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Abstract
Fuel cells are seen as eco-friendly energy resources that convert chemical energy into electrical energy. However, proton ex-

change membrane fuel cells (PEMFCs) have problems such as the use of expensive platinum catalysts for the reduction of
conductivity under high temperature humidification conditions. Thus, an anion exchange membrane fuel cell (AEMFC) is at-
tracting a great attention. Anion exchange fuel cells use non - Pt catalysts and have the advantage of better efficiency because
of the lower activation energy of the oxygen reduction reaction. However, there are various problems to be solved including
problems such as the electrode damage and reduction of ion conductivity by being exposed to the carbon dioxide. Therefore,
this mini review proposes various solutions for different problems of anion exchange fuel cells through a wide range of re-

search papers.
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Figure 1. Fuel cell automobile: (a) Toyota Mirai (b) Kenworth T680 fuel cell heavy truck (c) Hyundai NEXO.
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Figure 2. Comparison of various fuel cell systems: PEMFC vs AFC vs AEMFC.
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Figure 3. Reaction pathways for oxygen reduction reaction (ORR) in
acidic and alkaline media[16].
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Table 1. Ionic Mobilities in Water at 298 K: Proton vs Hydroxide Ion

u (10% m%s - V) u (10% m¥s - V)
H 36.23 OH 20.64

AFC)7} 9131, ©]9] 7% potassium hydroxide -&o] Haj @2 A5
o], olalslekiel wEEW VAkdo] AgE Ao &3S T
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Figure 4. Conductivity of AEM (A201, Tokuyama Co.) at 50 T as
a function of equivalent fraction of carbonate ion species to
quaternary-ammonium base (95%RH)[20,21].
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Table 2. Recent Major Issues Related to Anion Exchange Membrane Fuel Cells

Institution Items Conductivity References
L AEM: Poly(ethylene-co-tetrafluoroethylene) 0.089 S/cm
Surrey University grafted with vinylbenzyl chloride (radiation grafting) (60 C, in DI water) (29]
Los Alamos AEM: Poly(terphenylene) (60 (():111121 ?)/IC nvlvater) [30]
. . 0.038 S/cm
Tokuyama AEM: Composite membrane using LDPE film (A201) (23 C, 90%RH) [31]
Fumatech AEM: 1,4-diazabicyclo[2,2,2]octane-Poly(ether sulfone)(FAA series) (70 %06"21 SD/f nvlvater) [32]
R T 0.1 S/cm
University of Delaware AEM: Poly(aryl piperidinium)(ether-free form) (95 C, in DI water) [33]
Colorado School of Mines AEM: Poly(phenylene oxide)-block-poly(vinyl benzyl trimethyl ammonium) 0.12 Slem [34]
- roiPheny POLYIVIRYT betiey Y (60 C, 95%RH)
. . . . 0.073 S/cm
Incheon National University AEM: Terminally-crosslinked polymer (ex. PES, PPO etc.) (80 C, in DI water) [35]
S . 0.028 S/cm
KIST Binder: Poly(arylene ether sulfone) based binder (60 C, 100%RH) [36]
. . . .. . . . 0.075 S/cm
Gyeongsang National University AEM: Poly(ether ether ketone) containing ammonium and imidazolium (80 C, in DI water) [37]
®
o [
o e
® ®
Charge moves > 10A
[ ]
° ®
®
o
Translational diffusion of carrier ions Protons jump between neighboring While individual protons move < 2A
molecules through the H-bond network
(a) (b) ©
Figure 5. Conductivity mechanism in ionic systems: (a) Vehicular motion (b) Proton hopping (¢) Grotthuss mechanism.
gk ole] FAIo] o, FAF O R Fol& wEuke] kYA, 5ol 2.5. 5012 W AZMX|(AEMFC)2| FUHL0|H+
& W] ARk, S50x9] FulldA, oilsietie] o]gh v, Uh5 Table 2= < ol wdhol thgh Foulttolgre] e
=5 AT e e A EAFe] EAsth26]. A, proton} gk Aoty H 452 Surrey Universityoll A= F2 AAH]
hydroxide ion?] ©]-&H|HUFS Figure 52 2©], Grotthuss hopping (electro-beam)S  ©]&3dto] WAL TIEZLE W (radiation-grafting
mechanism™} vehicle mechanism®] 2|3 FAsHA AdE ) AT method) .2 0] WS A F3h= WHo] F£& o] Fox|aL glo
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sl 2ol w3kute] Ao o = EA|Ho] 9Ith19]. &, o]Aikg) s Sol2w ks Axst AT Ugelqltk 1 A¥E, 60 T =
AR QI3 wiR 0w A=A gkl 4AdH ol 733&501 Hoj T 24 OH A EE7F 0.089 S/lem?] #H5 7H= IS A
A3, AEAA Aeo] Astarhs ©lo] glok v o R ofolw SFATH29]. 18], "]=2] Los Alamos A--4x¢l4:= poly(terpheny-
S uRlt it ofH7bA] Fol 2wk nielr] o] =5 A7} EA) e lene) ILFAE o] g3l Fol& WS A|xsh= WS AlAEHA

I, 60 C S5 24 0.112 S/eme) A= AAEHITH30]. Al
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Figure 6. Anion conductivities reported in the literature for AEMs in
the past decades[35].
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Table 3. Types of Major Anion-exchange Polymeric Binders
Tonomer Power density @ maximum (mW cm?) Durability @ 100 mA cm? (hours) Ref.
ETFE-g-poly(VBTMAC) 1,160 - [48]
QASEBS 375 550 [49]
S-PFSO,NH-GCI-CI 138 - [50]
QAPVA 173 - [51]
AS-4 (Tokuyama) 338 234 [52]
QPMBV 180 - [53]
QAPS 100 - [54]
FAA 200 146 [55]
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