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Abstract: The electrochemical oscillation was first observed in the charging process of anolyte in VRFBs. 10 

The chronopotentiometry with current ramp results could be used to judge the appearance of electrochemical 11 
oscillation. The electrochemical oscillation could be explained in terms of the competition between the growth 12 
and the chemical dissolution of V2O5 film in the H2SO4 solution. It was possible to regular the extra power 13 
consumption resulted by the electrochemical oscillation. This work might provide new focus on the charging 14 
process of the VRFBs and guide for new methods on energy saving. 15 
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1. Introduction 19 

Vanadium is a strategic resource widely used in manufacturing iron, steel non-ferrous metals, and catalyst 20 

duo to its excellent properties [1-7]. The vanadium redox flow batteries (VRFBs) which proposed by 21 

Skyllas-Kazacos in 1985 [8, 9], was an efficient energy-storage system and had attracted much attention for its 22 

long cycle life, flexible design, deep-discharge capability, low pollution emitting and fast response time [10, 23 

11]. The reaction that occurs at the electrode of the VRFBs during charge and discharge process was reacted as 24 

Equation (1)-(4): 25 

VO2++H2O-e→VO2
++2H+ (charge of anode)                                              (1) 26 

VO2
++2H+ +e→VO2++H2O (discharge of anode)                                           (2) 27 

V3++e→V2+ (discharge of cathode)                                                      (3) 28 

V2+-e→V3+ (charge of cathode)                                                         (4) 29 

The electricity energy was transferred to chemical energy during the charge process and stored in the 30 

electrolytes.  31 

The charge process performed in flowing systems that were driven far from equilibrium. Calculations 32 

based on Prigogine’s dissipative structure equilibrium indicated that the kinetics of electrochemical system far 33 

from equilibrium is much more complicated than that near the equilibrium [12, 13]. Electrochemical oscillation 34 

is an interesting self-organizing phenomenon in which the current or potential periodically fluctuates at a 35 

constant external electric field [14, 15]. It existed in systems far from equilibrium and it was an interesting 36 

phenomenon of theoretical significance, few studies had reported its influence on the electrolytic efficiency of a 37 

practical electrolysis process. In this work, we reported the periodic electrochemical oscillation of the anolyte in 38 

a simulated charging process of the VRFBs. The judgment of the electrochemical oscillation phenomenon and 39 

the reaction mechanism were also investigated. 40 

2. Materials and Methods  41 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 May 2018                   doi:10.20944/preprints201805.0285.v1

©  2018 by the author(s). Distributed under a Creative Commons CC BY license.

Peer-reviewed version available at Journal of Electrochemical Science and Engineering 2017, 7, 139-144; doi:10.5599/jese.406

mailto:cqupenghao@cqu.edu.cn
mailto:475155417@qq.com
mailto:liuzuohua@cqu.edu.cn
mailto:taocy@cqu.edu.cn
mailto:cqupenghao@cqu.edu.cn
http://dx.doi.org/10.20944/preprints201805.0285.v1
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.5599/jese.406


 2 of 6 

All chemicals were analytical grade. Water was purified with a water purification system (HMC-WS 10, 42 

Korea). The anolyte was composed of VOSO4 (1 M) and H2SO4 (2 M), and the catholyte was H2SO4 (2 M) 43 

with the same volume. The anolyte and catholyte was separated with a Nafion membrane. The anode and 44 

cathode used in the experiments was platinum slice (1.5x2 cm) in which no other unexpected side reaction 45 

occurred. They were subjected to ultrasonic cleaning in de-ionized water for 30 min to remove residues before 46 

testing. Electrochemical tests were carried out on CHI660D electrochemical workstation. The signal of the 47 

potential was amplified, and the times series were recorded and transferred to a personal computer. The 48 

macro-instability frequency, oscillation period, of the potential-time series were obtained using Matlab.  49 

