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DEVELOPMENT OF POLARIZATION CURVE EVALUATION SYSTEM

USING INVERSE ANALYSIS
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A novel method to identify accurate polarization characteristics for ion concentration
dependent electrochemical reaction was developed. This method identifies polarization
curve which is dependent of ion concentration on surface of an electrode of flow cell.
Because the ion concentration on surface of the electrode can not be measured directly,
inverse analysis approach is applied. As the observation information of this inverse prob-
lem, total currents on the electrode are measured with different bulk concentration. The
unknown polarization curve is expressed with piecewise parametric linear function. The
relationship between observation and unknown parameters are modeled with advection-
diffusion equation. The fluid velocity field is modeled with Navier-Stokes equation. These
equations are discretized by finite volume method. The Response Surface Method (RSM)
is applied to reduce computational time. In order to verify the proposed method, identifi-
cation using both phantom data and experimental data were performed. The verification
result demonstrated the good accuracy of the method.
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Table 1 Prescribed parameter values for phantom data gen-

eration
Parameter Casel Case2
ai[molm=2s71] | —1.7x 107% | —4.6 x 107
as[molm=2s71] | —2.8x107* | ~1.3 x 1073
ag[molm=2s71] | =75 x 107* | —6.0 x 1073

Table 2 Identified parameter and corresponding total cur-

rent in case 1

Parameter Exact Identified Error[%)]
armolm™?s71] | —1.7x107* | —1.668 x 107* | —1.882
az[molm™2s7'] | —2.8x107* | —2.783 x 107* | —0.607
az[molm™2s7!] | —7.5x107* | —7.788 x 107* | 3.840

J(ey = 12)[A] | —3.426 x 107* | —=3.398 x 10™* | —0.817
J(cy, = 20)[A] | —4.602 x 107* | —4.587 x 10™* | —0.326
J(cy, = 40)[A] | —9.679 x 107* | —9.765 x 10™* |  0.889




Table 3 Identified parameter and

rent in case 2

corresponding total cur-

Parameter Exact Identified Error[%]
aifmolm™2s7'] | —4.6 x 10™* | —4.600 x 10™* | —0.006
azmolm™2s7'] | —1.3x107% | —1.402 x 1072 | 7.846
ag[molm s71| —6.0x107* | —1.000 x 1072 | 66.667
J(cy, = 12)[A] | —4.708 x 107* | —4.710 x 107* |  0.042
J(cy, = 20)[A] | —7.689 x 107* | —=7.707 x 10™* | 0.234
J(c, = 40)[A] | —1.426 x 107% | —1.439 x 107® | 0.912
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Fig. 19 Experimentally measured polarization curves of

Cu?* reduction reaction for different bulk concentration
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