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Influence of Al on Electrochemical Performances of Electrolyte
and Battery of Vanadium Redox Battery
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Abstract: As the core material for energy storage and conversion of vanadium redox battery the composi—
tion of electrolyte especially the impurity content in the solution greatly affects the physicochemical prop—
erties of electrolyte reversibility of electrode reactions and the charge-discharge performance of battery.
The influence of Al concentration on the physicochemical properties of electrolyte was studied and the
effect of Al on the electrochemical performances of electrolyte and battery was analyzed by cyclic voltam—
metry and charge—discharge test. The results indicate that with the increase of Al/V ( molar ratio) both of
the viscosity and density of the electrolyte increase with the conductivity obviously decreased. At the mo—
lar ratio of Al to V of 1 : 3.0 the viscosity and density of the electrolyte increase by 64% and 2.8% re—
spectively and the conductivity of the electrolyte decreases by 34% . Furthermore Al reduces the reversi—
bility of positive and negative electrode reactions. Meanwhile with increase in the molar ratio of Al to V
coulombic efficiency of the battery increases with its voltage efficiency and energy efficiency significantly
decreased. In addition the stability of negative electrolyte is decreased due to the existence of Al .
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Fig.1 The UV—isual spectra of the pristine electrolyte
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Fig.2 The conductivity density and viscosity of
the pristine electrolyte with different
molar ratios of Al to V
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Fig.3 Cyclic voltammograms of the pristine electrolyte with different molar ratios of Al to V at the scan rate of 20 mV « s™

1 3(a)
Table 1 The corresponding parameters of cyclic voltammograms in Fig. 3( a)
Al/V
AE, IV 1,11,
( ) E, IV 1,,/mA E,/V I, /mA
-0.421 20.3 -0.649 -37.1 0.228 0.55
1:11.0 -0.372 20.4 -0.678 -37.3 0.306 0.55
1:6.6 -0.386 20.1 -0.673 -36.9 0.287 0.54
1:4.7 —-0.404 18.9 -0.654 -33.4 0.250 0.57
1:3.7 -0.387 18.4 -0.667 -34.9 0.280 0.53
1:3.0 -0.379 19.6 -0. 660 -33.4 0.281 0.59
2 3(b)
Table 2 The corresponding parameters of cyclic voltammograms in Fig. 3('b)
Al/V
AE, IV 1,11,
( ) E,/V 1,,/mA E,/V 1, /mA
1.024 49.5 0.843 -29.5 0.181 1.68
1:11.0 1.047 45.2 0.839 -26.2 0.208 1.73
1:6.6 1.074 44.8 0.832 -26.3 0.242 1.70
1:4.7 1.056 42.2 0.855 -23.9 0.201 1.77
1:3.7 1.07 41.1 0.853 -23.7 0.217 1.73
1:3.0 1.089 38.5 0.851 -22.3 0.238 1.73
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Fig.4 The coulombic efficiency( a) voltage efficiency; ( b) and energy efficiency;
(¢) of the pristine electrolyte with different molar ratios of Al toV
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Fig.5 The photo of the positive electrolyte( a) and negative electrolyte; ( b) with a molar ratio of Al to V at
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