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Abstract

The potentiostatic reduction of lead sulfate formed in the porous lead electrode has been investigated. This report
presents an improved model of lead sulfate reduction kinetics. The crystal size distribution of lead sulfate is taken
into account in this model to discuss the current transient behavior of the negative electrode of the lead-acid bat-
tery. The predicted potentiostatic recharge curve is consistent with the experimental curve in the range 7 > 50 s.

The crystal size and the kinetics of the dissolution of lead sulfate have been determined.
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Table 1 Schematic illustrations and characteristics of three kinetics models for Pb|PbSO4 reduction reaction.
Model Instantaneous nucleationand ~ Microscopic reaction site model  Distribution model
three-dimensional diffusion
controlled growth model
Schematic PbSO, PbSO,
illustration
AN
Pb MRS /// J/ AN T
P R N u -
..
/ 11 1N
active sites Ll / ) Pe %
Equation i)/ A =P [1 - exp(-Pat)] + P i) =2ENDE 1501 by ab) (h - Bry i) = J Now gf—l,m 62Fk (o - 2k % 1Y dlo
Rate determining  Pb crystal growth PbSO. dissolution PbSO. dissolution
step
Thickness of Time dependent Constant Constant

Nernst diffusion
layer
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Table 2 Parameters used in the calculations.
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Instantaneous nucleation and three-
dimensional diffusion controlled growth

Microscopic reaction site model

Distribution model

model
D;/cm?s™! 3.00x107™" D/cm?s™! 5.00x10°¢ o/ pm 1.64
¢;/ mol cm™ 1.04x107 cpy / mol cm™ 2.40x1078 [/ pm 0.50
No/cm™ 8.00x10' d/cm 5.00x107 Niotal 2.54x108
¢i/ mol cm™ 2.00x107°° h/cm 2.74x107 k/mol s cm™ 342x1078
D;/cm?s™! 1.00x107° a 1
A/cm? 510 b 1

No 2.22x103

16



GS Yuasa Technical Report

141 === Experimental curve
—— Distribution model
1.2
Microscopic reaction site model
1.0
Instantaneous nucleation and three-dimensional
diffusion controlled growth model
< 0.8H
=
0.6}
0.4k
0.21
e ——aa
———
0 1 1 1 1 |
0 200 400 600 800 1000 1200
t/'s
Fig. 1 Fitting of potentiostatic current transient.

Potential of negative electrode was kept at -=300 mV
vs. Pb|PbSO4|H2S04 s.g. 1.30. Equations and parame-
ters are given in Table 1 and 2, respectively.
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Fig. 2 Calculated PbSOs size distribution at the start
of the potential step chronoamperometry.
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