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The corrosion behaviour in sulphuric acid of  monotect ic  P b - 6 3 w t % C u ,  hyper-monotectic 
P b - 3 0 w t  % Cu, and P b - 1 0 w t  % C u  was investigated and compared to that of  Cu, Pb, as well as 
Pb-Ca ,  and P b - C a - S n  battery-grid alloys. On anodic polarization of  pure Cu and P b - C u  alloys, 
dissolution of  the copper phase markedly increases as the potential is increased above the Cu/Cu 2+ 
reversible potential, which is above the passive potential for lead and lead battery-grid alloys. A 
limiting current and pseudo-passive transition attains, and the pseudo-passive current decreases with 
decreasing bulk copper content of  the alloy. Extensive selective 1caching of  copper from the 
30 wt % Cu alloy produced a highly porous layer of  spongy lead, and the subsequent anodic polariza- 
tion behaviour (without repolishing the sample surface) showed a reduction in pseudo-passive 
corrosion rates to values ~ 20 times greater (referred to unit geometric area) than the passive current 
of  pure Pb and lead battery-grid alloys. This difference was attributed partly to dissolution of  
redeposited copper but  mainly to the large effective surface area of  the remaining porous lead network. 
The possible use of  P b - C u  alloys as high-conductivity battery-grid alloys is discussed. 

1. Introduction 

During the 1970s, Pb-Sb alloys usually containing 4 
to 12 wt % Sb were used as grid materials in lead-acid 
batteries. In recent years, these are being replaced by 
Pb-Ca alloys which are found to be more suitable 
because of the elimination of the "gassing" problem. 
In these alloys, grain-size and the distribution of the 
precipitates are important factors for sound grids 
which are able to resist corrosion and grid growth. 
The addition of Sn improves the mechanical proper- 
ties and consequently, the cycle-life of a battery. At 
present such Pb-Ca-Sn alloys have found use mainly 
as positive grids in "maintenance-free" SLI batteries. 

The search for alloys which may improve the effic- 
iency of the battery still continues. Introducing a more 
conductive grid would reduce the size and the weight 
of the battery~ With the existing system, an easy way 
of improving the conductivity and hence the efficiency 
is to incorporate a continuous high conductivity metal 
phase into essentially pure lead. On possible candidate 
is the Pb-Cu alloy system. This paper investigates the 
electrochemical behaviour of this alloy system over a 
broad composition range with the objective in mind of 
its possible future use as a commercial battery grid. 

The Pb-Cu system displays a liquid-liquid miscibil- 
ity gap [1] and the associated monotectic reaction 
(Liquid 1 = Solid l + Liquid 2). Employing direc- 
tional solidification techniques, the behaviour and 
subsequent microstructure of monotectic and near- 
monotectic alloys has been characterized by several 
investigators [2-4]. Unfortunately, density differences 
and preferential wetting characteristics of the indi- 

vidual liquids often leads to macrosegregation during 
solidification processing, especially in hypermono- 
tectic alloys. 

A detailed study of the solidification aspects of 
alloys containing 10, 20, 30, 40, and 50wt % Cu has 
been completed and presented elsewhere [5]. The goal 
was first to obtain a structure which incorporates high 
conductivity copper as a contiguous network in the 
matrix and then study the corrosion behaviour of such 
a microstructure. Two representative microstructures 
(the details of which are given later) obtained from 
the previous study were selected for electrochemical 
investigations. Their corrosion properties, along with 
those of an as-cast monotectic Pb-63 wt % Cu alloy, 
are compared with those of pure Pb, Pb-Ca and 
Pb-Ca-Sn alloys, and pure Cu. 

2. Experimental details 

2.1. Materials and sample preparation 

Table 1 lists the compositions and treatments of 
materials investigated. Table 2 lists the concentrations 
and specific gravities of sulphuric acid used in the 
investigation. The Pb-Ca, and Pb-Ca-Sn alloys were 
received in their cast and rolled condition from 
General Motors, Delco Remy Division. Pure lead 
(99.999 wt %) was obtained from American Smelting 
and Refining Company in the form of an ingot which 
was subsequently rolled and annealed at room ~em- 
perature. Pure copper (99.999%) in sheet form was also 
supplied by General Motors, Delco Remy Division. 
The monotectic Pb-Cu alloy was provided by Dr T. S. 
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Table 1. Compositions of materials used 

Sample Pb Ca Sn Cu Al 0 thers Treatment 
(% wt) (% wt) (% wt) (% wt) (p.p.m.) 

