCE OF Co2+ IONS DURING ZINC ELECTROWINNING 1197



agreement with the negative slope of curve 3 in
Fig. 1. This negative slope corresponds to strong in-
hibition of hydrogen evolution by some adsorbed
species. Consequently, it can be considered that the
catalytic e�ect of the adsorbed, or codeposited, Co
atoms on hydrogen evolution is strongly reduced by
another adsorbate in the potential domain where the
negative resistance appears. This counteraction is
probably due to the adsorbed zinc species (adatoms
or adions) present on the electrode surface [17].

Plot (e) is probably characteristic of hydrogen
evolution on the aluminium substrate, after dissolu-
tion of the zinc deposit, in the presence of adsorbed,
or deposited, cobalt species. Similar to the situation
already observed with the Ge impurity [18, 19], a
di�usion-type loop at medium frequencies (100±
0.4Hz) and a low frequency inductive loop appear on
plot (e). Therefore two distinct adsorbates are prob-
ably involved in the mechanism of hydrogen evolu-
tion: one whose surface concentration is di�usion
controlled, acting as an inhibitor, and a second pro-
ducing a slow catalytic e�ect. On plot (d), the
Warburg-type behaviour is barely apparent at fre-
quencies between 6 and 0.15Hz.

The dependence of the product of the charge
transfer resistance, Rt, and current density, i, on the
electrode potential, E, is illustrated in Fig. 4. In the
cathodic domain ()1.48 to )1.52V) the variation of
Rti corresponds to zinc deposition and is not a�ected
by the presence of 5mg dm)3 Co2+ in the electrolyte.
In the potential domain ()1.42 to )1.48V), curves 1,
2 and 3 show a peak characteristic of hydrogen evo-
lution, in agreement with previously reported results
on the in¯uence of Ni2+ or Ge4+ impurities [11, 16±
19]. Figure 4 shows that this peak is higher with in-
creasing Co2+ concentration. It is also clear from
curve 3 that hydrogen evolution in¯uences zinc de-
position at potentials less cathodic than )1.5V. On

curve 4 corresponding to 100mgdm)3 Co2+, hydro-
gen evolution remains prevalent at low cathodic po-
larization and the Rti product remains relatively high.

The values of the double layer capacitance, Cd, de-
duced from the apex of the high frequency loop on the
impedance plots, are given in Fig. 5, the experimental
conditions being the same as for Fig. 4. With de-
creasing cathodic potential E from )1.52V, the ca-
pacitance decreases as the deposition current
progressively vanishes. This decrease is connected with
an increasing quantity of adsorbed hydrogen on the
zinc electrode. At low cathodic polarizations
(E > )1.42V), the increase inCd indicates an increase
in the electrode area due to the dissolution of the zinc
deposit. This e�ect ismore pronounced on curves 2 and
3 corresponding to 5 and 30mg dm)3 Co2+, respec-
tively. On curve 3 the observed Cd peak shows that the
deposit disappears on the electrode surface. For
100mg dm)3 Co2+, the dissolution of the zinc deposit
occurs at more cathodic potentials, and the low values
of Cd observed at low cathodic polarizations charac-
terize the hydrogen adsorption on the substrate.

The hydrogen evolution current depends not only
on [Co2+], but also on the electrolyte ageing, as il-
lustrated in Fig. 6: the hydrogen peak is higher on
curve 3 than on curve 2. In addition, it appears from
curve 3 that the dissolution of the zinc deposit occurs
suddenly with the aged electrolyte: when the electrode
potential E attains a critical value ()1.42V) with
decreasing cathodic polarization, a sharp decrease in
cathodic current is observed. As shown in Fig. 7, this
current decrease is simultaneous with both a sharp
increase in Rti and the presence of an acute peak of
Cd. After complete dissolution of the deposit
(E > )1.42V), Rti remains high, and Cd remains
low, due to the hydrogen evolution taking place on
the aluminium substrate and stimulated by the ad-
sorption or deposition of cobalt.

Fig. 4. Potential dependence of the Rti product under the same
conditions as for Fig. 1. Concentration of Co2+: 0 (curve 1), 5
(curve 2), 30 (curve 3) and 100mgdm)3 (curve 4).

Fig. 5. Potential dependence of the double layer capacitance un-
der the same conditions as for Fig. 1. Concentration of Co2+: 0
(curve 1), 5 (curve 2), 30 (curve 3) and 100mgdm)3 (curve 4).
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In the potential domain where hydrogen evolves
on the aluminium substrate, the current stability is
considerably diminished, and it becomes impossible
to obtain signi®cant values of the electrode imped-
ance at frequencies down to 6mHz. Plot (f) in Fig. 8
is typical of hydrogen evolution on the substrate
covered with adsorbed cobalt. Similar to plot (d) in
Fig. 3, plot (f) reveals a di�usion-type capacitive
feature, and the low-frequency data agree with the
negative slope of the polarization curve. However,
the origin of the negative resistance is probably dif-
ferent, due to a much less probable adsorption of zinc
species in the potential region around point F.

