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Figure 1 Structure of all-vanadium redox flow battery
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Figure 2 The schematic of (a) homemade battery setup and (b) gradient electrode design for VRFBs

with serpentine flow field structure.
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Figure 3 Catalytic mechanism of graphite felt electrode for vanadium ion redox reaction
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Figure 4 Schematic illustration of the preparation of the hollow Ti;C, T, spheres
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Figure 6 The optimized structures of (a) graphite pristine surface, (b) graphite surface with carbonyl group.
(c¢) Bi adsorbed graphite original surface and (d) Bi adsorbed graphite surface with carbonyl group.

The charge difference plots of Bi adsorbed on (e) graphite pristine surface and ({) graphite surface with carbonyl group.
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Figure 8 Schematic diagram of PVDF/SiO,-SO, H composite membrane:
(a) Cross-sectional morphology of porous PVDF before doped with SiO,-SO, H; (b) Enlarged view of selected areas
in PVDF/Si0,-SO, H composite membrane
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Figure 10  Synthesis of sulfonated polyimide
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Figure 12 The fabrication of KOH-doped porous PBI membranes
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Figure 13 Schematic synergistic effect of electrospun SPEEK nanofibers and MWCNT on electrical
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Figure 14 Description of the manufacturing process of the SPEEK/MCM film and the mechanism of

enhancing the electrical performance of VRFB
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Figure 15 CNC processing principle and proton conduction mechanism in the membrane
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Figure 16 Schematic illustration of vanadium redox flow battery employing the SPEEK/lignin composite membrane.
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Research Progress of Proton Exchange Membranes and Electrode
Materials for All-vanadium Flow Batteries

JING Xin, LI Xia, HAN Wen-jia”
(State Key Laboratory of Biobased Material and Green Papermaking sQilu University of Technology s
Shandong Academy of Sciences. Jinan 250353, China)

Abstract: Vanadium redox flow battery ( VRFB) is a new type of electrochemical energy storage device with
environmental friendly. long life, high safety and stable electrochemical performance. It is one of the current energy storage
systems with great development potential. Electrodes and proton exchange membranes are key materials for VRFB and play
decisive role in the electrochemical performance of the batteries. According to the differences in raw materials and
structures of key materials. In this paper, the classification and characteristics of electrode and proton exchange membrane
are described in detail, and the recent progress of the structure and functional modification of the two key materials as well
as the composite and modification methods of different materials are summarized, and the future research emphasis and
development direction are described.
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