Pb 9 9 . 9 9  . . . .  Rest Cast 
Pb-Ca Rest 0 . 0 6  . . . .  Cast and Rolled 
Pb-Ca-Sn Rest 0.08 0.56 - 66 - Cast and Rolled 
Pb-63% Cu 34 - 3 63 - - Cast 
Cu - - - 99.99 - Rest Cast and Rolled 
Pb-30% Cu 70 - - 30 - - Directionally 

solidified 
Pb- 10 % Cu 90 - - 10 - - Directionally 

solidified 

Suda r shan  o f  Synertec C o m p a n y .  H y p e r m o n o t e c t i c  
al loys con ta in ing  30 and  1 0 w t %  Cu were cast  and  
subsequent ly  d i rec t ional ly  solidified [5]. 

F u r t h e r  descr ip t ion  o f  these two hype rmono tec t i c  
al loys is instruct ive.  One sample  which or iginal ly  had  
3 0 w t %  Cu was d i rec t ional ly  solidified in no rma l  
gravi ty  at  a pull  rate  o f  1 m m  rain-1 in a g rad ien t  o f  

1 6 0 K c m  -~. This  sample  showed segregat ion,  one 
zone consis t ing o f  the copper - r ich  mono tec t i c  micro-  
s t ructure  and the o ther  zone con ta in ing  aligned copper  
dendr i tes  in a lead matr ix .  The compos i t i on  of  the 
la t ter  was es t imated  to be between 15 and 20 wt % Cu. 
This  la t ter  micros t ruc ture ,  shown in Fig. la ,  was 
selected for  fur ther  inves t iga t ion  of  the cor ros ion  
behav iou r  and  is identif ied by the nomina l  compo-  
sit ion, P b - 3 0 w t  % Cu. The  P b - 1 0  wt % Cu al loy was 
d i rec t ional ly  solidified at  a pull  rate  o f  1 m m  rain t in 
a g rad ien t  o f  160 K cm-1 in a cyclicly vary ing  gravi ty  
env i ronment  which resulted in dispersed copper  den-  
dri tes  as seen in Fig. lb .  Sol idif icat ion was carr ied  out  
a b o a r d  an a i rcraf t  which underwent  pa rabo l i c  excur- 

sions giving ~ 20 s o f  low gravi ty  (g = 0.01) fo l lowed 
by ~ 90 s o f  high gravi ty  (g = 1.8). Fig.  lc  shows the 
micros t ruc ture  o f  as-cast  (i.e., no t  d i rec t iona l ly  solidi-  
fied) P b - 6 3  wt  % Cu al loy for  c o m p a r i s o n  with those 
o f  the hype rmono tec t i c  al loys.  

Samples  for  co r ros ion  tests and  for me ta l l og raph ic  

examina t ion  were cut  and  m o u n t e d  in an epoxy  resin. 
Only  long i tud ina l  sections were p repa red  for  cor ro-  
sion tests, for which case a wire was soldered to the 
sample  p r io r  to sealing in the epoxy.  F o r  meta l lo-  
g raphy  bo th  longi tud ina l  and  t ransverse  (perpen-  
d icular  to the g rowth  di rec t ion  and  to the co r roded  
surface) sections were p repared .  The m o u n t e d  speci- 
mens were convent iona l ly  g round  and pol ished.  The  
final pol ish ing employed  ei ther  a cer ium oxide suspen- 
sion in a lubricat ing soap solut ion or  a 0.05/~m a lumina  
suspension.  Af te r  pol ish ing the samples  were r insed in 
deionized water  and  dr ied  in air. 

