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Abstract 

The electrochemical behavlour of lead, antimony and lead-antimony bmary alloys has been studied as a function of sulfuric 
acid and antimony concentrations in the lead alloy. The investigation was performed by means of cyclic voltammetry and 
impedance spectroscopy methods. Cyclic voltammetry, performed between the hydrogen and oxygen evolution and over narrower 
regions of potential coupled with systematic variation of the scan rates and the positive or negative reversal potential, revealed 
more details on the oxidation and reduction processes in the potential region of Pb(II)-. Pb(IV)- and Sb(III)-containing species 
which give further insight into the nature of the reactions of the leadiacld battery. The impedance measurements performed 
in the potential range of lead oxide, in which antimony oxldatlon in the alloys takes place, show the decrease in film resistance 
with increasing antimony content. 
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1. Introduction 

When a lead electrode 1s polarized in sulfuric acid 
solution in the potential range between hydrogen and 
oxygen evolution, a number of electrochemical reactions 
have been observed and studied. For example, Pavlov 
and co-workers [l-4] have studied the mechanism of 
the electrochemical oxidation and the crystal structure 
of the Pb electrode, while others investigated the analysis 
of each redox process occurring on the Pb electrode 
[5-221. The two reactions takmg place at the Pb/PbSO, 
and PbO,/PbSO, reversible potentials correspond to 
the charge and discharge reactions of the negative and 
positive electrodes in the lead/acid battery. Within the 
range of these two potentials the formation of several 
lead compounds occurs, forming a dense crystalline 
layer, and passivates the Pb electrode. The layer com- 
position depends on the potential and the quantity of 
electricity passed, as well as the alloying elements m 
the lead substrate. 

Antimony is widely used as an alloying additive in 
Pb alloys for the casting of lead/acid battery grids. It 
has been established that Sb affects sigmficantly not 
only the casting and the mechanical properties of the 
alloys but also has a strong impact on the electrochemical 
processes of the positive plate of the battery. Therefore, 

the electrochemical behaviour of Sb [23-301, as well 
as the influence of Sb on the electrochemical behaviour 
of Pb in Pb-Sb alloys [5,8,11,12,16,31-42] has been 
extensively studied during the last few years. In spite 
of that, the influence of Sb on electrochemical behaviour 
of Pb is not yet unambiguously explained and some 
contradictory results still exist in the literature. This 
is not surprising since the system is complex, and many 
factors influence its electrochemical behaviour. The aim 
of the present work was to study the electrochemical 
behaviour of Pb-1.3 to 4.5 wt.% Sb alloys and to compare 
the results obtained with the electrochemical behaviour 
of pure metals. 

2. Experimental 

The investigation was performed on pure Pb (99.998 
wt.%), spectroscopically clean Sb (Johnson Matthey 
Co.) and Pb-Sb alloys with a content of 1.3, 2.75, 3.75 
and 4.5 wt.% Sb by means of cyclic voltammetry (CV) 
and electrochemical impedance spectroscopy (EIS). The 
structure and morphology of Pb and Pb alloys were 
analysed by means of scanning electron microscope 
(SEM). The electrodes had a cylindrical form. The 
lateral surface of the cylinder was insulated by Araldite, 
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exposing only the cylinder base plane to the solution 
(the surface area of Sb was 0.46 cm* and that of Pb 
and Pb alloys 0.283 cm*). Before each experiment the 
Pb and Pb-alloy electrodes were polished with the 
silicon carbide grinding paper (grit 600), degreased in 
triclorethylene, rinsed with distilled water and prior to 
each measurement polarized for 10 min at - 1.0 V, 
below the equilibrium potential of the Pb/PbSO, couple, 
to remove oxide formed on the surface due to contact 
with air and PbSO, formed during the immersion. Before 
the measurements, the Sb electrode was polished me- 
chanically, wiped with tissue paper, and dipped in 
ethanol to remove dust and grease from the surface. 
Mechanical polishing was used giving reproducible re- 
sults. Most measurements were started after a short 
stand (5 to 10 min) at the rest potential to clean the 
electrode surface from oxidation products. In fact, the 
potential measured is a mixed potential determined by 
the reactions of anodic oxidation of Sb and cathodic 
reduction of oxygen [23]. 

