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Abstract: Polymer electrolyte fuel cells and water electrolysis are attracting attention in terms
of high energy density and high purity hydrogen production. The catalyst layer for the polymer
electrolyte fuel cell and water electrolysis is a porous electrode composed of a precious metal-
based electrocatalyst and an ionomer binder. Among them, the ionomer binder plays an import-
ant role in the formation of a three-dimensional network for ion conduction in the catalyst layer
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and the formation of pores for the movement of materials required or generated for the elec-
trode reaction. In terms of the use of commercial perfluorinated ionomers, the content of the
ionomer, the physical properties of the ionomer, and the type of the dispersing solvent system
greatly determine the performance and durability of the catalyst layer. Until now, many studies
have been reported on the method of using an ionomer for the catalyst layer for polymer elec-
trolyte fuel cells. This review summarizes the research results on the use of ionomer binders
in the fuel cell aspect reported so far, and aims to provide useful information for the research
on the ionomer binder for the catalyst layer, which is one of the key elements of polymer
electrolyte water electrolysis to accelerate the hydrogen economy era.

Keywords : Polymer Electrolyte Membrane Fuel Cell, Polymer Electrolyte Membrane Water Elec-

trolysis, Catalyst layer, lonomer Binder
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PFSA lonomers: General Chemical Structure
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Fig. 1. General chemical formula for the PFSA ionomers of various forms, shown with key chemical structural
parameters governing their phase separated morphology and properties. Impact of EW and side-chain chemistry is
highlighted for selected commercial PFSAs. Reprinted with permission from Ref. 28 Copyright® 2017 American

Chemical Society.
QivE FEaA o]lkroH, WY FSTA FH

o] A7 FAE e ZFHESESFLZAER
(Polytetrafluoroethylene, PTFE)A] SA1& (Backbone)S
7™ A& (Side-chain) T SO;9F 22 ol
A ol2udr7t Ff AR=E e FHE 7
=t FARES AARES &4 71EE 7Y ol
e AP 7EE e ®

Fig. 1914 Uehd X" 284 dsid As57A
2 A3 ST 488 98 FEA| olewH= d
A ChemoursAt2] Nafion™, SolvayAF] Agquivion™
3MARS] 3M™ jonomers, Asahi Kaseir}2] Aciplex™<}t
Ashai GlassAle] Flemion™o] th¥zo|m ol =k
FA (Equivalent weight, EW)e} A& 732 2 o]
of Wt tEA FEEW, EWSF BAlE 7R 22
EA49] Aol BAAGY o] T8 840 g
git, 7bz7te] o]elem o] EWe o|2wd I1F T
G AR AL F, Gpotymer/® MOlignic.growy = HFEFA
w o]2w3 &2(on exchange capacity, IEC)ol| 4t
vl gtk EWs= PTFE 718F FARES] 7R (m)et &
Hol] glom,

=1

o)

100m + I\/I\Nside-chain—g‘E L]'ﬂ'% '/[: 2R

o} T3 CF,E 7|Hte 2 3 FAKES A9d ArE
o] Zolo] wz} LSC (Long-side chain) ©]Q=m<}

SSC (Short-side chain) ©]|=MZ JFE3}IL JOH,
LSC-0] 2=+ ChemoursAke] Nafion™2 SSC-©] 2
=W Z SolvayAle] Aquivion™, 3MA}e] 3M™
ionomers, Asahi KaseiAl2] Aciplex™$} Ashai
GlassAte] Flemion™g F2 ARg-3la e >3

22 DX} Mol AARMK| SUHS0| T 0|24
of g

b AFH wleh o] TEA sl ARAAE
A% Folze ABE Ade) o), Fo) (A 2
ol WY IFAE §ulsh FIse] Fv) Y22
Ae 1 A B Fe AR 2HE T

Azxdt] v AFF5oR2 Ax AR g
FZujSd A W2 WSS E (Kinetics)E 3= &

=

ujZo] HAE 71, %58_ 3 A(Proton) H&=7g 18]
EEE %0%91 oI%Fe] siol} Bek

Z0)% el o] @rli WFEEPYC) W] B A
Ak B NBL B gsw 93 $9F FojEo



A73)8k8)|A), A 259, A 435, 2022 177

HE-S-(Oxygen reduction

Ao (D e kA )
b kg te] olF AR R FQa3th

reaction, ORR)=

S
Tt Ut

[e= iR

==
0, + 4H" + 4¢ — 2H,0 )
Aoz yRA As)d ARAANM LSC o2

el SSC olewHE AREEIgton, o]F o]&s
Az SulE Fxol| gk o] JFo] B
o] gt} PFSA 0]9xHE Edt A1 FA
A 7HRE YUY, A2 o2 EWS side-chain®] 2
olo] ME o]k FF, YT o]l xHolA
o] }o], o]ler %ﬁh“ 9 Znjas A
%“Hi __,_Evl— 2= Olq_

o] EWE 229 backbone @ side-
chain®} 71 o] glow, olewme] AF3 44
2b S A A S W 2Esla
AT} kA AWk 3} o] EWE o2 Wkl
7157191 £EA7] 1 e sFshs v ay B

AZ Jehie 1ECO] wlgdich Ew 7]\t a4zt
2= 3782 Asjd dEHA Zujzo] AR ThE
EWE Zb= Nafion ©]@=HE A&3le] &3] 75
" 2700A 45H7EE YRS w Aol Hoh

\[\

Adsorbed ionomer Free ionomer

atol= fAIRE
= olewmrt **—OM g fEEs B
2 98zl vk Aok FYE ojekem I
Zﬂ°ﬂ* o EwE ;&% O]Q_L—_DV} =]
ul _1;]_;_2‘;_:} 101:1:]
= %Xl sk ol Jrﬂlﬂ‘”t} 2 Flg 2%} 7‘01
e EWE zh= SSC Alge] ¢lxwE AR
o PYCSt ol FEA AEE S UESA
7 @A 49§ e RS B up QQup D
EW % side-chainol] W&} &nj% = 9
Ao WrAol= FFe FA Hrh 3 AFelM=
side-chain®] ZAole] we} 7=+ SSC ¥ LSC ©]
QxmME 83} AST (Accelerated stress test)
protocol® W4 7 APt A AFLE +
Zholl Al SSC-25 (25% SSC HahHE 4% &4
LSC-25 (25% LSC $he 13%2] <48 BI5%
o ol FL side-chaing ZH= SSC olo:=H7}
Zhe F2A QP 7IR1E £ ATk g} gk
g H7E A, $o] 3" Adw0.6 V)olAe] A
FEUEE SSC25% 28%%] 4= 67%9] &4& HSl
LSC-25 B} Y743 H7kl e AFEE S4o] ¥
A H7rEAT SSC ©] 2 =M (Aquivion EW790,
Solvay)& A3 S ®wl LSC ©] 2xm(Nafion

, 7ol Goldsg ;%% EWE

N

lﬂJHI

Good ionomer network from SSC

Bad ionomer network from SSC

Fig. 2. Ionomer network of catalyst layers for proton exchange membrane fuel cell. Represented contents from Ref. 41.
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