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2 ok AH vES A8 A (direct methanol fuel cell, DMFC)= 52 714 §lo] Wehe A8E T3 4ol
Az APE B3 AFE At duA WE Fx|olth. @A) DMFCY 453 Je TEA Hald (polymer electro-
lyte membrane, PEM)& & 402 AExel 2318t PGS zhe AEASH o] E -85 PEMO|ARE &
2 WekE BE E3) A HAEE 3 29 £ T ZAE Q& At &) Aol a7 EI ok HZ 9, AEA
S| ol Hls| BE ds FiE 9 973 23y S Zte w3l 184 719 PEMS DMFC| A
3= AT-so] R itk B FAHoAE g3 184 7|8 PEM F 1) 58/47E G99 TR v
g 72 Y E 7Y F5EAE F8te ol AEAAH WEg] AHEE FFAZ AT, 2) Al dAA 7t
W FEE EYst HgE TS FAAT I A PEAS AR AT 3) A VA 2 oA AAAE =
Y] s A B3 2 s ATl sl &Stk gk

Abstract: Direct methanol fuel cells (DMFCs) have been attracting attention as energy conversion devices that can di-
rectly supply methanol liquid fuel without a fuel reforming process. The commercial polymer electrolyte membranes (PEMs)
currently applied to DMFC are perfluorosulfonic acid ionomer-based PEMs, which exhibit high proton conductivity and
physicochemical stability during the operation. However, problems such as high methanol permeability and environmental
pollutants generated during decomposition require the development of PEMs for DMFCs using novel ionomers. Recently,
studies have been reported to develop PEMs using hydrocarbon-based ionomers that exhibit low fuel permeability and high
physicochemical stability. This review introduces the following studies on hydrocarbon-based PEMs for DMFC applications:
1) synthesis of grafting copolymers that exhibit distinct hydrophilic/hydrophobic phase-separated structure to improve both
proton conductivity and methanol selectivity, 2) introduction of cross-linked structure during PEM fabrication to reduce the
methanol permeability and improve dimensional stability, and 3) incorporation of organic/inorganic composites or reinforcing
substrates to develop reinforced composite membranes showing improved PEM performances and durability.

Keywords: direct methanol fuel cells, polymer electrolyte membrane, comb-shaped copolymer, cross-linked membrane,
reinforced composite membrane
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Fig. 1. Schematic diagram of DMFC.
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CF, (Chemours)

CF—CF; (b) 3M™ m=47 x=0 y =4

o) (c) Aquivion® m=5.5 x=0y =2
B (Solvay)
( CF )y (d) ssc m=3.6-10 x=0y =2

‘ (Dow chemieal)
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Fig. 2. Chemical structures of PFSA ionomers: (a)
Nafion®, (b) 3M™, (c) Aquvion®, (d) SSC.
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Table 1. Representative Chemical Structures of Sulfonated Hydrocarbon-Based Polymers
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Fig. 3. Representative chemical structures of hydrocarbon-
based graft copolymers.
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Fig. 4. Structure and schematic illustration of CSPIs and cross-linkers.
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Table 2. IEC, Methanol Permeability, Proton Conductivity of SH-PEMs on This Study

Methanol

Samples Membrane Type (m;(]icg'l) pceor:;ili)eiﬁg Pmto(il;o:il_llc)t ivity Ref.

107 em? s
SPAEKS-PSA 15 Branched 0.78* (10 M) 6.03 (100 RH%) 101° [41]
MTSPAEK-2.10 Branched 2.57° (10 M) 7.80 (100 RH%) 181° [44]
1-tSPP-co-PAEK 1.50 Branched 1.47° 2 M) 6.05 (100 RH%) 60° [51]
CSPI-AP-10 Cross-linked 2.29° (10 M) 4.59 208° [71]
C-SPEEK_1.0 Cross-linked 1.96" B M) 120 (100 RH%) 185¢ [72]
HBSPE/SGO 0.50 Composite 1.74° (10 M) 7.87 (100 RH%) 355° [89]
PAEK (f = 5%) Pore-filled 1.47° 2 M) ~3.86 (90 RH%)~84° [104]
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