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The corrosion behaviour of  P b - S e  alloys (Se: 0.00, 0.01, 0.04 and 0.06%) to be used in the manu-  
facture of  grids for pasted lead-ac id  batteries, was studied under  open circuit, potentiostatic and 
galvanostatic polarization in 5.0 M H z S O  4 solutions. Selenium was found to shift the corrosion poten- 
tial to more  negative values and increase the sulfation and self-discharge; the extent being dependent  
on the percentage of  selenium. The potentiostatic E / log  i curve was significantly influenced, especially 
the passivity region f rom -0 .90  to +1.30 V vs H g / H g 2 S O  4 (1.0 M H 2 8 0 4 )  , where the passivity current  
and the critical current  and potential to start the nucleation of  PbSO4 decreased in the presence of  
selenium. Both oxygen and hydrogen evolution overpotentials were found to be higher for the alloys 
containing selenium. In many  aspects, the alloy composit ion Pb-0 .04% Se was found to be critical. 
Factors affecting the constant  current  charging; the charging time, temperature and the number  
of  charging-discharging cycles, N, were investigated. Generally, the corrodability of  P b - S e  alloys 
was relatively higher and increasing N was found to increase corrosion in the order: P b -  
0.04% Se > Pb-0 .01% Se > Pb-0 .06% Se > Pb. As the charging time increased, the rate of  corro- 
sion decreased for P b - S e  alloys while it was constant  for Pb. 

1. Introduction 

The corrosion of the grid of lead-acid batteries plays 
a key role in determining the durability and the life of 
the battery. Numerous lead alloys have been tested for 
the manufacture of grids of pasted batteries, especially 
Pb-Sb and Pb-Ca without or with other elements 
[1-28]. Although many lead alloys have desirable 
mechanical and casting properties, they suffer more 
or less from electrochemical corrosion, mostly due 
to overcharging and self-discharging. In severe cases 
of corrosion the battery fails to supply the expected 
energy and/or can not be recharged effectively. The 
widely used Pb-Sb grids usually contain minute 
amounts of other elements either purposely or as 
impurities and these elements have a noticeable influ- 
ence on the grid performance [1, 6, 9, 13-15, 27]. 

To explore the effect of minor alloying elements 
(namely, Se, As, Sn and Cu) on the corrosion 
behaviour of Pb-Sb grids, it is intended to study the 
corrodabifity of binary alloys of Pb and each of Se, 
Sn, As and Cu, separately at first. Subsequently, 
some combined Pb-Sb-Se-As-Sn-Cu  alloys will 
be investigated. These low antimony alloys have 
recently received some interest [22, 24, 29-31] and 
are currently used in the manufacture of grids at the 
Chloride Egypt Company for Batteries. 
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This paper reports work on the behaviour of Pb-Se 
alloys (Se%: 0.00, 0.01, 0.04 and 0.06) under open- 
circuit and potentiostatic and galvanostatic polariz- 
ation in 5.0M H2SO4 solutions under different 
conditions. 

2. Experimental details 

The electrodes in the form of discs (apparent surface 
areas 0.196cm 2) were cut from cylindrical rods of 
spectroscopically pure lead (Johnson-Matthey) and 
Pb-Se alloys (nominal Se%: 0.01, 0.04 and 0.06). 
The alloys were cast by addition of known weights 
of specpure Se under nitrogen atmosphere to molten 
lead at 500 °C. The temperature was maintained for 
three hours to ensure complete dissolution of sele- 
nium, then the melt was poured in cylindrical ceramic 
moulds and the cast rods were removed from the 
moulds at about 150 °C. The exact percentages of 
selenium in the alloys were determined by atomic 
absorption spectrophotometer (Perkin-Elmer 2380) 
to be 0.011, 0.039 and 0.062 for Pb-0.01% Se, Pb-  
0.04% Se and Pb-0.06% Se, respectively. The elec- 
trodes were mechanically polished with successively 
finer grades of emery paper down to 4/0, 0.05 #m 
alumina, cleaned thoroughly on wet tissue and, finally, 
rinsed with distilled water. 5.0 ~ H2SO 4 solutions were 
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prepared from AR grade sulphuric acid stock and 
triply distilled water. All potentials were measured 
and referred to a Hg/Hg2SO4/1.0MHzSO 4 reference 
electrode. The electrolytic cell and the Wien type a.c. 
bridge were essentially the same as described else- 
where [32]. The cell impedance was balanced against 
a series connection of calibrated variable resistance 
and capacitance boxes at 1.0 kHz. After attainment 
of the steady state, the effect of frequency, f ,  on C 
and R was traced in the range 200-10 000 Hz. Com- 
plex plane impedance plots (21rfC) -1 against R were 
drawn and the phase shift angle, 0 = d(21rfC)-~/dR, 
was determined: Steady potentiostatic polarization 
curves were traced with the aid of a scanning potentio- 
stat (EG&G Model 362) and a digital multimeter. 
Galvanostatic polarization was carried out by using 
an electronic constant current unit and an X - Y  
recorder (Cole-Parmer model LY 1400). All experi- 
ments were carried out at constant temperature of 
30 4- 0.1 °C in a double walled electrically controlled 
air thermostat. 