2.2. Electrochemical corrosion tests 

The cell used in the exper iments  was a sealed system 
consis t ing o f  the sample  as work ing-e lec t rode ,  two 
p l a t i num counter-e lec t rodes ,  an external  reference 
e lect rode coupled  to the cell t h rough  a sa l t -br idge/  
luggin probe ,  and  a gas inlet and  outlet .  The  cell was 
connec ted  to a mode l  173 P A R C  po ten t io s t a t  and  
P A R C  276 interface to an A p p l e  I Ie  compute r .  The  
P A R C  M o d e l  332 "So f t co r r "  p r o g r a m  was used to 
conduc t  p o t e n t i o d y n a m i c  exper iments .  The  electro- 
lytes were p repa red  by  di lut ing an  ini t ial  1.84 specific 
gravi ty  sulphur ic  acid with doubly-d is t i l l ed  deionized 
water.  The  cell was purged  with n i t rogen p r io r  to and 

Fig. I. (a) Microstructure of the lead-rich zone of an Pb-30 wt % Cu alloy directionally solidified in unit gravity at a pull-rate of 1 mmmin -l 
in a gradient of 160 K cm - i showing aligned copper dendrites (light phase.) (b) Microstructure of Pb- 10 wt % Cu alloy directionally solidified 
at a pull rate of I mmmin -1 in a gradient of 160Kcm -l in the KC-135 cyclic gravity environment showing dispersed copper dendrites. (c) 
Microstructure of monotectic Pb-63 wt % Cu alloy compared with those of(a) and (b); note that lead particles are incorporated in an aligned 
copper matrix (dark phase.) 
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Tab/e 2. Concentration of  sulphuric acid 

Solution Molality Relative density Log M 

1 0.5 1.032 --0.301 
2 1,085 1.065 0.0354 
3 4.72 1.27 0,674 

during the experiment. The potentials were measured 
against a saturated Hg/Hg2SO 4 (mercury/mercurous 
sulphate) reference electrode (+650mV/NHE)  and 
were anodically scanned from the rest potential at 
0.2 mV s ~. All the tests were conducted at room tem- 
perature (25 ~ C). Three kinds of tests were carried out: 

(i) Anodic polarization tests were performed in 0.5 M 
(1.0N), 1.085M (2.17N), and 4.72M (9.44N) H2804, 
except for the hypermonotectic Pb-Cu alloys, which 
were studied only in the 4.72 M acid. For Pb and lead 
battery-grid alloys the anodic scan was begun after 
holding the sample on open circuit until a stable value 
of E~or~ was attained. In some instances the scan was 
started a few millivolts below this potential. For 
Pb-Cu alloys, the anodic scan was begun immediately 
on immersion. (See Discussion section below.) 

(ii) For the 30 and 1 0 w t % C u  alloys, the samples 
were repolished after anodic polarization and then 
"conditioned" by holding at 0 mV for 60 000 s, during 
which time the copper phase was selectively leached 
from the surface while the lead remained in the passive 
state. The transient current was recorded during 
leaching and was found to be oscillatory for both 
samples. The final quasi steady-state current density 
for Pb-30wt % C u  was ~ 0 . 4 m A c m  -2 and about 
~ 0 . 2 m A c m  -2 for Pb-10wt % Cu. 

(iii) After leaching, the "conditioned" Pb-30 wt % Cu 
alloy was further investigated for its anodic polariza- 
tion behaviour by reimmersing in fresh solution and 
anodically scanning from Eoo~. 
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Table 3. Quantitative results for anodic polarization of  pure Cu in 
various acid concentrations 

Parameter Units 0.5 M 1,085 M 4.72 M 

Anodic Tafel mVdecade i 33,4 37.0 39.0 
slope 

1 c mAcro -2 134 164 101 
Eco~ rnV - 424 - 518 - 572 
Epp mV 264 - 70 - 276 
Ip min mAcm -2 100 90 17.4 

3. Results 

1 i l l l t l i [  I t I l t l l l J  I I t ~ i l t l t i  I i t l t l l l  I I I I I l l l t  i I I I l l l i i  i t I I I 1 1 [ 1  

10 '.̀ = 10 4 10 "2 10 "1 10"~ 101 10 = 10 s 

I ( m A  c m  -2)  

3.1. Pure lead and lead battery-grid alloys 

Results are shown in Figs 2-4 and Table 5. The corro- 
sion potential is the Pb/PbSO4 reversible potential, 
which is highly non-polarizable. A characteristic and 
highly reproducible active/passive transition occurs 
due to thickening of the sulphate layer. Additional 
details have been presented elsewhere [6]. 

