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V). The large value of the peak potential separation within such potential 

window (the difference between anodic and cathodic peaks) indicates the slow 

kinetics of the electrochemical reactions for both V(V)/V(IV) and V(III)/V(II) 

redox couples. Therefore, the electrode modifications are required to optimize 

the electrochemical activity of redox couples in vanadium electrolytes. [10] 

 

 

Figure 2.11 Cyclic voltammogram of 1 M VOSO4 in 2 M H2SO4 solution at 

different scan rates: (1) 100, (2) 200, (3) 300, (4) 400, and (5) 500 mV.s-1. 

 

b. Electrode/Bipolar Plates 

 

In a practical system, to reduce the electrical resistance, the VRFB porous 

electrodes are often combined with a bipolar plate as one component [10]. The 

bipolar plate plays a role as a current collector, isolating the positive electrolyte 

and negative electrolyte into two different sides. Moreover, to help to support 

the porous electrodes and to guide the flow of vanadium electrolytes through 

the cell, the bipolar plate is often designed with flow channels on both sides. To 

fulfill the operational requirements of VRFB, the bipolar plate must have many 

excellent properties: low bulk and contact resistance, high structural and 

mechanical stability, and chemically compatible with all chemicals present in 
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There are two most common types of the membrane have been investigated for 

VRFB applications: cation and anion exchange membranes. In addition, there 

are also some studies on the traditional dense membrane, microporous 

membranes. 

 

The Nafion membranes are probably the most common-used membrane in 

VRFB applications among widely researched materials. The Nafion membranes, 

in general, have a high proton conductivity, high chemical stability in strong 

acidic and oxidative environments. Even so, the vanadium ions still can react 

with each other by crossing through the Nafion membrane, causing the cell 

capacity loss and the reduction of energy efficiency in VRFB systems. Many 

factors can affect the transportation rate of the vanadium ions through the 

membrane: the vanadium ions H2SO4 concentrations, the electrolyte state of 

charge, the properties of membranes and the temperature. Sun et al. reported in 

a study that the diffusion coefficients of the vanadium ions through the Nafion 

115 membrane can be arranged as follows: V(II) > V(V) > V(IV) > V(III). [57] 

To improve the properties of Nafion membranes, some modification methods 

have been investigated. One of them is the synthesis of Nafion based hybrid 

membranes, such as Nafion/polyethylenimine (PEI) composite membrane, 

Nafion/sulfonated poly(ether ether ketone) (SPEEK) layered composite 

membrane, Nafion/pyrrole membrane. The hybrid structure of Nafion based 

membranes could help to reduce the vanadium ion permeability through the 

Nafion membrane and improve the energy efficiency of the VRFB systems. [10] 

 

Discovery of alternative membranes is another solution to promote the 

performance of VRFB. In the past few years, some new types of IEM, 

including hydrocarbon-based proton exchange membrane (PEM) [58-60], anion 

exchange membrane (AEM) [61-63] and nanofiltration membranes (NFs) [64, 

65], have been investigated for use in VRFB application. In which, it is 

reported that AEM has low vanadium permeability, which results from the 
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scattering techniques. However, due to the cost of many of the above 

techniques and also the complications associated with slow precipitation 

kinetics, many of the established techniques are not suitable for a large-scale 

additive screening. 

 

Therefore, the common and simple static test, which includes a water-bath and 

a thermometer to control the temperature, is more suitable. One drawback is 

that the positive electrolyte solutions are is strongly absorbing and it is hard to 

detect precipitate with the naked eye. In this case, the onset of precipitation 

should be extended to the further stage: the formation of large precipitate 

particles, which could be easy to observe at the bottom of the testing tube. In 

order to gain accurate information on a large library of compositions, the 

thermal stability test should be repeated several times with regularly checking. 

 

The thermally stable additives, then, will be further investigated to examine the 

chemical stability in the strong oxidative medium of V(V) solution, especially 

for organic additives. Ultraviolet-visible spectroscopy and titration can be 

conducted to detect the oxidation of additives in the positive electrolyte. 

Moreover, the composition analysis should be also performed to clarify that 

there is no solid product formed between the positive vanadium solution and 

additive itself. 

  

3.1.2 Electrochemical Testing of Thermally Stable Additives 

 

It is essential that a stability additive is stable over the full range of chemical 

and electrochemical environments found in the vanadium redox flow battery, 

before testing in practical VRFB system. The electrochemical stability of the 

thermally stable additives will be investigated by cyclic voltammetry as well as 

electrochemical impedance spectroscopy.  

 






























































































































































































































































