Similar concomitant and steep variations in Rti,
Cd and i were observed in aged electrolytes for
various concentrations [Co2+], but the critical
value of the potential E depends on [Co2+]:
)1.43 V for [Co2+] � 50mg dm)3, )1.42V for
[Co2+] � 30mg dm)3, and )1.41V for [Co2+] �
20mg dm)3. These values are in agreement with a
more stimulated process of zinc redissolution in
more concentrated Co2+ solution.

The in¯uence of the electrolyte ageing indicates
that the stimulation of hydrogen evolution by Co2+

ions occurs in combination with the catalytic e�ect of
anodically formed products, as already observed for
the impurity Ni [11, 17]. During electrolysis, the pro-
gressive accumulation of the adsorbed metal impurity
with adsorbed species originating from the anodic
products slowly stimulates the hydrogen evolution on
the zinc electrode. The minimum current im, observed
in Figs 1 and 6 at potentials close to )1.48V and
separating the deposition branch from the hydrogen
domain, increases with both the concentration [Co2+]
in the electrolyte and the electrolysis time.

Under similar experimental conditions, the de-
crease in the polarization for zinc deposition ob-
served in this study concerning the Co2+ impurity, is
much lower than that previously reported [16, 17] for
the Ni2+ impurity present at relatively low concen-
tration (5mg dm)3). Furthermore the hydrogen peak
was markedly higher for Ni2+ than for Co2+. Con-
sequently, it can be concluded that the propensity of
the metal impurity in the electrolyte to destabilize the
conditions for zinc deposition is less marked for
Co2+ than for Ni2+, in conformity with already re-
ported data [14].

3.2. Increasing polarization of the electrode

To obtain further information concerning the in¯u-
ence of Co2+ ions on the electrode behaviour at low
cathodic polarizations, the aluminium electrode was
prepolarized at U � )1.3V and then U was stepped
from )1.3V up to )1.7V. Figure 9 presents the
curves obtained without Co2+ (curves 1) and with
100mg dm)3 Co2+ (curves 2) in the aged electrolyte
for about 100 h. The in¯uence of the ohmic drop

Fig. 6. In¯uence of the electrolyte ageing on polarization curves
i(E) obtained under the same conditions as for Fig. 1: without
Co2+ (curve 1) and with 30mgdm)3 Co2+ in a fresh electrolyte
(curve 2) and in an electrolyte aged for 100 h (curve 3). Point F:
E � )1.39V.

Fig. 7. Potential dependences of the double layer capacitance Cd

and the product Rti under the same conditions as for curve 3 in
Fig. 6: [Co2+] � 30mgdm)3 and aged electrolyte.

Fig. 8. Complex plane impedance plot obtained at point F in
Fig. 6, with Co2+ in the aged electrolyte.
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appears from a comparison of the i(U) curves with
the i(E) curves. The ohmic drop corresponds to a
resistance Re ranging between 0.9 and 1.3W cm2. This
resistance agrees with the highly conducting electro-
lyte, but it is also a�ected by the distance between the
working electrode and the reference electrode, which
was relatively high in the present study.

Without Co2+, there is practically no current up
to )1.5 V, a potential where zinc deposition starts.
Plot (P1) in Fig. 10, corresponding to P1 in Fig. 9, is
very similar to Figure 2(b), indicating that hydrogen
evolution on the aluminium substrate occurs in the
same manner as hydrogen evolution on the zinc de-
posit.

With the presence of 100mgdm)3 Co2+ in the
aged electrolyte, hydrogen evolution on the alumini-
um substrate is considerably stimulated (curves 2 in
Fig. 9). Firstly, a sharp increase of current takes place
for E � )1.3V. Then a current plateau appears,
followed by a new increase in current. Finally, the
current decreases suddenly to rejoin the cathodic
branch of zinc deposition. In the whole potential
domain where hydrogen evolution predominates, a
Warburg-type capacitive loop leading to a negative
resistance was apparent on impedance plots, as ex-
empli®ed on plot P2 in Fig. 10, obtained for
U � )1.41V (i.e., E � )1.325V). But the evolution
of bubbles and the poor stability of current did not
allow signi®cant measurements below 60mHz and
the low-frequency extrapolation was not possible. In
the frequency domain (60±0.6Hz), the Warburg-type
impedance on plot P2 is similar to plots (d), (e) and
(f). Therefore it is con®rmed that hydrogen evolution

on adsorbed cobalt involves a di�usion-controlled
process whatever the electrode: zinc deposit or alu-
minium substrate.

The low-frequency part on plot P2 is the same as
on plot (f), but di�ers from plot (e) which was ob-
tained with a fresh electrolyte. Consequently, the
negative resistance can be related to a stronger in-
hibition of hydrogen evolution on aluminium in
aged electrolyte. This result con®rms that the stim-
ulation of hydrogen evolution on the aluminium
substrate results from the coupled adsorption of Co
species with other species formed during the elec-
trolysis.

