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Abstract In order to improve corrosion-resistance property of Pb-Ca alloy and increase the cycle life of
lead acid batteries, the effect of Ce addition on electrochemical performances of Pb-Ca-Sn-Al aloy in sulfu-
ric acid solution was investigated by means of AC voltammetry, anodic polarization curve, AC impedance
and constant current corrosion. The results show that thecorrosion resistance property of Pb-Ca-Sn-Al was
improved by Ce, and the impedance of corrosion film on the aloy was also decreased by the cerium addi-
tion, which is favorable for easing PCL(-1) phenomenon. The cycle life of the sample batteries was
improved obviously. So Pb-Ca-Sn-Al-Ce dloy is an excellent anodic grid materia for valve-regulated
lead-acid batteries.
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Tablel Chemical composition of aloys

Mass content of fraction/%
Ca Sn Al Ce
1* 98.610 0.050 1.300 0.040 0.000
2 98.605 0.050 1.300 0.040 0.005
3 98.590 0.050 1.300 0.040 0.020
4 98.550 0.050 1.300 0.040 0.060

Alloy
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Figurel Z vs. E plots of the filmsformed on Pb-Caalloy elec-
trodes with different contents of cerium at 0.9V for 1.5 h
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Figure 2 Nyquist plots of anodic film formed on Pb-Ca aloy
electrodes with different contents of cerium in 1.285 g/cm 3
H,SO,
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Figure 3 Equivaent circuit of the electrochemical impedance
spectroscopy
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Figure4 Anodic polarization curves of 1%, 2, 3% and 4% alloys
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Table2 Parametersfor 1%, 2%, 3* and 4* electrodes
Alloy R/Q R/Q CiF R/Q CoF CJF CPE/KQ
1* 0.3874 1.776 1.861E—5 3.695 0.0001046 0.0006652 1.186 X 10*
2 0.3717 2.587 1.128E—5 3.824 0.0001263 0.0009312 1259
3* 0.4042 2.172 1.164E—5 3.000 0.0001329 0.001249 5.183 X 10%
4 0.4312 0.7895 5.273E—5 2.083 0.000145 0.001436 1.426 X 102
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Figure 5 SEM analysis of corrosion film on 1# (a) and 2* (b)
dloy
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Figure6 Corrosion exterior view of 17and 2 alloy
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Table 3 Comparison of constant current mass-loss corrosion of
aloys

Alloy Mass b_efore Mass _after Corrosion Corrosi orj1
corrosion/g  corrosion/g mass-loss/g rate/(mged )
1 14.105 13.925 0.180 6.000
2* 15.183 15.012 0171 5.700
3 14574 14.407 0.167 5.567
4 14.605 14.496 0.109 3.633
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Figure 7 Camparison of capacity loss at charge/discharge cy-
cles for the lead acid batteries with the Pb-Ca-Sn-Al and Pb-
Ca-Sn-Al-Ce positive grids (25 C)
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Figure 8 Time-voltage curves of Pb-Ca-Sn-Al and Pb-Ca-Sn-

Al-Ce positive grids during constant current discharge
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