3.2. Pure copper and Pb-Cu alloys 

Figures 2-4 compare the anodic polarization behav- 
iour of copper and monotectic copper-lead alloy 
with pure lead and lead battery-grid alloys in 0.:5 M, 
1.085 M, and 4.72 M sulphuric acid. Figure 5 compares 
the behaviour of pure copper at all three acid con- 
centrations. Figure 6 is a similar comparison for the 
Pb-63 wt % Cu alloy. Results for these Pb-30 wt % Cu 
and P b - 1 0 w t % C u  alloys together with those for 
pure Cu in 4.72 M acid are shown in Fig. 7. 

The quantitative results for pure copper, the mono- 
tectic alloy, and hypermonotectic Pb-Cu alloys are 
summarized in Tables 3, 4, and 6, respectively. Com- 
parable data for pure lead and lead battery-grid alloys 
are shown in Table 5. Figure 8 defines and explains 
the parameters (It, Ip, Eo .... Evp) used in the following 

= 

Fig. 2. Anodic polarization of (n) pure Pb, (0) 
Pb-Ca, (A) Pb-Ca-Sn alloy, ( ~ )  pure Cu, and 
(n) Pb-63 wt % Cu alloy in 0.5 M (1.0N) H2SO 4. 
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Fig. 4. Anodic polarization of (n)  pure Pb, (�9 
Pb Ca, (zx) Pb -Ca -Sn  alloy, ( ~ )  pure Cu, and (m) 
Pb-63 wt % Cu alloy in 4.72M (9.44N) H2SO 4. 

quantitative comparison of  the results: 

l. E~orr for copper corresponds to a reversible Cu/Cu 2+ 
potential (see discussion below) and decreases with 
increasing acidity. For  Pb-Cu alloys, Eoorr lies between 
that for pure copper and pure lead and decreases with 
increasing acid concentration, as does that for pure 
lead [6]. However, recent findings [7] indicate that 

these potentials are not steady-state values, and that 
the alloys revert to an active state with potentials near 
the values for pure lead, as shown in Figure 9. At 
higher anodic potentials the alloys resemble pure 
copper in their behaviour. 

2. The Ic values for pure copper and the Pb-Cu alloys 
are two orders of magnitude greater than those for 

Table 4. Quantitative results for  anodic polarization o f  Pb-63 wt % Cu alloy in various acid concentrations 

Parameter Units 0.5 M 1.085 M 4.72 M 

Tafel slope in the region mVdecade  -~ 43 41 46 

of  copper dissolution 
lc m A c m  -2 105 117 85.5 
E*rr mV - 782 - 850 - 910 
Epp mV - 20 - 140 -- 266 
lp min m A c m  -2 32 23 9.2 

* Non  steady-state values. With sufficient time, Ecorr for Pb is attained. See Fig. 9. 
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Fig. 6. Anodic polarization of Pb 63 wt % C u m  
various acid concentrations.  (O) 1.0, (o)  2.17 and 
(zx) 9.44 N. 

~ead and lead alloys. I~ values for copper and Pb-Cu 
alloys decrease slightly with decreasing copper con- 
tent. The Ic values are highest for 1.085 M acid for 
both pure copper and the monotectic alloy. 

3. The Ip values are four orders of  magnitude higher 
than those for lead or lead battery alloys. Hence, the 
process may be properly referred to as "pseudo- 
passivation". The Ip values (for P b - 6 3 w t % C u )  

decrease with increasing acid concentrations, and they 
decrease with decreasing copper content. 

4. Values of Epp ("pseudo-passive" potentiai) are 
700 mV more positive than the normally observed 

passive potential for lead. For Pb-63 wt % Cu, Epp 
decreases with increasing acid concentration. 