In an attempt to clarify the nature of the species
present on the electrode surface, various aluminium
electrodes were maintained for several hours at a
constant potential U � )1.4 V, without or with
Co2+ ions in the electrolyte. The current transients
are exempli®ed in Fig. 11. Curve 1 shows that the
long term experiment in the absence of Co2+ gives
rise to a slow increase in hydrogen current, which
might be due to the accumulation of anodic products
adsorbed on the aluminium surface and liable to
stimulate the hydrogen evolution. Curve 1 also shows
a current decrease at the end of the transient, indi-
cating a slow inhibition process. Curve 2 reveals that i
increases more rapidly, due to the catalytic e�ect of
Co2+ ions on hydrogen evolution. The increase in
current during the ®rst hours on curve 2 in Fig. 11
indicates that the curves 2 in Fig. 9 were not really
steady-state since there was probably a slow accu-
mulation of adsorbed species, essentially cobalt, able
to stimulate the hydrogen evolution.

At the end of the transients in Fig. 11, the exam-
ination of electrodes in SEM and X-ray EDS reveals

Fig. 9. Polarization curves: (s) i1 (E), (n) i2 (E) and (d) i1 (U), (m)
i2 (U) obtained from U � )1.3 to )1.7V vs SSE, without Co2+

(curves 1) and with 100mgdm)3 Co2+ (curves 2) in aged electrolyte.
Prepolarization time at U � )1.3V is 30min.

Fig. 10. Complex plane impedance plots obtained at points P1 and
P2 in Fig. 9. (P1) U � )1.38V; (P2) U � )1.41V and
E � )1.325V.
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the presence of some substrate impurities (Fe and
Cu), but also of lead in a few spots on the electrodes,
as exempli®ed in Fig. 12. This indicates the likely
inhibition of hydrogen evolution due to lead present
on the aluminium surface. In addition, at the end of
curve 2 in Fig. 11, the examination of electrodes did
not reveal the presence of Co atoms, whose quantity
is probably too small on the surface to be detected by
this technique.

The potential dependence of the Rti product,
measured under the same conditions as for Fig. 9, is
represented in Fig. 13. A clear distinction can be
made between the high values of Rti corresponding to
hydrogen evolution and the low values corresponding
to zinc deposition which tend towards about 50mV
at the highest cathode polarizations. The two jumps

observed at U � )1.5V and U � )1.62V on curves
1 and 2, respectively, correspond to the potentials
where zinc deposition starts on Fig. 9.

The in¯uence of the direction for potential step-
ping is depicted in Fig. 14. The coincidence of curves
appears for hydrogen evolution on the left hand side
of the ®gure and for zinc deposition on the right hand
side. In addition, the transition between the two re-
gimes appears to take place at the same potential
E � )1.43V, whatever the direction of the potential
stepping. The aluminium electrode exists on the left
hand side whereas a zinc deposit exists on the right
hand side. It appears that the curve for hydrogen
evolution on the aluminium substrate depends on the
direction of potential stepping, due to the in¯uence of
the electrode story.

4. Conclusion

Steady-state polarization curves and impedance data
show that the kinetics of zinc deposition taking place
at high cathodic potentials are little a�ected by the
presence of Co2+ ions in the electrolyte. However
with Co2+ ions, a current peak of hydrogen evolution
on zinc deposit appears at low cathodic potentials,
and the peak height increases with [Co2+] concen-
tration.

Impedance spectra characteristic of hydrogen
evolution reveal that the mechanism of hydrogen
evolution due to the adsorbed cobalt involves a dif-
fusion-controlled process.

In addition, the rate determining step of hydrogen
evolution is a slow adsorption process able to give
rise to a capacitive feature when the polarization re-
sistance is negative. Such a negative resistance prob-
ably results from a strong inhibition of hydrogen
evolution by adsorbed zinc species.

From impedance data in the high frequency do-
main, it is shown that hydrogen evolution on ad-

Fig. 11. Time dependence of the current i for an electrode polar-
ized directly at U � )1.4V, without Co2+ (curve 1) and with
100mgdm)3 Co2+ (curve 2).

Fig. 12. (a) SEM of the electrode obtained at point Q in Fig. 11. (b) X-Ray EDS analysis of the spot in Fig. 12(a).
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sorbed cobalt is characterized by relatively high val-
ues of the product of the charge transfer resistance,
Rt, and current density, i, and also by relatively low
values of the double layer capacitance consequent on
the hydrogen adsorption.

The in¯uence of the electrolyte ageing indicates
that the stimulation of hydrogen evolution by Co2+

ions occurs in combination with the catalytic e�ect of
anodically formed products, as already reported for
the nickel impurity. Adsorbed species originating
from the anodic products progressively accumulate
on the electrode surface and interfere with adsorbed
cobalt to stimulate hydrogen evolution.

The stimulation of hydrogen evolution by cobalt
adsorbed on zinc is accompanied by a redissolution
of the zinc deposit, clearly detected from the potential
dependencies of the current and double layer capac-
itance.

From the polarization curves, it is con®rmed that
hydrogen evolution on the zinc deposit is less sensi-
tive to Co2+ ions than to Ni2+ ions.

Hydrogen evolution on the aluminium substrate is
also stimulated by both adsorbed cobalt and anodi-
cally formed products. This reaction is inhibited in
the presence of lead on the aluminium surface.
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