3. Resul ts  and discussion 

3.1. Open-circuit sulphation 

The open-circuit potential, Eoc, the capacitance, C, 
and the resistance, R, of the electrodes were traced 
with time in 5.0M H2SO 4 solution at 30°C until 
more or less stable values were attained. As seen in 
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Fig. 1. Variation of capacitance, C, (a) and resistance, R, (b) of 
Pb-Se electrodes in 5.0 M H2SO4 solutions at 30 °C: (O) Pb, (A) P b -  
0.01% Se, (D) Pb-0.04 Se and (O) Pb-0.06%Se. Frequency: 
1.0 kHz. 
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Fig. 2. Dependence of the steady open circuit potential, E s c (O) and 
the parameter 0' (A) on Se%. The horizontal arrow refers to the 
redox potential Pb/PbSO4 in 5.0 M H2SO4, (O) Eoc at zero time. 

Fig. 1, C decreases and R increases with time as a 
result of sulphate layer formation. At the steady 
state, the faradaic contribution is negligible and the 
capacitance is approximately given by: 

C/cr = Cda(1 - 0) + OCs (1) 

where C~u is the double layer capacitance in the 
absence of specific adsorption, Cs is the sulphate 
layer capacitance, 0 is the surface coverage and cr is 
the roughness factor. Equation 1 may be used to esti- 
mate the degree of surface coverage by monolayer 
adsorbed organic inhibitors [33, 34]. The roughness 
factor was estimated by extrapolation of C to zero 
time, i.e. 0 ~ 0, and thus 

Ct---+ O o- - (2) 
Cdl 

From the literature, C~u ~ 17#Fcm -2 [35] and the 
average cr was found to be 2.5. For the sake of com- 
parison, the parameter 0' = 0(Cd] -- Cs) = Ca1 - C/a  
was calculated to represent the degree of surface 
sulphation. Fig. 2 shows the dependence of 0' and 
the steady open-circuit potential, ESc, on Se%. As 
the percentage of Se increases, 0' increases and ESc 
shifts to more negative values. This indicates that 
the corrodability of the alloy and formation of 
stdphate increases with percentage of Se. It seems 
that selenium activates the sulfation process by acting 
as a cathodic centre for oxygen reduction or hydrogen 
evolution. Table 1 summarizes the most probable 
redox processes for Pb in H2SO 4 at 30°C. The 
observed E~¢ values are close to the reversible poten- 
tial of PbSO4 formation. Figure 3 shows the complex 
plane impedance plots for the alloys in 5.0 M H2SO 4 
solutions (frequency range 200-10 000 Hz). The capa- 
citative component (imaginary part) of the impedance 
varies linearly with the resistive component (real part) 
and the impedance tends to be capacitative as the per- 
centage of Se increases. The deviation of the phase 
shift angle, 0, from the purely capacitative value 
(0 = 90 °) indicates that the sulphate layer can not be 
treated as a perfect dielectric and leakage through 
the layer occurs. As the percentage of Se increases 
the insulating properties of the layer increase in agree- 
ment with the reported increase of the surface cover- 
age 0' (Fig. 2). 
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Table 1. Redox processes of lead in HzSO 4 acid solutions, standard redox potential, E °, and the redox potential in 5.0 M H2SO 4 solutions at 
30°C, E 

Process E° /V E/V 
(VS Hg/Hg2S04/1.O M H2S04) 