The aqueous 5,0.5 and 0.05 M H,SO, solutions were 
used as electrolytes. Electrochemical measurements on 
pure Sb were performed in sulfuric acid solution sat- 
urated with Sb,O, in order to prevent big changes in 
the concentration of Sb in solution due to its dissolution. 
The experiments were performed in a standard two- 
compartment glass cell at 298 K. The counter electrode 
was a large platinum plate, and the reference electrode 
was a saturated calomel electrode (SCE). All potential 
values in the paper are presented versus the SCE. 

The CV measurements were performed with a po- 
tentiostat (Wenking, PCA72H), avoltage scan generator 
(Wenking, VSG 72), and a recorder (Servogor Goerz, 
XY 773). 

The EIS measurements were performed with an 
EG&G Princeton applied research model 273 poten- 
tiostat, and EG&G model 5315 lock-in amplifier con- 
trolled by an IBM PC computer. 

3. Results and discussion 

3.1. Cyclic voltammetly on pure lead 

The typical curve of cyclic voltammogram for the Pb 
electrode in a 5 M sulfuric acid solution obtained by 
sweeping the potential in a region from the potential 
of the hydrogen evolution to the potential of the oxygen 
evolution and reversing it cathodically to the starting 
potential is shown in Fig. 1. The potential sweep of 
a pure-Pb electrode in the positive direction first shows 
peak A, corresponding to the formation of PbSO, layer. 
Its formation proceeds via both a solid-state reaction 
and a precipitation from a soluble Pb(I1) species pro- 
duced by oxidation of the Pb electrode [43]. 
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Fig. 1 Cychc voltammogram on a Pb electrode in a 5 M H2S04 

solution, sweep i-ate 10 mV s-’ 

It has been pointed out by Pavlov [44,45] and Ruetschi 
[31] that the PbSO, film on Pb acts as a perm-selective 
membrane which becomes Impermeable to SO,‘- and 
HSO,- when it has reached a thickness of 1 to several 
pm. Only migration and diffusion of the H’ or OH- 
ions through the PbSO, intercrystalline spaces can occur 
to carry the current. Therefore, underneath the PbSO, 
membrane, the pH increases and tetragonal lead mon- 
oxide (tetra-PbO) and basic lead sulfates are formed. 
In the linear sweep voltammetry experiments, the ox- 
idation peak of Pb to PbO can be hardly noticed on 
voltammetric curves. Only when more sensitive mea- 
surements of the current in the anodic passivated region 
are made, small anodic current peak A2 can be observed, 
as it is shown in Fig. 1. 

At potentials above 1.0 V, the PbO of the corrosion 
layer is oxidized to non-stoichiometric PbO, (1 <n <2) 
which behaves as a semiconductor [3,15,16]. When the 
potential increases, n increases too and when the former 
reaches a critical value, a-PbO, nucleation will start. 
The crystal lattices of tetra-PbO and cw-PbO, are quite 
similar and therefore a-PbO, formation can be realized 
in the bulk of the oxide under the action of the 0 
atoms and 0‘ radicals which are products of the oxygen 
evolution [46]. a-PbO, is stable in alkaline solutions 
and therefore can be formed underneath the PbSO, 
perm-selective membrane. The other modification, 
P-PbO, is stable in acid solutions and therefore its 
formation occurs by PbSO, oxidation at the PbSO,/ 
H,SO, interface. Both (Y- and P-PbO, formation pro- 
ceeds by a nucleation growth mechanism [15, 471. 

Fig. 1 shows that no current maximum for the for- 
mation of any PbO, modification can be observed on 
the potential-current curve near the PbSOJPbO, po- 
tential. The increase in anodic current above about 1.8 
V signifies both the oxidation of PbSO, to P-PbO, and 
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the evolution of oxygen. The current peaks corre- 
sponding to a- and /3-PbO, formation can be only 
observed by cycling sweeping in a potential region 
between 0 V and the potential of oxygen evolution, as 
was reported by several authors [11,15,19]. It can be 
seen that the oxygen-evolution current exhibits large 
positive hysteresis, I.e., current recorded on the back- 
ward (negative-going) scan is much greater than those 
recorded on the forward (positive-going) scan at po- 
tentials above 1.7 V. This phenomenon can be explained 
in terms of the large nucleation overpotential required 
to initiate the growth of P-PbO, nuclei in the compact 
polycrystalline layer of PbSO, formed earlier in the 
forward scan. Since it is known that oxygen evolution 
proceeds on /3-PbO, [47] it can be assumed that on 
the forward scan there is always a delay in the ap- 
pearance of the oxygen-evolution current until sufficient 
@PbO, has nucleated and grown in the PbSO, layer. 
On the backward scan the nucleation of P-PbO, is of 
less importance because sufficient p-PbO, already exists 
and, hence, the oxygen-evolution current persists at a 
high level when the direction of the linear potential 
scan is reversed. 

