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Abstract 

 

Enclosed and open batteries have been widely used for electrical energy storage at medium 

and large scales [1-8]. Redox flow batteries (RFBs) are open batteries, thus scalability is a 

major advantage of these devices; engineering cell reactors for desired output power can be 

performed independently, without altering the available capacity and vice versa [8]. All-

vanadium redox flow batteries (VRFBs) are a type of RFB with the unique benefit of not 

suffering from cross contamination and irreversible capacity decay as a function of crossover 

(both water and vanadium) [9,10]. 

 

Crossover of vanadium ions and water through the ion-exchange membrane occurs due to 

several drivers; of them, concentration gradient and electric field are considered dominating 

contributors [11-15]. Among various components being used within the VRFB architecture, 

ion-exchange membranes play a significant role, influencing not only the rate of crossover but 

also affecting the performance of the cell directly [8]. It is well-known that the ohmic 

overpotential is dominated by the membrane in VRFBs. Therefore, engineering ion-exchange 

membranes must improve ionic conductivity while reducing crossover; this optimization 

effort is the subject of much research in the literature. 

 

One of the major issues to be addressed is the contribution from interfacial phenomena 

(contact resistance between electrodes and membrane) to the ionic conductivity along with 

ionic and water transport through the ion-exchange membrane. In this work, we have utilized 

a novel experimental set-up (capable of measuring the ionic crossover in real-time) to 

quantify the permeability of ionic species. In addition, we have designed, engineered and 

prototyped several conductivity cells for measuring the ionic conductivity of the ion-exchange 

membranes and electrolytes ex-situ. Such a comprehensive experimental diagnostic has 

enabled us to provide further details regarding the impacts of interfacial phenomena on ionic 

conductivity and crossover. The results of this study provide deeper insight into the 

optimization of VRFBs for high-performance and robust applications. 
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