5. For  pure copper, the anodic Tafel slope is very low 
because of rapid copper dissolution. At all acid con- 

Table 5. Quantitalive resuhs for anodic polarization of  Pb and Pb battery-grid alloys in 4.72 M (9.44 N ) acid 

Parameter Units Pure Pb Pb-Ca Pb-Ca--Sn 

Anodic Tafel Slope mV decade-  L 12.83 i 1 12 

]c m A c m  -2 0.671 0.306 0.722 
E~or~ mV - 1050 - 1050 - [046 
Epp mV - 1008 - 1020 - 1006 
tp min m A c m  -z 0.0022 0.001 l 0.0016 
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centrations, the Tafel slopes in the region of copper 
dissolution for the Pb-Cu alloys are slightly higher 
than that for pure copper. However, in all cases they 
are virtually independent of acid concentration. 

3.3. "Conditioned" Pb-30 wt % Cu alloy 

The surfaces of the leached Pb-30wt% Cu after 

exposure for 60 000 s at 0 mV (now as Pb-30 wt % Cu 
"conditioned") showed PbSO4 and copper crystals, 
and the rest-potential was close to that of pure copper, 
confirming the presence of copper on the surface even 
after leaching. The quantitative results are presented 
in Table 6, and Fig. 10 compares the behaviour 
of the as-polished and the "conditioned" nominal 
30 wt % Cu alloy with that of pure copper and mono- 

Table 6. Quantitative results for  anodic polarization o f  Pb-30 wt % Cu and Pb - l  O wt % Cu in comparison with pure Cu and Pb-63% Cu alloy 

in 4.72M (9.44N) acid 

Parameter Units Cu Pb-63% Cu Pb-30% Cu Pb-lO% Cu Pb-30% Cu "Cond. "" 

Tafel slope in the region mVdecade -~ 39 46 51.3 55.3 49.15 

of copper dissolution 
I c mAcro -2 101 85.5 22.0 6.92 3.50 
E*r~ mV - 572 - 910 - 774 - 756 - 478 
Epp mV - 276 - 266 - 240 - 274 - 336 
Ip min mAcro 2 17.4 9.20 0.62 0.21 0.4l 

* Values for Pb-Cu alloys are non steady-state. See Fig. 9. 
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tectic Pb-63 wt % Cu alloy. From SEM observations 
after anodic polarization, the surface of the con- 
ditioned 30 wt % Cu alloy appeared porous especially 
at the places where the aligned dendrites previously 
existed. To observe the corroded layer, the sample was 
transversely sectioned and polished. Figure 11 a shows 
the transverse section of the aligned copper dendrites. 
Figure 1 l b, c, d show details of the corroded interface. 

4. Discussion 

4.1. Electrodissolution of pure copper 

As shown in Figs 2-5 and Tables 3-6, the electro- 
chemical behaviour of pure copper differs substanti- 
ally from that of pure lead and lead battery alloys. The 
corrosion potential is in good agreement with esti- 
mates of the reversible potential for simultaneous 
satisfaction of the Cu/Cu 2+ and Cu/Cu + electrode 

5 . 0  10 4 
Fig. 9. Variation of open-circuit potentiai of Cu 
and Pb-Cu alloys with time in 0.5 M (1 N) H2SO 4 
[7]. ([3) Pure Cu, (0) Pb-10% Cu, and (zx) Pb- 
63%Cu. 

