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Abstract: In this study, we synthesized vinylbenzyl chloride—co—styrene—co hydroxyethyl acrylate
(VBC—co—St—co—HEA) copolymer that can be applied to redox the flow battery process. The anion
exchange membrane was prepared by the amination and crosslinking of VBC—co—St—co—HEA copolymer.
The chemical structure and thermal properties of VBC—co—St—co—HEA copolymer and aminated
VBC— co—St—co—HEA (AVSH) membrane were characterized by FTIR, 'H NMR, TGA, and GPC analysis.
The membrane properties such as ion exchange capacity (IEC), electrical resistance, ion conductivity and
efficiency of all—vanadium redox flow battery were measured. The IEC value, electrical resistance, and ion
conductivity were 1.17 meq/g, 1.9 Q - cm? 0.009 S/cm, respectively. The charge—discharge efficiency,
voltage efficiency and energy efficiency from all—vanadium redox flow battery test were 99.5, 72.6 and
72.1%, respectively.

Keywords: anion exchange membrane, water uptake, ion exchange capacity, electrical resistance, all—
vanadium redox flow battery.
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Table 1. Synthesis Conditions of VBC-co-St-co-HEA Copolymer

Code Weight ratio AIBN Toluene Reaction Reaction
No. "VBC St HEA Wt%) (wi%) time(hr) temperature(T)

VSH-1 25 45 25 1 40 36 70
VSH-2 30 45 25 1 40 36 70
VSH-3 35 45 25 1 40 36 70
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Figure 1. Synthetic mechanism of VBC—co—St—co—HEA co—
polymer.
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Table 2. Crosslinking Conditions of Aminated VBC-co-St-co-
HEA Membrane

Glutaric Hydrochloric Reaction  Reaction
Code No.  dialdehyde acid time temperature

(Wt%) (Wt%) (hr) ()
AVSH-1 0,3,6,9,12 0.5 7 80
AVSH-2 0,3,6,9,12 0.5 7 80
AVSH-3 0,3,6,9,12 0.5 7 80

Crosslinking

HY

Alkalization

1 mol/L KOH

Figure 2. Crosslinking mechanism of aminated VBC—co—St—
co—HEA.
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Figure 3. Cell diagram for measuring VRB efficiency.
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Table 3. Characteristics of VBC-co-St-co-HEA Copolymer

Feed ratio in copolymer MW PDI Conversion

VBC St HEA  (g/mol) (%)

Code

VSH-1 32 55 13 26x10" 34  8l4
VSH-2 47 34 19 29x10" 31 802
VSH-3 51 29 20 31x10' 29 786

25 —— VSH-1
—— V8H-2

5 10 15 20 25
Time(min)

Figure 4. GPC curve of VBC—co—St—co—HEA copolymer.
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Figure 5. '"H NMR spectra of VBC—co—St—co—HEA (VSH)
copolymer.

3BH $MJ3 VBC—co—St—co—HEA 353 W AVSH S0l
o] P22 olep] $sle] FTIR AFEY 418 sigier] 1 4
7} Figure 691 VERY SItt Figure 6 (a) oX Bz vfel o] VBC—
co—St—co—HEA Z=3019] 7% 3060 cm ™ 'ol|A] 4—vinylbenzyl
chloride$} 2~E]@le] Wk C—H A1%71% 979 2850 cm™!
A vld7]e] C-H AERE 3271 el 4—vinylbenzyl
chloride®] C—Cl E435]7} 800 em ™ 5ol veR L ® 2—hy—
droxyethyl acrylate?] oI2~EIZ7](CO0—) EX3)=7} 1712 cm™*
(C=0) %! 1435, 1058 cm ™' C—0—Ce] 2J5t 9|z} e tar
3500 cm ™! H-oll i O—H &3t 54w =7} Lpeh s 2102 Ko}
VBC— co—St—co—HEA @At =055 sk &
H D& 35830l o7 17F =408 olemgate] FTIR AHEH
o= oplap} Wagel wt T gl UERX ¢k —N(CHy)s

Polymer (Korea), Vol. 35, No. 6, 2011



590 wedm .

Transmittance(%)

1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000
Wavenumber(cm™)

Figure 6. FTIR spectra: (a) VBC—co—St—co—HEA copolymer;
(b) non—crosslinked AVSH; (c) crosslinked AVSH.
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Figure 7. TGA curves of AVSH membrane before and after
crosslinking: (a) VBC—co—St—co—HEA copolymer; (b) non—
crosslinked AVSH; (c) crosslinked AVSH.
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Figure 8. Water uptake of AVSH anion exchange membrane.
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Figure 11. Ion conductivity of AVSH anion exchange mem—
brane.
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density: 40 mA/cm?): (a) charge—discharge efficiency; (b) voltage
efficiency; (c) energy efficiency.
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