PbSO4 + 2e- = Pb + SOl-  
E = E ° - 0.03 logas~-  

PbO + 2H + 2e- = Pb + HzO 
E = E o _ (0.06/2) log aZH +/aH20 

PbO.  PbSO4 + 2H + + 4e- = 2Pb + SO,]- + H20 

e = E ° - (0.06/4) loga~+/aso ]- x at{2o 
3PbO. PbSO 4 • H20 + 6H + + 8e- = 4Pb + SO 2- + 4H20 
E = E ° - (0 .06/8) loga6+/as~-  x a42o 

PbO2 + 2H + + 2e- = PbO + H20 

E = E ° + (0.06/2)log a#H+/an2 o 

PbO2 + 4H + + SOl-  + 2e- = PbSO4 + 2H20 
E = E ° - (0.06/2) log a4+as~-/a~2 o 

-1.038 -1.044 

-0.434 -0.452 

-0.795 -0.801 

-0.652 -0.660 

0.425 0.443 

1.005 0.962 

For  5.0 M H2SO 4, the mean activity coefficient, 7 +  = 0.25 and molality, m = 6.3. Total activity of  H2SO4, a = 473 . The activity of water in 
5.0 M H2SO 4 solution was taken 0.6 [35]. 

3.2. Potentiostatic polarization 

Prior to polarization, the electrodes were held at a 
potential of  -1 .6  V for 30 min to remove any surface 
reducible layers. The potential was then increased in 
the anodic direction in 10-50mV steps and the 
respective quasisteady current was recorded within 
2-10rain.  The potential was changed from -1.600 
to +1.800 V to cover the range of  the hydrogen evolu- 
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don to oxygen evolution region. Anodic E/logi 
curves for Pb-Se  alloys in 5.0 M H 2 S O  4 solutions are 
shown in Fig. 4, where a significant effect of  selenium 
is observed, especially, in the passive region from 
-0.900 to 1.300V. In region I ( - 1 . 0 V  to Ec), the cur- 
rent increases due to the almost reversible dissolution 
of Pb to Pb 2+ [36] until a critical passivation potential, 
Ec, is attained, where PbSO4 starts to precipitate. 
Thereafter the current decreases rapidly to a more 
or less short passive region II' (i --- 0.03 mA cro -2) 
before it decreases again and passivity is established. 
The length of  region II' decreases as the percentage 
of  Se increases; this behaviour is related to the 
formation of  the primary passivating PbSO 4 layer. 
The passivity current, .II Z p, was taken as the minimum 
current recorded in region II (PbSO 4 formation 

• Ii for lead is region). It should be mentioned that tp 
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Fig. 3. Complex plane impedance plots for Pb-Se alloys in 5.0 M ~ " 
H2SO4 solutions at 30 °C after the attainment of  the steady state. 
(0)  Pb, (O) Pb-0,01%Se, (A) Pb-0 .04%Se and ( D ) . P b  . . . . . . . . . . . . .  
0.06%Se. Inset: Phase shift, 0, against Se%. ( . . . . .  ) Pure 
capacitative impedance and ( . . . .  ) diffusional 'Warburg'  
impedance. 
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Fig. 4. Quasisteady potential-log (current) curves for Pb-Se elec- 
trodes in 5.0M H2SO 4 solutions at 30°C: (0)  Pb, (&) P b -  
0.01% Se, ( [ ] )  Pb-0.04% Se and (©) Pb-0.06% Se. 
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E = 1.500 V, i o (V) on Se%i Inset: hydrogen evolution current at 
E = -1.300V, ii~2 against Se%. 

even higher than the critical passivation current, ic, in 
contrast to Pb-Se alloys. 

In region III, PbO grows under the PbSO 4 layer 
[17, 37-39] and the current, i!II~ increases gradually 
until~ :the onset of oxygen evolution. The current in 
region III for lead is practically constant but still 
much higher than for Pb-Se alloys. Oxygen evolu- 
tion and PbO2 formation occur in region IV: 
Selenium appears to inhibit oxygen evolution but 
without a noticeable effect on the reaction mechan- 
ism. A similar effect was observed on the hydrogen 
evolution reaction. 