Reversing the direction of potential sweep it can be 
seen that, during its early part, a complex mucture of 
anodic and cathodic activities can be observed. The 
complexity of voltammetric peaks are caused by sl- 
multaneous cathodic and anodic reactions that occur 
in this potential range. These are the PbO, discharge 
(peak C,) and the oxidation of the lead substrate and/ 
or some incompletely oxidized products of Pb, because 
an anodic current is not observed when PbO, is reduced 
on an inert substrate [17,48]. In the literature, the 
oxidation product has been suggested to be divalent 
[7,8], trivalent [9] as well as tetravalent lead [5]. Ac- 
cording to Sharpe [7,8] the structure of the anodic 
current is caused by an overlap of the reduction currents 
of both polymorphs a-PbO, and P-PbO,. /3-PbO, is 
reduced at higher and cu-PbO, at lower potentials of 
peak C,. 

As a result of the reduction of PbO,, the corrosion 
layer becomes thinner or is partially destroyed, and 
the anodic reaction of lead oxidation is accelerated at 
these places. The PbSO, layer is forming on the surface 
of the discharging PbO,. Due to its perm-selectivity 
the pH increases underneath it and the conditions for 
the lead oxide formation are fulfilled. As a consequence 
the rate of the reaction of lead oxidation decreases. 
Parallel to this process, there is a reduction of the 
non-stoichiometric lead oxide, PbO, (1 <II < 2) [32]. 
The reaction becomes dominating below 0.9 V in 5 M 
H,SO, and the current becomes cathodic. 

When the potential reaches a value of - 0.47 V, the 
cathodic peak C, appears. The potential and the current 
of peak C, depend on the polarization time, on the 
potential value at which the electrode was prepolarized 

anodlcally and on the sulfuric acid concentration. The 
longer the time of anodlc polarization, the more negative 
the potential of peak C, is and the higher the peak 
becomes [20]. The height of peak C, significantly in- 
creases with the increase of acid concentration (see 
section 3.3). It is widely accepted [13-15,20,21,44] that 
peak C, corresponds to the reduction of tetra-PbO. 
Recently Guo [22] has confirmed this by laser Raman 
scattering and X-ray diffraction. During the anodic 
oxidation of the lead electrode, a small amount of basic 
lead sulfate is formed in the PbSO, intercrystalline 
spaces [49,50] prior to that of tetra-PbO. Its amount 
is so small that the reduction peak cannot appear in 
the common linear potential sweep. 

At potentials lower than about -0.55 V, reduction 
of PbSO, occurs, which is reflected in the cathodic 
peak C,. 

3.2. Cyclic voltammetry on pure antimony 

From the previous paragraph it can be seen that the 
processes occurring during the polarization of Pb in 
sulfuric acid solutions have been well elucidated. It is 
not, however, the case with Sb, which electrochemical 
behaviour in sulfuric acid solutions has been system- 
atically investigated during the last few years [23-301. 

Cyclic voltammogram of an Sb electrode measured 
in the potential range from -0.8 to + 0.3 V in a 0.05 
M H,SO, solution saturated with Sb,O, is shown in 
Fig. 2. 

When Sb dissolves anodically it can be expected that 
when the concentration of Sb ions, close to the electrode 
surface, exceeds a certain value formation of a surface 
film will start leading to passivation of the electrode. 
Fig. 2 confirms this statement. The active dissolution 
of Sb ends with the first current maximum, A’, which 
is probably due to the formation of a surface film which 
starts to passivate the electrode. Inasmuch as the for- 
mation of antimony(V) species in sulfuric acid solution 
was not observed, even at higher potentials [26,30], the 
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solution saturated with Sb,03; sweep rate 1 mV se’. 
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other two current peaks, A” and A”‘, can only correspond 
to phase transitions in the Sb(II1) oxide/hydroxide 
surface layer. During the cathodic sweep a cathodic 
arrest C”’ and well-expressed current peak C’ at -0.32 
V can be observed. However, if the direction of the 
cathodic sweep is reversed just after the third anodic 
current peak, two cathodic current arrests could be 
observed before the current peak C’. 