reactions under conditions of saturation with CuSO4, 
which also accounts for the decrease in corrosion 
potential with increasing acid concentration (i.e., an 
increase in acid concentration increases the sulphate 
ion activity with a corresponding decrease in Cu ~ § and 
Cu + concentrations.) In non-complexing solutions 
like sulphates, copper is found to occur predominantly 
in the divalent (Cu 2+) state [8]. The formation of 
passive films [consisting of CuO, Cu20 or Cu(OH)2] 
can be achieved in strongly acidic solution (e.g. 10 M 
H2SO 4 acid) if the anodic reaction is driven sufficiently 
fast so that saturation of the dissolution product can 
be reached [8]. We believe that in our experiments, 
active dissolution of copper on anodic polarization 
leads to thickening of the CuSO 4 film. The decrease of 
the current at higher anodic potentials suggests a 
"pseudo-passivation" behaviour, with the rate of dis- 
solution being controlled by ohmic effects and dif- 
fusion in the liquid. 
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Fig. 10. Anodic polarization curves in 4.72M 
(9.44N) tt2SO 4 for (zx, ~ )  Pb-30%Cu (as 
polished and "conditioned") compared with (D) 
pure Cu and (o) monotectic Pb-63 wt % Cu alloy. 
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Fig. 11. Transverse section of "conditioned" Pb-30 wt % Cu anodically polarized in 4.72 M (9.44 N) H2SO 4 following leaching at 0 mV for 
60 000 s: (a) shows the copper dendrite distribution in the lead matrix; (b), (c), and (d), show the corroded interfaces at different locations 
and magnification. 

4.2. Corrosion behaviour of monotectic Pb-63 wt % Cu 
alloy 

The corrosion potential for all three Pb-Cu alloys is 
between that of pure lead and pure copper, and the 
subsequent polarization behaviour suggests that the 
alloys are initially passive, with a protective layer of  
PbSO4 restricting lead dissolution in the presence of 
non-reacting copper. However, as discussed above, 
active behaviour of lead and establishment of the 
Pb/PbSO4 potential occurs if sufficient time is allowed 
[7] as shown in Fig. 9. The anodic behaviour of  the 
monotectic alloy is similar to pure lead until it reaches 
a critical potential where rapid copper dissolution 
occurs, giving rise to virtual selective removal of 
copper. The rapid dissolution of copper (virtually a 
non-polarizable reaction) leads to practical super- 
position of  the polarization curves for the alloy and 
pure copper in this region. The same "pseudo-passive" 

transition is also observed with only a slight decrease 
in the passive current. Initial attempts to "condit ion" 
this alloy (for 60 000 s only and in the same electrolyte) 
to produce a copper-free porous lead surface layer 
were not successful, More recently however, we have 
succeeded in reducing the passive current by ~'con- 
ditioning" for a longer time (i.e. much greater than 
60000s) and replenishing the cell with fresh elec- 
trolyte after every few thousand seconds, such that 
subsequent polarization approaches more closely to 
lead-like behaviour [7]. 

4.3. Behaviour of hypermonotectic Pb-30 wt % Cu 
and Pb-lO wt % Cu 

These alloys show behaviour similar to that of the 
monotectic alloy. From Fig. 7 it can be concluded that 
the "pseudo-passive" current decreases with copper 
content in the alloy, although not proportionally, as 
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evident from quantitative values of Ip min in Table 6. 
The following inferences can be drawn from the large 
currents observed in the "pseudo-passive" region for 
Pb-30wt % Cu and Pb-10wt % Cu: 

1. The surface copper content was sufficient to main- 
tain a relatively high current during the anodic polar- 
ization, 

2. All the surface copper could have dissolved at a 
relatively high potential leading to a highly porous 
surface. Due to the porous nature of lead after copper 
removal, a mechanically sound passive film may not 
have been able to form, leading to large currents 
mainly from the corrosion of lead. 

3. After the copper dendrites exposed at the surface 
have been dissolved, lead films separating the latter 
from interior dendrites could be subsequently corroded 
away exposing a fresh copper surface which would 
then be subject to dissolution. This copper however, 
could be passivated by the formation of CuzO, CuO, 
or Cu(OH)2 in the pores leading to relatively lower 
corrosion rates. 

4.4. Behaviour of "Conditioned" Pb-30 wt % Cu alloy 

After the conditioning treatment, and while the sample 
is removed from the electrolyte, it exists for a few 
seconds at the rest potential. There is a good possibil- 
ity that the potential established could be sufficiently 
cathodic to promote Cu 2+ reduction. Consequently, 
Cu can redeposit locally, which explains why fine 
copper grains were seen on the surfaces after leaching 
[6]. 