Figure 5 shows the dependence of'the various elec- 
trochemical parameters on the percentage of Se. All 
the parameters, Ec, ic, t'IIp, i m and lo2', trig", decrease 
in the presence of selenium and the alloy Pb- 
0.04% Se seems to be a critical composition. Among 
the Pb-Se alloys tested, Pb-0.04% Se showed the 
best passivity, the  highest oxygen overpotential and 
the lowest hydrogen 0verpotentiaL 

3.3. Galvanostatic polarization 

The electrodes were subject to the following galvano- 
static polarization program at 255#Acm -2 (in 
sequence): cathodic polarization until the potential 
became steady ~ charging for 30 min ~ discharging 
to the steady potential before charging ~ a second 
charging for 30min--+ circuit opening and reading 
of potential decay. Figure 6 illustrates the galvano- 
static polarization curve for Pb-0.04% Se in 5.0ra 
H2SO 4 solution and the different electrochemical 
processes at the observed potential arrests are 
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Fig. 6. Alternative anodic-cathodic-anodic polarization at 
255#Acre -2 and the following potential decay for Pb-0.04% Se 
in 5.0 M H2SO4 solutions at 30 °C. 

summarized in Table 2. The arrests corresponding to 
PbSO 4 formation and PbSO 4 and PbO- PbSO4 reduc- 
tion occur very close to the respective redox potentials 
(cf. Tables 1 and 2). The arrest at ~ 0.40 V is much less 
pronounced for Pb-0.01% Se and Pb=0.06%Se. It 
occurs close to the reversible potential of PbO/PbO2 
transformation and refers to the start of PbO2 forma- 
tion from lower oxides under the sulphate layer. The 
highly protective PbSO4 layer impedes the transport 
of sulphate species to the metal surface and the envir- 
onment under the layer becomes less acidic, that is, 
PbO formation is more favoured. Potentiostatic 
results revealed that the highest passivi.ty (PbSO 4 
layer protection) is due to Pb-0.04% Se which agrees 
with the more pronounced appearance of the arrest at 
about 0.40 V. The quasisteady potential reached after 
current interruption is very close to the PbO/Pb redox 
potential ~ -0.40 V and indicates the transformation 
of PbO 2 ~ PbO during the decay. After much longer 
times (depending on the charging capacity), E~c is 
reached due to the transformation of PbO to the 
thermodynamically more stable PbSO4 in 5.0M 
HzSO 4 solutions. During the potential decay, sub- 
stantial variations in C and R occurred as can be 
seen in Fig. 7. The decrease in C and increase in R 
with time indicate the growth of an insulating layer. 
This is consistent with the transformation of the con- 
ducting PbO2 into the insulating PbO and PbSO4 by a 
self-discharge process. The potential decay of a -thin 
PbO2 layer (Q = 1.8 C cm -2) showed a linear varia- 
tion with time at the beginning of the self-discharge 
process (excluding the first 1-3 min)~ The initial rate 
of potential decay increased significantly in  the pre, 
sence of selenium (cf. Fig. 7). This confirms the role 
of selenium in enhancing the self-discharging. In this 
respect, Pb-0.04% Se shows the least effect. It should 
be noted that no arrest was observed for PbO 2 --~ PbO 
transformation during discharge but a very short 
arrest corresponding to PbO2 ~ PbSO4 occurred at 

1.0 V. The arrest period of the latter process was 
found to be much smaller than those of PbSO4 .and 



686 A . G .  G A D A L L A H ,  H. A. A B D  E L - R A H M A N  A N D  M. A B D  E L - G A L I L  

Table 2. Electrochemical processes occurring during the cyclic galvanostatie polarization at c.d. = 255 #A cm -2 for Pb Se alloys in 5.0 M 
H2S04 solutions at 30 °C 

f Process % Se E/V Q* /C cm -2 11'8o2 

First oxidation arrest (sulphate formation) 0.00 -0.980 0.031 
0.01 -0.998 0.107 
0.04 -1.000 
0.06 - 1.000 

0.00 ~ * 
0.01 :~ 
0.04 0.36 
0.06 f t 

Second oxidation arrest 

Third oxidation arrest (oxygen evolution and oxide formation) 

First reduction arrest (Pb 4+ ~ Pb 2+) 

Second reduction arrest (basic sulphate reduction) 

Third reduction arrest (sulphate reduction) 

Quasisteady decay potential after charging 

0.00 1.40 0.413 0.72 
0.01 1.28 0.337 0.99 
0.04 1.30 0.413 0.83 
0.06 1.30 0.352 0.83 

0.00 1.14 0.038 
0.01 1.10 
0.04 1.04 0.015 
0.06 1.07 t 

0.00 -0.74 0.115 
0.01 -0.80 0.092 
0.04 -0.78 0.107 
0.06 -0.78 0.061 

0.00 - 1 . 0 4  0.214 
0.01 -1.04 0.362 
0.04 - 1.04 0.275 
0.06 -1.03 0.321 

0.00 -0.36 
0.01 -0.44 
0.04 -0.40 
0.06 -0.41 

* Q value are given for the 1st cycle. 
f Arrest does not appear well defined. 