Pavlov et al. [24] assumed that the anodic layer was 
built of amorphous SbOOH which forms a gel-like film 
containing water. The amorphous SbOOH layer in- 
teracts with sulfuric acid solution and is dissolved as 
SbO’ ions or some Sb(III)-hydrated species depending 
on the acid solution [29]. The amorphous, gel-like oxide/ 
hydroxide anodic layer only partly passivates the elec- 
trode and the dissolution of trivalent Sb continuous 
depending on the acid concentration [25]. 

After the third peak, the current decreases gradually 
and reaches finally a constant value (Fig. 2); the elec- 
trode surface becomes completely passivated. No oxygen 
evolution can be visually observed and no further current 
peaks appear. Thus, it can be concluded that the 
electronic conductivity is strongly inhibited at this elec- 
trode. Since SbOOH is a thermodynamically unstable 
species, it undergoes dehydration, as scanning proceeds 
to more positive potentials, leading to Sb,O,. The 
multiple anodic peaks can be interpreted as the nu- 
cleation and spreading of successive hydroxide/oxide 
layers, where the overall surface process can be sum- 
marized by the following reaction [51]: 

2Sb(s) + H,O * Sb,O,(s) + 6H’ (aq) + 6e- (I) 

E, = E” - 0.059 pH V; E, = - 0.1073 V (SCE) 

The single cathodic peak observed in cyclic voltam- 
mograms represents the reduction of the final oxidation 
product Sb,O, directly to Sb metal according to Eq. 

(I). 

3.3 Cyclic voltammetry on antimony-lead alloy 

Fig. 3 represents the cyclic voltammograms obtained 
on Pb-Sb alloy with 2.7% Sb in 5 M and 0.05 M H,SO, 
solutions, respectively. In a 5 M H,SO, solution a well- 
defined anodic peak A’ at 0.1 V and cathodic peak 
C’ at -0.2 V associated with the oxidation and the 
reduction of the respective Sb compounds can be seen. 
Comparing this voltammogram with the one obtained 
on the pure-Pb electrode (Fig. l), it can be noticed 
that the Sb oxidation starts to occur at the potential 
values at which PbO formation takes place under PbSO, 
perm-selective membrane, and the properties of PbSO, 
perm-selective membrane influences a great deal the 
current potential profile in this potential range [52]. 
The height of both peaks increases with the increasing 
Sb content. However, on the expanded current scale, 
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Fig 3. Cychc voltammograms on a Pb-2.7wt %Sb electrode m a 0 05 

M (upper curve) and 5 M (lower curve) H,SO, solution; sweep rate 

10 mV s-l 

three anodic peaks were observed in the positive going 
sweep and two cathodic peaks in the negative going 
sweep, even in the case of the Pb-Sb alloy with the 
Sb content of 1.3% [52,53]. The other current peaks 
in Fig. 3 correspond to the oxidation and reduction 
processes taking place on the pure-Pb electrode. 

By comparing the voltammograms of pure Pb with 
the ones of Pb-Sb alloys, it can be observed that: (i) 
the current increase due to oxygen evolution and PbO, 
formation on Pb-Sb alloys occurs always at higher 
potentials rather than on the pure-Pb electrode, and 
(ii) the anodic current, in the potential range of passive 
state, is greater on Pb-Sb electrodes than on Pb ones. 
From the first observation it can be concluded that the 
oxygen overvoltage on Pb-Sb alloys is higher than on 
the pure-Pb electrode, as was noticed by Sharpe [7,8], 
Mahato [12] and Ijomah [41]. On the contrary, Ruetschi 
and Cahnan [33] and Rogatchev et al. [39] reported 
that the oxygen overvoltage decreases with the increase 
of Sb concentration in the Pb-Sb alloy. The second 
observation can be explained by a larger porosity of 
the PbSO, layer on the alloy surface than on the surface 
of pure Pb. Higher porosity of the PbSO, formed on 
Pb-Sb alloys rather than on pure Pb was noticed by 
many authors [8,31,35,41,42], and was confirmed by the 
examination of a microstructure of the Pb-Sb alloys 
and morphology of the PbSO, crystals [32,34,36], as 
well as by the impedance measurements [37]. A higher 
PbSO, porosity means that the PbSO, layer becomes 
less perm-selective, preventing the pH rises to the same 
extent as on a pure-Pb electrode. This may be the 
reason why during the anodic oxidation of the alloy 
electrode, the amount of PbO was found to be less 
than on a pure-Pb electrode [16]. As a consequence, 



R. Babk et al i Journal of Power Sources 52 (1994) 17-24 21 

cathodic peak C, decreases when the Sb content of 
the alloy increases. 

