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Abstract

Impedance characteristics of positive and negative plates of lead-acid batteries with four electrodes configuration

were obtained. The kinetic arcs in complex plane plots are analyzed by the theoretical solution. The parameters of a

positive plate such as exchange current density, double layer capacitance, and ionic conductivity were determined.
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Fig.1  Schematic illustration of the experimental
configuration(top view).
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Fig. 3 Schematic illustration of the conduction
through electrodes. Electronic resistances in the
active material are not illustrated to simplify the
model. The ratio of the magnitude of electronic and
ionic currents are determined by Z(io, C) and R(k ).
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Impedance response of the positive electrode: (a) Cole-Cole plot, (b)Bode plot. Analytical results are
obtained using Eq. (1) with the parameters of ic = 589 mAm=2C =899Cm=2, k =630Sm~'and o
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Fig.4 Results of the parameter estimation.
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Fig. 6 (a) Analytical impedance response of the positive electrode and (b) residual values between analytical and
experimental result with k =4.15,6.30and 8.43 S m~". jo and C are optimized in each calculation.
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Fig. 7 Impedance response of the negative electrode: (a) Cole-Cole plot, (b) Bode plot. Analytical results are
obtained using Eq. (1) with the parameters of io=9.39 MAm=2,C=0.872Cm~2 k =242Sm~"and ¢ = 20000

Sm™.
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Table 1 Parameters estimated by Eq. (1). The same
electrode was used in the experiments with different
temperature. Kmax is obtained withio = 0A m™2,

Temp io C K Kmax
[*C] [Am~2] [Cm™2] [Sm~] [Sm~1]
5 0.023 9.86 1.72 7.18
15 0.0103 6.32 5.84 9.64
25 0.0082 542 7.78 11.0
35 0.0092 6.36 9.40 13.0
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