Arrest is absent. 

PbO.PbSO4 reduction. This is attributed to the 
self-discharge process between the PbO2 layer and 
the underlying lead (Pb) which runs parallel to the 
electrochemical reduction of PbO2. As a result, the 
amount of Pb 2+ species increases substantially. The 
self-discharge of PbO2 also occurs through oxygen 
evolution and hydrogen oxidation [6, 40, 41]. 

The charge densities, Q, consumed in the various 
electrochemical processes (arrest time x current den- 
sity) are given in Table 2. The total anodic and catho- 
dic charge densities, Qca and Oan, are given by 

f 
Qan = OPbsO4 q- Ofbo2  q- Ofo2 (3) 

O c a  r r r 
= QPbO2 -t- QPbO.PbSO4 + QPbSO4 (4) 

where superscripts 'f '  and 'r' refer to formation and 
reduction, respectively, and the charges consumed in 
soluble Pb 2+ formation and oxygen reduction are 
neglected. It is also assumed that self-discharge 
occurs essentially according to the reaction [41] 

PbO2 + Pb + 2H2SO4 = 2PbSO4 + 2H20 (5) 

The charge due to the self discharging (Equation 5), 

QSD, is given by 

QSD = 1/2(Q~bo.PbS04 + QPbSO4) - Q~'bO2 (6) 
f and the charge consumed in PbO2 formation, Qpbo2, 

is thus 

Qfbo2 = 2(Qpbo2 + QSD) (7) 

Ipbo, can be esti- The efficiency of PbOz formation, f 
mated from the relation: 

ifPbO2 = (QPbo-PbSO4 + QPbSO4) (8) 

Qan 

As may be seen in Table 2, the efficiency of PbO2 
formation increases in the presence of selenium and, 
consequently, oxygen evolution should decrease as 
observed in the potentiostatic part. Table 2 shows 
that Qca is essentially the charge consumed in the 
reduction of Pb 2+ which results mainly from the 
self-discharge of PbO2. 

Qca may be taken as an index for the corrodability 
of the alloy under one and the same conditions. In the 
following part, the factors affecting the corrodability 
are presented. 
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Fig. 7. Variation of the open circuit potential, Foe, capacitance, C, and resistance, R, of Pb-0.04% Se electrode with time after interrupting 
the charging current. The current 510 #Acm -2 was passed for 3 h. The solution was 5.0 M H2SO4. Temperature: 30 °C. Inset: initial rate of 
potential decay, dEoo/dt against Se%. The alloys were charged at 510 #A cm -2 for 60 rain before the decay. 

3.3.1, Charging time. The electrodes were charged 
with a constant current density of 255 # A c m  -2 for 
different times and the respective Qca values were 
determined from the discharge E/time curves. 
Figure 8 shows that Qca increases linearly with the 
charging time for lead whereas Qca decreases with 
the charging time for Pb-Se  alloys. Up to 90rain 
charging, Qca for Pb -Se  alloys is higher than that of 
Pb but the situation is reversed at longer charging 
times, i.e. Qoa for Pb is higher. The results may be 
explained in terms of  change in efficiency of  PbO2 
formation during the charging process. Potentiostatic 
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Fig. 8. Total cathodic charge, Qca against the charging time. The 2 electrodes were charged and discharged at 255 #Acre- in 5.0 M 
H2SO 4 solutions. Temperature: 30°C, (O) Pb, (©) Pb-0.01% Se, 
(iX) Pb-0.04% Se and ([3) Pb-0.06% Se. 

and galvanostatic results showed that the efficiency 
of  PbO2 formation is relatively higher for Pb-Se  due 
to the increase in overpotential of  the oxygen evolu- 
tion reaction. This situation seems to be fulfilled in 
the early stages of  PbO2 formation. As the charging 
becomes deeper, the probability of oxygen evolution 
on the formed PbO2 layer rather than on the under- 
lying metal surface increases. It appears that the 
kinetics of  oxygen evolution on the PbO2 layer 
formed on Pb-Se  alloys are more facile than on those 
on Pb. This may be due to the physical and chemical 
properties of  the growing PbO2 layer and the initially 
formed PbSO4 layer. The important conclusion is that 
grids made of  Pb -Se  alloys suffer relatively less cor- 
rosion when subject to prolonged charging; P b -  
0.01% Se < Pb-0 .04% Se < Pb-0 .06% Se < Pb. 

