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Abstract: Polymer electrolyte membrane (PEM) serving as a separator that can prevent the permeation of unreacted
fuels as well as an electrolyte that selectively transports protons from the anode to the cathode has been considered a key
component of polymer electrolyte membrane fuel cell (PEMFC). The perfluorinated sulfonic acid-based PEMs, represented
by Nafion®, have been commercialized in PEMFC systems due to their high proton conductivity and chemical stability.
Nevertheless, these PEMs have several inherent drawbacks including high manufacturing costs by the complex synthetic
processes and environmental problems caused by producing the toxic gases. Although numerous studies are underway to ad-
dress these drawbacks including the development of sulfonated hydrocarbon polymer-based PEMs (SHP-PEMs), which can
easily control the polymer structures, further improvement of PEM performances and durability is necessary for practical
PEMFC applications. Therefore, this study focused on the various strategies for the development of SHP-PEMs with out-
standing performance and durability by 1) introducing cross-linked structures, 2) incorporating organic/inorganic composites,
and 3) fabricating reinforced-composite membranes using porous substrates.

Keywords: polymer electrolyte membrane fuel cells, polymer electrolyte membrane, cross-linked membrane,
organic/inorganic composite membrane, reinforced composite membrane
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Fig 1. Schematic diagram of PEMFC.
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Fig 2. Chemical structures of PFSA based PEMs: (a)
Nafion®, (b) 3M™, (c) Aquvion®.

based PEM, PFSA-PEM)°| Ith(Fig. 2)[8]. PFSAS]
27 EAo| disl AvRH AFdQ ZYEHEGEF
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He FES s34 %’““ X#J‘Ul el
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= AHE 2 di6,11,12]. SHA
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Table 1. Representative Chemical Structures of Sulfonated Hydrocarbon-based Polymers

Polymer Structure
HO;S,
1 9 9
SPAS ﬁ‘@*ﬁ
o O 'n
SO3u
SO;H
o o
Il Il
SPAES’ Fo- OO - OO0 OO,
HO,S
SOH

fo-G-OHO
oo
so,n
spr J[ '
H035

! Sulfonated poly(arylene sulfone), % sulfonated poly(arylene ether sulfone), 3 sulfonated poly(ether ether ketone), * sulfonated polyimide

F2 AL HIE 9 9 Ad o R FAE PFSAY T g &3} JF o2 PFSA0] nls|] wron Fao ut
2 EXoA fFEe e fEldo] &5 (glass tran- < fr5Ad EZ F40l2 AEET} PFSA-PEMO H]3]
sition temperature, Tp)oll 2|3 1 52 A E4 A Uehue Ao g ZgatA "rh20,21]. olH g
2 & A EAHHF) I 22 e 220 dHE FAK S aldstr] st SHPO| wHE ©hod =E4h
FAHE] RaEa 9lu13,14]. ©]¢F & PFSA-PEM 7] HlE&E S7HNA Faole AR §EAS AL
o] FARE st €FAE e ©skrad 7k dte dEe] AP Jo, bgFY sEAY]
TEA} 719e] PEM (sulfonated hydrocarbon polymer- S0 Qg T4 F71E A A5 ¢ 7gx o] A
based PEMs, SHP-PEM) 7|43} #&AEH dFE0] By 3lEH, o] <% PEMFC T5 Al PEM¥} =3}
H1 UTH15] 2] @4 9 PEM9] gto = QIgh 7]A —rljr/] w4
4l SHPZ+ &3} Z]old A& E sulfonated g F7F wAEe] BaEa JTH22-25]. ol g EAH
poly(arylene sulfone), SPAS], &3} ZgoldzoH| = 23ty ¢t WY FFEAYU SHPY £E3 =
E % Z[sulfonated poly(arylene ether sulfone), SPAES], £ A FAEAAE EE5hd HgAdE A
&¥Z3} Zog 2 o) H 2 A E{sulfonated poly(ether ether A oy PHEEC] AAEHL JTH26-29].
ketone), SPEEK], &£} g o]H] E(sulfonated pol- meba] B FAHANE e SF4WIE Fae @
yimide, SPI) 52 &% &< T3 FHE 99 T 9 FSEA 7Nke] SHPE 83 PEM 7ldol g1,
A S0l o, F2 FFTAAN =UH =E4]Y =23t A FEAI717] fs SHP-PEMS] A
H&S DA A 248t SHP-PEMO] o] n$h 2 3R @AM 1) FHE sEhE/Ee A Ads
£-ion exchange capacity, IEC)S PEMFC9] 1% % AL e NtuAE EUFoEA AF LS
A 9 38 Fopoll 23 =Hstal 9ltkTable 1)[16-19]. & FO2 FHA 7t A 2 AL AT 2) f
A FSEA 719re] SHPY A WIS 74 7= 7] A7HE 98t /5] 58 e Axde s
2 3t =2 VA =4 d HHAEE Yehd W Ao B AAE T Ax B4 2 E4S B
Aom A TAe Tt B Tefet 88 vhes & AT 3) 7IA1A, EEA MBS FAE 5 3
3+ 70 (modification)©] &-o]& o] A|RE, F4f © O34 AANAE =Yt A3t 53 oS AxFo
2AH EYHE sEFWIE a3l JAF8/ATAEY AR 24 £ QAR S E ZO02 AR AT
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Al getd/ &) d Age] 7Fse 7kl H(cross-linking
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metric analysis)= 53 A3 SPAES =3} 7}al SPAES
ZH(DVB &% 30 viv%ollAl 720 min &3 Bhel &
As EAY 2olE vl B8] 2 A3, A3 SPAES
2h2 200°C 2 300°C FollA 2+t &EA7)7ke)
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Fig 3. Preparation of cross-linked SPAES membrane.
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@ =kl Nafion® (32%)F FAFE gt& HolA|T 50
vIv% ©17%4¢] DVB XA Alzxd 9] A9 s
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2R FAol2g ALY F e EELW] 1Y A
A P49 ofEgolA Yehd A & 4 QITH35].
b U 54 9 FA0le AE EA4S 25 17
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Fig 4. Preparation of end-group cross-linked SPAES membrane.