On subsequent polarization of  the "conditioned" 
Pb-30% Cu (in a fresh 4.72 M solution) the rest poten- 
tial assumes a value close to that of pure copper. (See 
Fig. 10.) This supports the presence of copper redepo- 
sited from the solution immediately after leaching. 

As discussed previously, given sufficient time the 
potential would have dropped to a new value estab- 
lished by the lead sulphate/oxides formed during con- 
ditioning. The initial anodic current can be attributed 
to the dissolution of this redeposited copper. The 
relatively large passive currents could be a combined 
effect of some further copper dissolution and a surface 
area effect of lead matrix corrosion. 

The transverse section of "conditioned" Pb-30 wt % 
Cu (Fig. 1 l a, b, c, and d) shows a uniform thickness 
of the corroded layer after anodic polarization. The 
dendrites in the interior are unaffected by the acid. 
The porous nature of  the corroded interface (Fig. 1 lc 
and d) suggest that the large surface area may be 
responsible for the large passive currents. Analysis of 
the pores (EDS) shows that mainly lead was present in 
the space previously occupied by the copper dendrites. 
The little copper that was also found could have been 
redeposited. Hence, if during the leaching process, 
fresh solution were provided (the previous runs had a 
constant amount throughout the experiment), the sur- 
face copper could be removed completely without the 
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Fig. 12. Schematic polarization curves for Pb, Cu, and Pb-Cu alloy 
illustrating progressive effect of selective leaching of copper. 

fear of redeposition, and lead-like behaviour would 
attain on subsequent polarization. Such an effect is 
shown schematically in Fig. 12: Given sufficient time 
to establish the Pb/PbSO4 rest potential, the Pb--Cu 
alloy shows initially a lead-like behaviour, but once 
the Cu/Cu 2+ reversible potential is reached, it shows 
the behaviour of pure copper. Progressive selective 
leaching affects the subsequent polarization behaviour 
by reducing the current due to copper dissolution 
above the Cu/Cu 2+ reversible potential. (See Fig, 12, 
curves Pb-Cu 1, 2, 3.) Thus, the remaining current is 
not governed by copper dissolution but arises fi'om 
oxidation of lead under conditions of greatly increased 
surface area, Such a behaviour has been observed for 
Pb-10% Cu alloy [7]. More work is in progress. 

5. Conclusions 

1. Copper does not undergo normal passivation in 
acid-sulphate media but corrodes rapidly on anodic 
polarization, displaying a "pseudo-passive" transition 
at high anodic potentials. The open-circuit (corrosion) 
potential is close to the Cu/Cu 2+ reversible potential in 
this media. 

2. Monotectic Pb-63wt % Cu is metastable-passive 
at an open circuit potential which lies between that of 
pure copper and lead. This potential is a non-steady 
state value which eventually decays to the reversible 
potential of lead. Above the open-circuit potential for 
pure copper, the anodic behaviour of the monotectic 
alloy is similar to that of pure copper, including the 
appearance of the "pseudo-passive" transition. Selec- 
tive dissolution of copper from the alloy occurs, leav- 
ing a porous network of lead on the surface. 

3. Similar behaviour occurs in the alloys with lower 
copper content (30wt% and 10wt%Cu),  which, 
however, display smaller anodic currents in the pseudo- 
passive region. Long-time potentiostatic selective 
leaching of copper from the 30wt % Cu alloy pro- 
duced a highly porous layer of spongy lead and tead 
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sulphate; the subsequent anodic polarization behav- 
iour (without repolishing the sample surface) showed 
that the pseudo-passive current decreases from ~ 0.4 
to -~ 0.2 mA cm 2 or ~ 20 times greater (referred to 
unit geometric area) than the passive current of  pure 
Pb and lead battery-grid alloys. This difference was 
attributed partly to dissolution of redeposited copper 
but mainly to the large effective surface area of  the 
remaining porous lead network. 

4. The possibility of  using composite Pb -Cu  alloys to 
achieve a useable battery grid with improved conduc- 
tivity depends on improving the selective leaching 
process, including replenishing the cell with fresh elec- 
trolyte to prevent redeposition of copper. 
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