3.3.2. Charging rate and temperature. The P b -  
0.04%Se alloy was charged by using different 
current densities until a constant charge was 
consumed (Qan = 5.08 C cm -2) and the respective Qoa 
values were determined from the discharge curves at 
255#Acre  -2 and 30 °C. At different temperatures, 
the alloy was also charged for 60rain at 
255#Acm -2 and discfiarged at the Same current 
density (c.d.). As can be seen in Fig. 9, Qoa decreases 
markedly as c.d. increases while it increases as 
temperature rises up to 30 °C, then decreases slowly. 
The decrease in PbO2 formation efficiency as c.d. 
increases may be attributed to the decrease in oxygen 
evolution overpotential. Thus, charging at higher 
current densities is associated with lower corro- 
dability of  the grid. The increase in PbO2 formation 
efficiency as temperature rises is usually explained in 
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Fig. 9. Dependence of the total cathodic charge, Qca, on logarithm 
of current density (a) and temperature (b). Details in text. 

terms of  improving the electrolyte performance 
(resistivity and viscosity) [42]. At temperatures 
> 30 °C, the electrolyte has a negligible effect and the 
efficiency starts to decrease with rising temperature 
probably due to the increase in charge consumed in 
the formation of  the PbSO 4 layer, the solubility of 
which increases with rising temperature [43]. 

3.3,3. Charging cycles. The alloys were subjected to 
alternative cathodic and anodic polarization cycles 
at c.d. 5.1 m A c m  -2 in 5.0M H2SO4 solutions (half 
cycle time: 10rain) and Qca was determined by 
discharge at 255#Acre  -2. The time of the cathodic 
half  cycle was found to b e  sufficient to ensure 
complete discharge. After complete discharge, the 
polarity was reversed and the charge consumed in 
PbSO 4 formation, f Q PbsO4, was determined. Figure 
10 shows the dependence of Qca on the number of  
polarization cycles, N. Qca increases linearly with 
N for Pb-0 .01%Se,  irregularly but substantially 
for Pb-0 .04% Se and almost negligibly for P b -  
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Fig. 10. Dependence of the total cathodic charge, Qca, on the 
number of galvanostatic polarization cycles, N. Lower part of the 
Figure shows the polarization program. Temperature: 30 ° C. Elec- 
trolyte: 5.0M H2SO 4, (@) Pb, (©) Pb-0.01% Se, (A) Pb-0.04% Se 
and (~) Pb-0.06% Se. 
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Fig. 11. Dependence of the charge consumed in PhSO 4 for- 
mation, Qfbso4  o n  the number of polarization cycles, N. Tempera- 
ture: 30 °C. Electrolyte: 5.0 M H2SO 4. (@) Pb, (O) Pb-0~01% Se, (A) 
Pb-0.04% Se and (~)Pb-0.06% Se. 

0.06% Se and Pb, After a few cycles, Qc~ is generally 
higher for Pb -Se  alloys and Pb-0 .04% Se shows the 
greatest effect of  cycling on the efficiency of PbO2 for- 
mation. Due to theself-discharge process, the polari- 
zation cycles are expected to increase the corrodable 
layer thickness, that is, thicker spongy-sulphate layer 
growth, f Q ebSO4 is a measure of  the thickness of  such 
a layer and is shown as a function of  number of  polar- 
ization cycles in Fig. 11. The figure shows clearly that 
the corrodable layer thickness increases with increas- 
ing number of polarization cycles and Se content. It 
is concluded that the corrodability of the grid made 
of Pb-Se  alloys increases substantially as tile number 
of  charging-discharging cycles increases. 

4. Conclusion 

Selenium was found to affect the electrochemical 
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behaviour of lead in 5.0~ H2SO 4 solutions. It 
increases the sulphation and enhances the discharge 
process. Corrosion during charging also increases 
due to the increase in the oxygen evolution overpoten- 
tial. The alloy Pb-0.04% Se was found to be critical 
among the different Pb-Se alloys; passivity current, 
self-discharge rate, hydrogen evolution overpotential 
and critical passivation potential are minimum for 
this composition. 
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