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Abstract: Vanadium redox flow battery (VRFB) is regarded as one of the most promising massive
electricity storage systems due to its long cyclic life, good safety, environmental friendly structure and
flexible design. As one of the core components in VRFB, the electrode has a significant impact on the
energy efficiency of the battery. However, the inherent shortcomings of the electrode, including insufficient
catalytic area, poor catalytic activity, electrode aging, side reaction hydrogen evolution reaction (HER) and
so on, have hindered the further commercial application of VRFB, with electrode aging and HER reducing
the lifespan of VRFBs and degrading their performance. There is a lack of reliable strategies to address
these issues, necessitating a comprehensive summary on existing research findings. Herein, the strategies
for enhancing electrode catalytic area and catalytic activity were reviewed. The characteristics of electrode
aging, methods for monitoring electrode aging, factors influencing HER, and advanced characterization
techniques for HER were then thoroughly discussed. Finally, practical and feasible suggestions for the
future development of VRFB electrode materials were proposed based on the current research status, with
the reinforcement of carbon fiber and the enhancement of sp” carbon stability within electrodes being the
key strategies for retarding electrode aging, while metal and metal oxides, as well as more uniform
electrode materials, holding great potential in HER suppression.
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Fig. 1 Overview map of main issues and modification strategies for VRFB electrode materials at the current stage
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Fig. 4 Schematic diagram of fabrication process of Ti,O, loaded carbon felt (a) and XRD patterns of Ti,0,-100 and
Ti,0,-100 loaded carbon felt (6)*); Schematic diagram of fabrication process (c) and EDS elemental mappings (d) of
W/Zr bimetallic organic framework™); Schematic diagram of fabrication process (¢) and SEM image (f) of TiC

modified nanopores graphite felt™*")
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