3. Results and Discussion 50 

Electrochemical oscillation was observed during the charging process, while the electrochemical tests were 51 

carried out on CHI660D electrochemical workstation with the anolyte of 1 M VOSO4 + 2 M H2SO4, and the 52 

catholyte of 2 M H2SO4 at room temperature, the potential-time series was showed in Figure 1. As indicated in 53 

Figure 1, the potential was increased quickly and then electrochemical oscillation emerged. After then, the period of 54 

the electrochemical oscillation slowly decreased with the increasing of current as showed in Figure 2.  55 

 56 

Figure 1 The Potential-time curve (anolyte: 1 M VOSO4 + 2 M H2SO4; catholyte: 2 M H2SO4) 57 
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 58 

Figure 2 the dependence of oscillation period on the time in different charging current (anolyte: 1 M VOSO4 + 59 

2 M H2SO4; catholyte: 2 M H2SO4) 60 

 61 

The effect of the charge current (Ia) on the threshold value scope and oscillation features of electrochemical 62 

oscillation were shown in Figure 3. Before the test, all electrodes were subjected to ultrasonic cleaning in 63 

de-ionized water for 30 min to remove residues. When charge current < 0.02 A, no electrochemical oscillation 64 

was observed. In the range of 0.03 A—0.19 A (the boxed in Figure 4), the electrochemical oscillation was 65 

observed. The chronopotentiometry with current ramp results could be used to judge the appearance of 66 

electrochemical oscillation. The induction period decreased with the increasing of charge current, which 67 

suggested that the electrochemical oscillation was easy to occur in high charge current within the effective 68 

range.  69 

 70 

Figure 3 the dependence of oscillation period on the time in different charging current (anolyte: 1 M VOSO4 + 71 

2 M H2SO4; catholyte: 2 M H2SO4) 72 

 73 
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 74 

                       Figure 4 Chronopotentiometry with current ramp results 75 

 76 

The power consumption was investigated to reveal the influence of electrochemical oscillation on the 77 

charging efficiency. An extra power consume was a result of the electrochemical oscillation. The relative 78 

power-consume (PRC) was calculated as PRC= the average power consumption on anode / (Va·Ia), where Va 79 

was the potential, Ia was the charging potential. The results were shown in Figure 5. The influence of 80 

electrochemical oscillation on the charging efficiency will be enlarging in long-term charging, and much extra 81 

power will be consumed. This part of power consumption should exist in practical charging process, even 82 

though it is often ignored. It is beneficial for improving the charge efficiency and energy-saving if the 83 

electrochemical oscillation could be regulated.  84 

 85 

Figure 5 the dependence of extra power-consume on the time in different charging current  86 

(anolyte: 1 M VOSO4 + 2 M H2SO4; catholyte: 2 M H2SO4) 87 

 88 
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The mechanism of the electrochemical oscillation was investigated. During the charging process, the 89 

main chemical reactions in the system were showed in Figure 6. The VO2+ in the anolyte was oxidized to 90 

VO2
+ on the surface of the anode. As V(V) had low solubility in high acidic solution [16-18], VO2

+ would 91 

hydrolysis and formed V2O5 according to Equation (5) [18]. And also as the high acidic, V2O5 then dissolved 92 

according to Equation (6). The competition between the generation and dissolution of V2O5 resulting the 93 

electrochemical oscillation [19].  94 

2 VO2
+ + H2O → V2O5 + 2H+                                                                 (5) 95 

V2O5 + H+ →2 VO2+ + H2O                                                                  (6) 96 

 97 

Figure 6 The reaction model in the charging process 98 

4. Conclusions 99 

In summary, the electrochemical oscillation was first observed in the charging process of anolyte in 100 

VRFBs. The chronopotentiometry with current ramp results could be used to judge the appearance of 101 

electrochemical oscillation. The electrochemical oscillation could be explained in terms of the competition 102 

between the growth and the chemical dissolution of V2O5 film in the H2SO4 solution. It was possible to regular 103 

the extra power consumption resulted by the electrochemical oscillation. This work might provide new focus on 104 

the charging process of the VRFBs and guide for new methods on energy saving. 105 

 106 
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