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Kinetics of the VO*/VO; Redox Couple on Carbon Paper Electrode
with Heat Treatment
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Abstract: Carbon paper was heat-treated at different temperatures and used as an electrode for the VO*/VO; redox
couple. Kinetics of the VO**/VO3 redox couple on the carbon paper electrode was studied using cyclic voltammetry
(CV), polarization curves (PC), and electrochemical impedance spectroscopy (EIS). Results obtained from CV and PC
show that the reaction rate constant and the exchange current of the VO**/VO7 redox couple on the carbon paper
electrode increase as the heat treatment temperature increases. An equivalent circuit model for the VO**/VO; redox
couple on the carbon paper electrode was established. Fitting the experimentally obtained electrochemical impedance
spectra with established equivalent circuits shows that heat treatment increases the double-layer capacitance of the
carbon paper electrode and reduces the charge transfer resistance of the VO**/VO3; redox couple. Similar diffusion
coefficients for VO* and VO; were obtained from CV and EIS, indicating that the established equivalent circuit model
is consistent with the electrode process for the VO*/VOj; redox couple.
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Fig.1 Cyclic voltammograms of VO*/VO; redox on
carbon paper electrode treated at different
temperatures
solution: 0.1 mol-L™ V(IV)+0.1 mol+L™ V(V)+3 mol - L™ H,;SO,
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Fig.2 Cyclic voltammograms of VO*/VO; redox on
carbon paper electrode treated at 500 °C
solution: 0.1 mol- L™ V(IV)+0.1 mol-L™ V(V)+3 mol - L™ H,SO,
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Fig.3 Relationship of I, ,/v-v"? of VO*/VO; redox on
carbon paper electrode treated at different
temperatures
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Table 1 Kinetic parameters of VO*/VO; redox from
cyclic voltammetry

4, 5 5 4
e (Al(\)/{f] s) (cin()z-Dsri') (cin()z-[?') BN %
untreated  3.031 7.750 3.182 0.877  2.521 0.205
100 25.61 8.755 2933 0.881 2947 0.191
300 1950 8.290 3.210  0.883  3.320 0.185

500 3730 8.6601 3.620 0.893 4.661  0.147

Ki: kinetic current constant; Dy and D, represent the diffusion

coefficient of VO* and VO3, respectively; E”: formal potential;
ko: reaction rate constant; o charge transfer coefficient

lg(i/ A)
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Fig.5 Tafel polarization curves on carbon paper
electrode treated at different temperatures
solution: 0.1 mol L™ V(IV)+0.1 mol L™ V(V)+3 mol-L™ H,SO,
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Table 2 Kinetics parameters of the VO*/VO; redox

reaction obtained from polarization curve on carbon
paper electrode treated at different temperatures

T/C b e 10%9/A 10%/(cm+s™)
untreated -0.223 0.264 0.942 1.321
100 -0.270 0.218 1.647 2.310
300 -0.275 0.214 2.344 3.288
500 —-0.324 0.182 3913 5.488

b: Tafel constant; i®: exchange current
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Fig.6 Nyquist plots of carbon paper electrode

treated at different temperatures
solution: 0.1 mol-L™ V(IV)+0.1 mol-L™ V(V)+3 mol-L™ H,SO,;
amplitude: 5 mV
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Table 3 Parameters obtained from fitting the

impedance spectra of Fig.6 with the equivalent
circuit of Fig.7

R, R Y 5
Q-cm?) (Q-em’) 1077, n (Q-s™
untreated 2421 9.63  0.5650 0.8546 0.7599 5.80

TIC C/F

100 2423 9.03  0.5713 0.8624 0.6541 5.97
300 2.291 6.72  0.5918 0.8663 0.9486 6.30
500 2.283 3.05 1755  0.8932 1.3080 12.42

Y, and n are two parameters of the constant phase element angle;

8 is Warburg diffusion coefficient.
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f:: coefficient 1 (1) and (2) with (1) and (3) with (2) and (3)
No2r 10°Dg/(cm?+s™) 3.383 2.513 2.294
L 10°Dy/(cm?+s™) 0.718 0.755 0.884
Dx: diffusion coefficient of VO*; Dq: diffusion coefficient of VO3
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Fig.8 Nyquist plots of carbon paper electrode
treated at 500 °C in different proportions of
V(IV) and V(V) solution

cr: concentration of VO*; co: concentration of VO3
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Table 4 Parameters obtained from fitting the
impedance spectra of Fig.8 with the equivalent circuit

of Fig.7
R, Ry Y )

oo Qeemd) Qromd 107, T @y F
() 0.05/0.15 2205 3710 02107 0.8959 2.194 12.13
(b) 0.10/0.10 2.303 2868 01388 09268 1.389 11.55
() 0.15/0.05 2.207 1974 01482 09304 1.635 9.06
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