9 2.2 l(Membrane Journal)

Vol. 33 No. 2 April 2023, 77-86 Brint 1SSN: 12260088

Online ISSN: 2288-7253
DOI: https://doi.org/10.14579/MEMBRANE_JOURNAL 2023.33.2.77

—_ 1 L= —
5’_,}- 7]_ ;ﬂ* . 7‘:]' = {gg** 1‘,11. }\J. %—*,**,T

Development of Pore Filled Anion Exchange Membrane Using UV Polymerization Method
for Anion Exchange Membrane Fuel Cell Application

Ga Jin Kwak*, Do Hyeong Kim**, and Sang Yong Nam**,'

*Department of Polymer Science & Engineering School of Materials Science & Engineering, Gyeongsang National
University, Jinju 52828, Korea
**Research Institute for Green Energy Convergence Technology, Gyeongsang National University, Jinju 52828, Korea
(Received February 24, 2023, Revised March 31, 2023, Accepted April 14, 2023)
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e WTAE sk fE Y HEZ E2Q o3 &A1 O34 AAAE AESIH AFde @EA
2-(dimethylamino)ethyl methacrylate (DMAEMA), vinylbenzyl chloride (VBC)E ©]-83}¢] copolymerE A=t 7tuAl=
divinylbenzene (DVB)Z A3t 1 7luAl SHE 2 o] ewdhutS A %3te] DMAEMA-DVBS VBC-DMAEMA-DVB co-
polymeroll A 7Fu A &5Fo] wixl= FaFol B3| AF3IATE I A3, PTFE &A] AAAE o] 83l 3183 Aol &
3L A UV FZE ARGat] W2 254 wE F5eo] 7Hsst AAEE Y o e Aol ok sol2ud 7t
ARHA Y 87EE ol2uwde] E814 9 334 PAS gRIsh] fsiA A=t WeEEld H2EE 21854
o O A3, 7uET SUFESE IS UE 40 MPaZt S7Fet L, HFHOR o2 ERe} W eZE Ay HAEE T3
7vaA o] FUdrE & MEA o] STk As Rlsiith

Abstract: In this study, pore-filled ion exchange membranes with low membrane resistance and high hydroxide ion con-
ductivity was developed. To improve alkali durability, a porous substrate made of polytetrafluoroethylene was used, and a
copolymer was prepared using monomers 2-(dimethyl amino) ethyl methacrylate (DMAEMA) and vinyl benzyl chloride
(VBC) for pores. divinyl benzene (DVB) was used as the cross-linker, and ion exchange membranes were prepared for each
cross-linking agent content to study the effect of the cross-linker content on DMAEMA-DVB and VBC-DMAEMA-DVB
copolymers. As a result, chemical stability is improved by using a PTFE material substrate, and productivity can be in-
creased by enabling fast photo polymerization at a low temperature by using a low-pressure UV lamp. To confirm the phys-
ical and chemical stability of the ion exchange membrane required for an anion exchange membrane fuel cell, tensile
strength, and alkali resistance tests were conducted. As a result, as the cross-linking degree increased, the tensile strength in-
creased by approximately 40 MPa, and finally, through the silver conductivity and alkali resistance tests, it was confirmed
that the alkaline stability increased as the cross-linking agent increased.

Keywords: pore-filled ion-exchange membranes, UV-polymerization, anion exchange membrane fuel cell, alkaline
stability
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(a) Surface-section Cross-section (b) Surface-section Cross-section

VBC-DVB-10
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90.76 89.04 89.60 91.79 89.52 86.34
Element
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Fig. 3. EDX N element mapping images of reinforced
composite anion exchange membranes (a) DMAEMA-
DVB10, (b) DMAEMA-DVBI5, (¢) DMAEMA-DVB20,
(d) VBC-DMAEMA-DVBI10, (¢) VBC-DMAEMA-DVBI5,
(f) VBC-DMAEMA-DVB20.
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Fig. 4. FT-IR Spectrum of (a) base membranes after photo
polymerization, (b) reinforced composite anion exchange
membranes after quaternization.
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50
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= 304
%
E 204
109 ——VBC-DVB 10 wt%
— VBC-DVB 15 wt%
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% 1 20 30 40 50 e 70
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Fig. 5. Mechanical properties of reinforced composite anion exchange membranes (a) DMAEMA-DVB, (b) VBC-

DMAEMA-DVB.
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Table 1. Thickness and Ion Exchange Capacity of the
Reinforced Composite Anion Exchange Membranes

Membrane IEC Thickness
(meq./g) (nm)
DMAEMA-DVBI10 3.27 37
DMAEMA-DVBI5 2.99 34
DMAEMA-DVB20 245 34
VBC-DMAEMA-DVBI10 3.29 36
VBC-DMAEMA-DVBI15 3.16 35
VBC-DMAEMA-DVB20 3.09 33
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Fig. 6. Ion conductivity according to temperature for the
reinforced composite anion exchange membrane I.
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Table 2. Alkaline Stability of Reinforced Composite Anion Exchange Membranes

Thickness (um) @ 80°C

Remaining ion conductivity @ 200 h (%)

Membrane

Initial 200 h 60°C 80°C

DMAEMA-DVBI10 37 52 73.1 72.7

DMAEMA-DVB20 34 51 78.6 76.5

VBC-DMAEMA-DVB10 36 55 85.8 80.1

VBC-DMAEMA-DVB20 33 50 89.3 87.3
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