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Equivalent circuit analysis and application for electrical conductivity
measurement by continuously varying cell constant technique
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Abstract: The alternating current (AC) impedance spectroscopies of continuously varying cell constant (CVCC)
experimental conductivity cell system for solution and melts electrical conductivity measurement were analyzed. The AC
impedance rational condition for electrical conductivity measurement by CVCC technique was determined. The AC
impedance course of the circuit researched is controlled by both of electrochemical polarization and concentration
polarization, Warburg diffusion character is represented for AC impedance diffusion course of solution, meanwhile, the
melts concentration polarization impedance is assumed to be Gerischer impedance through equivalent circuit analysis of
AC impedance. When the electrical conductivity is calculated by CVCC equation, the best option of the circuit resistance
is the sum of solution and melts resistance and electrode and line resistance gained by fitting the equivalent circuit. If
fitting error is considered, the circuit high frequency resistance is also a good option.
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between work electrode and counter electrode
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conductivity cell system
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Fig.4 Relationship between Z' for different frequencies and

R¢*R,; and moving distance of counter electrode for 1 mol/L

KCl solution
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Table 1 Slope and deviation of curves in Fig.4
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Hot-pressing
-~ BN holder

|_—Pyrolytic BN tube

Pt electrode

Graphite crucible

Circuit resistance/ Curve slope/ Deviation/
Q (Qem™) (Qem™)
RitR,) 66.200 83 0.17576

Z' of 0.1 kHz 60.827 50 1.346 99
Z' of 1 kHz 64.623 33 0.130 79

Z' of 10 kHz 66.037 50 0.545 57
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Fig.6 Schematic diagram of conductivity cell system used for

Na3AlF¢ melts
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Table 2  Slope and deviation of curves in Fig.9

Resistance/ Curve slope/ Deviation/
Q (Qem™h (Q-em™)
R{R,; 4.699 14 0.220 78

Z' of 10 Hz 13.433 29 1.215 56
7' of 209 Hz 5.636 89 0.347 38
Z' of 2 045 Hz 5.049 34 0.227 84
Z'of 9352 Hz 4.793 66 0.221 00
Z' 0f 20 000 Hz 4.717 86 0.168 72
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