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Abstract: In this study, we have established the optimum design condition of pore-filled anion-exchange membrane for
all-vanadium redox flow battery (VRFB). From the experimental results, it was proven that the membrane design factors that
have the greatest influence on the charge-discharge performance of VRFB are the ion exchange capacity, the porosity of
substrate film, and the crosslinking degree. That is, the ohmic loss and the crossover of active materials in VRFB were
shown to be determined by the above factors. In addition, two methods, i.e. reducing the ion exchange capacity at low
crosslinking degree and increasing the crosslinking degree at high ion exchange capacity, were investigated in the
preparation of pore-filled anion-exchange membranes. As a result, it was found that optimizing the crosslinking degree at
sufficiently high ion exchange capacity is more desirable to achieving high VRFB charge-discharge performances.

Keywords: pore-filled anion-exchange membrane, all-vanadium redox flow battery, ion exchange capacity, porosity,
crosslinking degree
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Fig. 1. Schematic drawing of VRFB system.
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Fig. 2. Concept and preparation of pore-filled ion-exchange
membrane.
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Fig. 3. Reaction scheme of quaternized ionomer.
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Table 1. Physical and Electrochemical Characteristics of Prepared Pore-filled Anion-exchange Membranes

VBC : Sty Thickness IEC wWu Conductivity Electrical resistance
(mole ratio) (6 wt% DVB) (um) (meq./g) (%) (mS/cm) (Q + cm?)
0.15 : 1 26 0.99 4.40 0.44 5.80
020 : 1 26 1.12 5.99 1.37 1.88
025 :1 26 1.18 6.95 1.55 1.67
030 :1 26 1.20 8.65 222 1.17
0.50 : 1 26 1.51 12.7 3.82 0.68
0.70 : 1 26 1.70 20.0 4.81 0.54
1.00 : 1 26 2.20 26.5 8.97 0.29
E’,‘ 7 100 _/.\
0 —— Nafion 117 . 95k / — -
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Fig. 5. Changes in vanadium ion permeability through
pore-filled anion-exchange membranes according to (a) VBC
: Sty mole ratio and (b) substrate porosity, respectively.
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Table 2. Physical and Electrochemical Characteristics of Prepared Pore-filled Anion-exchange Membranes

DVB content Thickness IEC WU Conductivity Electrical resistance
(wt%) (VBC/Sty = 3/1) (um) (meq./g) (%) (mS/cm) (@ + cm?)
6 26 2.62 37.19 11.30 0.23
10 26 2.48 30.19 5.53 0.47
15 26 2.26 21.96 3.94 0.66
20 26 2.18 18.73 3.33 0.78
25 26 2.13 18.26 2.22 1.17
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Table 3. Physical and Electrochemical Characteristics of Nafion 117 and Prepared Pore-filled Anion-exchange Membranes
2+ .
Thickness VO . IEC wu Conductivity Ele-ctncal Transport
Membrane (um) permeability (meq./g) %) (mS/cm) resistance No. ()
K (cm?/sec) 48 ’ (Q + em?) ’
Nafion 117 178 6.16 x 107 0.90 37.0 12.4 1.43 0.987
VBC 0.25/Sty 1/DVB 0.06 26 131 x 107 1.18 6.95 1.55 1.67 0.978
VBC 3.0/Sty 1/DVB 0.20 26 1.85 x 107 2.18 18.7 3.33 0.78 0.975
__ 1500 100
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Fig. 8. Variation in battery efficiencies according to DVB
3 10 . content.
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(b) variation in VO* permeability through pore-filled
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Fig. 9. Comparison of battery efficiencies of Nafion 117
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