T BuEI QtH36,37]. HEHSE Kihyun Kim %
< e £EE FtAA S EFA]7](hydroxy)
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°]#'d(decafluorobiphenyl), 4,4’-#}0] 21| 2~HlAx-0]--
(4,4’ -thiobisbenzenethiol) & 717} C-743 I 2Kend-
capping agent)= 838} FH| =A<l FdY A
NFS-S B Wol27] Y-S Zh= SPAES (thiol ter-
minated SPAES, SH-SPAES)Z $HA3lth 7luAl=
+ olZd9E tAA Sam M 2] S4Hacrylo-poly
(hedral oligomeric silsesquioxane), A-POSS)= AR&-3}
R A v AZzshe FA A Aol &(thiol) 7] <}
vtold(vinyl)7] 7ke] Molg-dl &2  RES(thiol-ene
click reaction)S &3l 7}a¥ SPAES (C-SPAES) %<
A z3 A THFig. 4)[38]. 7t Fxo =4S Fels)

A Y e obH Eolu] E(dimethylacetamide) S &
3tod gel-fraction A3 3k A7 43 SPAES |t
9] A% 1 h o]F A3 5= AL RASHAA,
ZtaAel & TS 27 10, 20 mol%ste] Azd
C-SPAES-10 @ C-SPAES-20 2] A 70 wt% o4
o] S fAlkE AS gelstdon, ol &3l <t
AA 7t 727 299 As A F AATH35)
7V FA & EAOZE A3 SPAES kel A
A Hglg vaE i 1S F 5 e, A
SPAES ute] 7-%- 60°COllA 540%2] UHF 52 &
S Hoj 1 ol 2ExoAME o] Ad dAdel 9
3 A WakgS T 5 gl ¥ C-SPAESE
b ARl 7l Fx2 EYOog 2l 60°CHTF L9l
95°C ZUANAE 128%9] &S Ho Ao 4
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Fig 7. Preparation of reinforced composite membrane using P(pBUa-co-BI) and SPAES.
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Table 2. Ton Exchange Capacity, Proton Conductivity, Water Uptake of Styrene/VP/DVB Copolymers (1-7) and Nafion® 112

Monomer ration (wt%)

Ion exchange capacity

Proton conductivity Water uptake

Membranes St VP DVB (meq g'l) S cm'l) (%)

1 70 0 30 1.63 0.03 27

2 70 10 20 1.66 0.04 27

3 70 20 10 1.77 0.04 26

4 70 25 5 1.78 0.04 28

5 80 0 20 2.26 0.05 34

6 80 10 10 2.32 0.07 35

7 90 0 10 2.55 0.07 40

Nafion® 112 - - - 0.91 0.08 22
&9, 73} 2w sl #3le] phosphoric acid AT} Tritone] o] SIS =7} S718H 5
(PA)7} =¥ 11& 5% PEMFC (high temperature wi%% ©l PTFES] 7]&o] Ao ¢xs] AR AR 5
PEMFC)9| PEM A Zo|= ©L 97} Busz glo wt%s 273 PESS PVP Atole] JEE]E fdst
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g}efol| wre} PES-PVP/PTFE-X (X=0, 3, 5, 7)= W3}
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e 2 T

=

0 -
<3
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=

=
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£4

=

=

D2 PES-PVPY H3&o] 74ES RIS o]
HAEA 1822 PES-PVPY A% 11-& PEMFC A|2-Hl

1_.——‘—0

of 2&3l7] 93] A% PES-PVP ol PAS =3 3%

S A B2 Faole AR A4S YA 74
EA4o] TAs= EAES BT 78]. SHAT PAYF =
¥ PES-PVP/PTFE-5 73} E3 & PES-PVPET}
ARG 0] AL EAS Yehdolx Bstal oF
4 J= 5T AAE(6.46 MPa) B 134 £ 9
E(31.16 MPa)= Rt} ol& 7IAH &4¢] 58

Al R=h
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SIT). viAEreR B FAo] AANE B4 A A
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3154 AJ5S Table 30| 8¢F A3t tH(Table 3).

i

Table 3. Electrochemical Properties of Sulfonated Hydrocarbon-based Polymers on This Study

Proton Conductivity Current Dencity
Membrane Membrane Type — -~ Ref.
Value Condition Value Condition
SPAES/DVB Cross-Linked 0.04 10*~2x10* Hz 0.139 04V [34]
C-SPAES Cross-Linked 0.028 90°C, 50 RH 1.08 05V [38]
SPEEK/AMPS Cross-Linked 0.010 25°C, 100 RH - - [43]
SiO,/SPAES Organic/inorganic composite 0.076 0.1~10° Hz - - [54]
SPEEK/GDC Organic/inorganic composite 0.002 70°C, 50 RH - - [56]
PBI/MWCNT Organic/inorganic composite 0.074 180°C - - [60]
SPEEK/sGO Organic/inorganic composite 0.0160 80°C - - [61]
PF-70 Reinforced composite 0.003 120°C, 50 RH 0.1 09V [75]
Styrene/VP/DVB Reinforced composite 0.070 0.1~10" Hz 0.29 0.6 V [76]
copolymer
Nafion 112 - 0.080 0.1~10" Hz 0.4 0.6 V [76]
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