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Development of Composite Bipolar Plate for Vanadium Redox Flow
Battery

Jun Woo Lim'

ABSTRACT: Carbon/epoxy composite bipolar plate (BP) is a BP that is likely to replace existing graphite bipolar plate
of vanadium redox flow cell (VRFB) due to its high mechanical properties and productivity. Multi-functional carbon/
epoxy composite BP requires graphite coating or additional surface treatment to reduce interfacial contact resistance
(ICR). However, the expanded graphite coating has the disadvantage of having low durability under VRFB operating
conditions, and the surface treatments incur additional costs. In this work, an excessive resin absorption method is
developed, which uniformly removes the resin rich area on the surface of the BP to expose carbon fibers by applying
polyester fabric. This method not only reduces ICR by exposing carbon fibers to BP surfaces, but also forms a unique
ditch pattern that can effectively hold carbon felt electrodes in place. The acidic environmental durability, mechanical
properties, and gas permeability of the developed carbon/epoxy composite BP are experimentally verified.
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Fig. 1. Schematic drawings of VRFB stack
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Table 1. Properties of carbon fiber prepregs

USN-020 A, SK Chemicals

Fiber | Fiber Fiber properties
Density | areal | volume | Thickness
(kg/m®) | weight | fraction | (1 ply, pm) Modulus | Strength
(g/ml) (%) (GPa) (GPa)
148 x 10°| 22 50 200 235 4.4
Table 2. Properties of polyester fabric
Release ply C, Airtech
Ftabrltc. . Maximum
. Thickness construc 1‘0n. Weight use
Material wrap X fill )
(pm) (kg/m*) | temperature
(ends/m x C)
picks/m)
Polyester 100 4090 x 3310 0.064 204
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Fig. 3. Experimental setup for ASR

Table 3. Properties of carbon felt electrode

Property Value
Thickness (mm) 3
Fiber volume fraction (%) 33
Fiber diameter (um) 7
Compressive modulus in thickness direction (MPa) 0.15
Carbonization temperature (°C) > 2000
Precursor type PAN
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Table 4. Permeability test results

Number of polyester Acid aging
fabric layer Before After
Neat composite No leak No leak
1 layer No leak No leak
2 layers No leak No leak
3 layers No leak No leak
4 layers No leak No leak
5 layers No leak No leak
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Fig. 11. Tension test results
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