Fig. 3 shows the effect of acid concentration on the 
cyclic voltammogram of PbSb electrode. The apparent 
shift of the PbOJPbSO, potential is associated with 
the acid concentration. The oxygen overpotential is also 
increased with the increase of acid concentration. It 
can be seen that there is a rather strong influence of 
the acid concentration on current peak C, and the 
anodic activity taking place prior to or after the peak 
C& This is a result of the ease of Pb passivation and 
slower kinetics of PbSO, to PbO, conversion with the 
increase of acid concentration. 

The increased cathodic peak Cz, observed at higher 
concentration of sulfuric acid, is the reflection of a 
greater anodic oxidation of the Pb substrate as a tetra- 
PbO underneath the PbSO, film. The non-permeability 
of SO,‘- and HSO,- ions in the PbSO, film apparently 
increases with the increase of acid concentration, re- 
sulting in a greater amount of tetra-PbO as the anodic 
product in a more concentrated sulfuric acid solution. 

The voltammograms in Fig. 3 show that the area of 
the anodic peak assigned to Sb oxidation is greater 
than that of the corresponding cathodic peak. This is 
due to the formation of soluble Sb complexes or ions 
which, passing through the pores of the PbSO, layer, 
leave the electrode. This can be proved by the cathodic 
peak height dependence on the ratio between the rates 
of the negative and positive sweeps. 

Fig. 4 presents two voltammograms with decreasing 
v,/v, ratio at a constant v,= 1 mV s-l. It can be seen 
that the cathodic peak height C’ appears on the vol- 
tammogram obtained with the higher negative sweep 
rate. Under these conditions it can be assumed, that 
at the upper potential limit, the state of the electrode 
is one and the same for both voltammograms. At a 
low cathodic sweep rate (vc = 2 mV SK’ for the vol- 
tammogram in detail of Fig. 4), the Sb(II1) species 
have enough time to leave the pores without being 
reduced At the high negative sweep rates, they are 
still in the pores when the potential reaches the range 
of thermodynamic stability of Sb and a current peak 
C’ is observed (vc= 20 mV s-l for the voltammogram 
in Fig. 4). Similar behaviour of Sb species during the 
anodic oxidation of Pb-12wt.%Sb alloy in a 0.5 M 
H,SO, solution was observed by Pavlov and Monahov 

WI. 

3.4. Electrochemical impedance spectroscopy data 

The impedance measurements were performed at 
potentials where an oxide passive layer is produced 
anodically on Pb and Pb-Sb alloys under the perm- 
selective PbSO, membrane. At the same potential value, 
the impedance measurements were also performed on 
the antimony electrode in 0.5 M H,SO, saturated with 
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Fig. 5. Nyqmst plots for (T) Sb, (+) Pb, and Pb-Sb alloys (W) 1.3 

wt.%, (A) 2.7 wt.% and (0) 3.7 wt % in a 0.5 M HZSO, solutlon. 

Sb,O,. The results obtained are presented in the Nyquist 
and Bode plots in Figs. 5 and 6. The impedance diagrams 
obtained exhibit a capacitive contribution and the ca- 
pacitative loop diminishes with the increase of the Sb 
content in the alloy. The impedance spectrum obtained 
on Sb shows the characteristic charge-transfer resistance 
semicircle, albeit limited by diffusion. The shape of 
capacitative loops, thus obtained, indicates that two 
time constants exist in the impedance spectra of pure 
Pb and Pb-Sb alloys, as well as on the Sb electrode. 
This was the reason why the impedance spectra were 
fitted using the equivalent circuits, shown in Fig. 7. 
The values of the equivalent circuit elements obtained 
are listed in Table 1. 
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i O3 

Ftg. 6 Bode plots for Sb and Pb-Sb alloys as in Fig 5 

Fig. 7. Equivalent circmts proposed for Sb and Pb-Sb 

M H,SO, solution. 
ma05 

More than one time constant has been noticed on 
both, Sb [54] and Pb electrode [55] in sulfuric acid 
solution. Based on the results obtained by the cyclic 
voltammetry and impedance measurements, Bojinov and 

lo2 lo3 lo4 lo5 
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Pavlov [54] have proposed a two-layer structure of the 
oxide film on antimony, which was formed by anodrc 
oxidation in 0.5 M H,SO, solution. 

