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Influence of Mn* Concentration on the Electrochemical Behavior of the Anolyte
for Vanadium Redox Flow Batteries
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Abstract: Metal ions in the electrolyte will affect the electrochemical performance of vanadium redox flow
batteries (VRBs). The influence of Mn?* concentration in the anolyte on the redox process of V(V)/V(V) couple has
been investigated by cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS). It is found that
Mn?* doesn’t cause a side reaction, but greatly affects the electrochemical performance of V(V)/V (V) redox
reaction, including reaction activity, reversibility of electrode reaction, vanadium ion diffusion, and charge
transfer reaction. The results from CV show that the reversibility and the reaction activity of V(V)/V(IV) couple can
be improved as the Mn** concentration ranges from 0.04 to 0.13 g-L™". The vanadium ion diffusion coefficient
increases from 8.89x107~1.098x107 in the reference anolyte to 1.302x10°~1.800x10° cm?+s™, an increase of ~
60% . EIS investigation indicates that the electrode reaction resistance and interfacial resistance of V(V)/V (V)
couple have a slight increase when the Mn®* concentration is no more than 0.04 g -L~. When the Mn?*
concentration reaches 0.07 g-L™, the values of these resistances are 25%~28% higher than those in the reference
anolyte. Considering the results from CV and EIS, Mn* has different adverse effects on the electrode reaction, but

Mn?* with proper concentration is beneficial to improve the diffusion of vanadium ions.
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Table 1 Composition of the reference electrolyte (g-L™)

Substances Total V V(I V(IV) V(V) S0~
Concentration 74.14 <0.1 66.56 7.58 299.32
x2 10MUXBRNEEE FRE@ELY
Table 2 Concentration of the metal ions in 10 types of test solution (g-L™)

Solutions Mn-p Mn-a Mn-b Mn-¢ Mn-d Mn-e Mn-f Mn-g Mn-h Mn-i
Mn?* 0 0.01 0.04 0.07 0.10 0.13 0.16 0.19 0.22 0.25
V() 66.56
V(V) 7.58
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Fig.2 Cyclic voltammograms of the anolyte with various Mn* concentrations at a scan rate of 50 mV-s™
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Table 3 Influence of Mn?* concentration on the diffusion coefficient D of vanadium ion

Solution Mn-p Mn-a Mn-b Mn-c Mn-d Mn-e Mn-f Mn-g Mn-h Mn-i

Mn* concentration (g-L™) 0 0.01 0.04 0.07 0.10 0.13 0.16 0.19 0.22 0.25
Diffusion coefficient 1.098x  1.299x  1.800x  1.636x  1.632x  1.609x  1.234x 9.48x 7.19x 7.00%
D, / (cm?s™) 10 10° 10° 107 107 107 10 107 107 107
Diffusion coefficient 8.89x 1.051x  1.457x  1.324x  1.321x  1.302x 9.99x 7.67x 5.82x 5.67x
D,/ (cm?s™) 107 10° 10° 107 10 10° 107 107 107 107
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Table 4 Influence of Mn* concentration on the parameters of the EIS

Mn* Concentration (g-L7) R,/ (Q-cm?) R/ (Q-cm™?) R/ (Q-cm™) R/ (Q-em?) W/ (Q-cm?)

0 0.66 3.38x10° 8.97x10" 4.12x10* 3.74x10°
0.01 0.64 3.26x10° 8.96x10" 4.73x10* 2.76x10°
0.04 0.64 3.86x10° 8.73x10" 4.21x10* 2.36x10°
0.07 0.64 4.25%10° 1.072x10° 5.30x10" 4.20x10°
0.10 0.63 4.99x10° 1.042x10° 8.56x10" 4.87x10°
0.13 0.63 5.52x10° 1.083x10° 1.107x10° 4.70x10°
0.16 0.62 5.81x10° 1.141x10° 1.334x10° 4.34%10°
0.19 0.61 6.32x10° 1.139x10° 1.442x10° 481x10°
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