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Abstract: In light of unclear structure-performance relationships among different types of electrodes for
vanadium redox flow battery (VRFB) and the difficulty in balancing mass transfer and electrochemical
performance, carbonaceous electrodes, including graphite felt, carbon cloth, and electrospun carbon
fibers (ECFs), were studied to elucidate their structure-performance relationships and explore the

coupling mechanism between concentration and current density fields. First, the three electrode types

OB H . 20250015, {EH A BERTCL096) . B LA A L GRIGIE ) A R LA BT, 4
B EZEARP I (52293413) s BTG 4 4ol g B Bk T 2 BT B i [/ (2023-LL-QY-8) 5 [ 5 T 5 WF 42 1 &l
¥ B9 H (2023 YFC3806402)

Pl 2% BB IR] < 2026-01-05 B 4 ML hitps: //link. cnki. net/urlid/61. 1069. T. 20260105. 0934. 002



46

TR 45 « LI I FL 3t B B M 2806 R B LU B 5 W 3 3 1A R 1 L BT 5

were characterized and key parameters affecting electrode performance were identified. Second,
the influence laws of electrode type and thickness on battery performance were examined, and the
structure-performance relationships between electrode properties and battery performance were
clarified. Finally, the coupling mechanism between concentration and current density fields was
analyzed, further revealing the electrode optimization mechanism. The findings are as follows:
Graphite felt possessed the highest permeability while ECFs exhibited the largest specific surface
area. Under a 2 cmX 2 cm test area, the optimal thicknesses of graphite felt, ECFs, and carbon
cloth were 2.0, 0.8, and 1.5 mm, respectively. Carbon cloth was observed to exhibit excellent
electrical conductivity, hydrophilicity, and electrochemical reversibility, and, owing to its
moderate permeability and specific surface area, to effectively coordinate the concentration and
current density fields. Moreover, with increasing electrode thickness, carbon cloth demonstrated
a high degree of coordinated transport from the under-rib region toward the membrane side.
Consequently, it was determined that the energy efficiency of a VRFB with carbon cloth at a
current density of 50 mA ¢ em % exceeded those of graphite felt and ECFs by 6.27% and 36.74%,
respectively. This study provides a theoretical basis and design concepts for the development of
VRFB electrodes that offer both mass transfer and electrochemical performance.

Keywords: vanadium redox flow battery; carbon electrode; structure-performance relationship;

coupling mechanism
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Fig. 1 Schematic diagram of ECFs preparation process
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Table 1 Geometrical parameters of VRFB
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Fig. 2 Computational model geometry of VRFB
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