Investigating a pure-Pb electrode in a 0.5 M H,SO, 
solution in a potential range in which a composite 
PbSO, + oxide passive layer is produced anodically, 
Varela et al. [55] have found that the system exhibited 
a capacitative contribution with two time constants. 
They have shown that the time constant at higher 
frequencies diminishes gradually with the decrease of 
the electrode potential and almost disappears at po- 
tentials where the passive layer consists of a single 
species PbSO,, and, accordingly, it was attributed to 
the oxide passive layer. Consequently, the capacitive 
loop at relatively low frequencies was associated with 
the outer PbSO, layer. 

Accordingly, the resistance and capacitance values 
presented in Table 1 can be correlated with the outer 
PbSO, layer and inner oxide layer in the case of Pb 

Table 1 

Fit parameters for the experiments in Figs 5 and 6 usmg the equivalent circmts m Fig. 7 

Electrode 

Pb 

Pb-1 3wt %Sb 

Pb-2 7wt %Sb 

Pb-3 7wt.%Sb 

Pb+ Swt.%Sb 

Sb 

RI 
(Cl cm’) 

1 00 

1.01 

099 

1.17 

0.92 

1.00 

Ql 
(a-’ cm-’ 

s” x 1Oh) 

4 60 

5 60 
7.10 

9.40 

8.30 

52.0 

n 

0.94 

0 91 
0 91 

0.85 

087 

0.93 

& R, 
(kfi cm’) (kfl cm’) 

847 4 73 

8 15 4 36 
6 73 2.53 
6.11 1.41 
5.43 145 
0.04 0.50 

C Q* n I 

(pF cm-‘) (a-’ cm-’ ;:I cm-L 

s” x 10”) s-“5x 103) 

1100 

18.20 

30.00 

285 00 

219 00 

75 00 0.62 2 30 



R BabrC et al. / Journal of Pouter Sources 52 (1994) 17-23 23 

and Pb-Sb alloys and two oxide layers in the case of 
pure antimony. The inner oxide layer on the antimony 
electrode shows a higher resistance than the outer one. 
The similar observation was noticed by Bojinov and 
Pavlov [54], although the resistance values m this re- 
search are somewhat lower, probably due to different 
electrode pretreatments. 

Alloying with Sb causes the decrease m resistance 
m both sulfate and oxide layer on Pb-Sb alloys, and 
with the increase of the Sb content the layer resistance 
decreases. 

This observation is in accordance with the cyclic 
voltammetry results, and confirms the results presented 
in the literature [8,31,35,41,42]. 

4. Conclusions 

The electrochemical behaviour of Pb, Sb and Pb-Sb 
binary alloys has been studied as a function of the 
concentration of sulfuric acid and Sb in the Pb alloy. 
The investigation was performed by means of cyclic 
voltammetry and impedance spectroscopy methods. 

Cyclic voltammetry, performed between the hydrogen 
and oxygen ‘evolution and over narrower regions of 
potential coupled with systematic variation of the scan 
rates and the positive or negative reversal potential, 
has revealed more details on the oxidation and reduction 
processes in the potential region of Pb(II)-, Pb(IV)- 
and Sb(III)-containing species which give further insight 
into the nature of the reactions of the lead/acid battery. 

The current increase due to PbO, formation and 
oxygen evolution on Pb-Sb alloys always occurred at 
higher potentials than on pure-Pb electrode indicating 
that, in spite of high and unknown surface roughness 
in this potential range, the oxygen overpotential on 
Pb-Sb alloys is higher than on a pure-Pb electrode. 

In the potential range of the passive state, the anodic 
current was found to be greater on the Pb-Sb electrodes 
than on Pb one explained by a larger film porosity on 
the alloy surface. The impedance measurements per- 
formed in the potential range of lead oxide, in which 
Sb oxidation in the alloys takes place, shows a decrease 
in film resistance caused by increasing Sb content. 
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