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2  oF oitgEkA HjEo] gle TEXA MalE 9 AE A A (polymer electrolyte membrane fuel cell, PEMFC)+ 458,
g Alx"le] A8 7Hed 18 olyx] fEX| otk PEMFCY 8 FAF 5 sl & A3l polymer
electrolyte membrane, PEM)2 T5AIZ B2 £ 4 oL Anwel B8 AN 2t HELAFA nEA
(perfluorinated sulfonic acid, PFSA) 7|8t PEM (PFSA-PEM)©] 483} = ollt}. &A% PFSA-PEM®] TR A==
W fFEdolR =gt £ VA FHEe Heko]l a7 Utk old & FAHo)AM= PFSA-PEME] A% Fd 2 B4l B
< 9130 1) PFSAS] S35 AolE 2dFomM o] 2uhgaFe] Frtel iAo AAE F7HA PFSA-PEMO] 58S
PN AT 2) /771 HATHAIE EYst 4 o] AER 9 =84 MBS AT BE o AT 9 3) oA
JAAE =48t PEMO] FAE ERH 0= ZHAANA o A A0 E Fola YA S & FOo2 /% -3
o] #g AFE A staAt 3ok
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Abstract: An eco-friendly energy conversion device without the emission of pollutants has gained much attention due to
the rapid use of fossil fuels inducing carbon dioxide emissions ever since the first industrial revolution in the 18th century.
Polymer electrolyte membrane fuel cells (PEMFCs) that can produce water during the reaction without the emission of car-
bon dioxide are promising devices for automotive and residential applications. As a key component of PEMFCs, polymer
electrolyte membranes (PEMs) need to have high proton conductivity and physicochemical stability during the operation.
Currently, perfluorinated sulfonic acid-based PEMs (PFSA-PEMs) have been commercialized and utilized in PEMFC
systems. Although the PFSA-PEMs are found to meet these criteria, there is an ongoing need to improve these further, to
be useful in practical PEMFC operation. In addition, the well-known drawbacks of PFSA-PEMs including low glass tran-
sition temperature and high gas crossover need to be improved. Therefore, this review focused on recent trends in the devel-
opment of high-performance PFSA-PEMs in three different ways. First, control of the side chain of PFSA copolymers can
effectively improve the proton conductivity and thermal stability by increasing the ion exchange capacity and polymer
crystallinity. Second, the development of composite-type PFSA-PEMs is an effective way to improve proton conductivity
and physical stability by incorporating organic/inorganic additives. Finally, the incorporation of porous substrates is also a
promising way to develop a thin pore-filling membrane showing low membrane resistance and outstanding durability.

Keywords: polymer electrolyte membrane fuel cell, polymer electrolyte membrane, perfluorinated sulfonic acid,
composite membrane, pore-filling membrane

TCorresponding author(e-mail: kihyun@gnu.ac.kr; http://orcid.org/0000-0002-8837-7659)

292



Research Trends on Developments of High-performance Perfluorinated Sulfonic Acid-based Polymer Electrolyte Membranes for Polymer Electrolyte Membrane Fuel Cell Applications 293

.M B
19921d European Union (EU) 7| &3} eFS A|Z}
o2 A AAE 715714 &3] Ag dks =AY

skal 9low, 20151 1957=0] FHoddt #2232 UN 7]
T FA F3A P el 20209 o] F
HE Folo& AR I 27k wjlE Al e
SHATH1]. A =& 23 o] =7 247k
e A4S sl gamEd AEE =0t 571¢t
714l 7158kl thek ASA ) Fof 5

S b glem, Aol SHAsE Al
1873 oA A% g gk gx) sfdel gig o

|$H08 £9T 4 J=% AUstn ek,

4=

fo

-

ol
¢

H o
= o rlrow
N

ANMe EHFHA, nloleoz], ojxpA], MY
IT, Carbon Capture and Storage (CCS), 45 HA| 7|&
< ot 7| TS| &R A3l o] He HFH
¢l AFE AFPstar JomH[3], o] T ARMAE Tw
H A5 38ty AqUAE 7] dUAZ HEA AT
© ouA W A dFOoE W APYER =7t
A= 7] w ol % Eokoll A5 T 2 AL Eof
7HA R A|A FEdos ARl 9IT4,5].

ARAAE o] A wpyiA 9&E st M2
o FF ¥ Texddd wed A dajE 2 dsd

A|(polymer electrolyte membrane fuel cell, PEMFC),
aZe] AE A (alkaline fuel cell, AFC), 4t A5H

A](phosphoric acid fuel cell, PAFC), 24 4tsl& A&
ZA(solid oxide fuel cell, SOFC), &g§&td AsA

Z|(molten carbonate fuel cell, MCFC) 522 T
4 UTHTable 1). PEMFCE 45 A5E AME3IY]
2F8l=(anode) ol A 4 o] 23 AR AVstET A4

rr

Al = Y= (cathode)oll A LJF-ZHE] Eojoe= 4t
A 52 379 eSS Fal Eo] AAEEE WY
ThFig. 1). PEMFCS X%5& #9F F e T8 &
ARl PEM Absl=rol| A $h A
Ao o|FA7|= Aade AT d= Al
e EYHeEH 9TS S Fdgth webA
PEMFC7} #3452 UehllZ] flaiMe & 4
ol AELet TR T ¢ =T shehA <k

4/3o] PEMIA 879 TH7].

PEM?| 4 o] A& §4L2 A F 74 wAY
< &l AHEn. A MAs 29 v7AYF(hopping
mechanism) 2.2 W EAZ} Yol ¢4 o] o] 7153
IAE Fol ALINE Tl T4 o2 e A
o] HIEA 07 o]FojY o FH o]Lo] Ho|HE I
< 9vgtiFig. 2.(2)][8]. + WA H3F WAUSZ
z700A FEHe T

-

(vehicle mechanism) 9]%F 7}<5
ol A4 el Fol2 287] 8 I A8 F
Hog mof 3t AdS A Ha, 49 8
Ad ve] ERAE T F& ol dE o st
o]Fo|A = AL oW FTHFig. 2.(b)][8]. 7] F WA
UEL 7% 2eg, <5 9 5 bt 2o $-9
HOE e vAE A7t e ¥, PEMO] 54 9
< A B BF 9FE viAE AoE dHA 3

A2 BEEE nEAe] 254
b

[e)
=

T/47A A e RS 3488 5 JEE
IR F2E AASHE HEE F9 PEMY T4 o]
< AEL Mo hesixith10]. E3 =g3ety &
3< M) YsiME aEAe] 72 A 9 74
0] Ae So] 93 @47 ZLHETHI1]. PEMY

Do

e

A= 9BE 22 Eg olEdHA ARZS 1 =21 AT ddAe] wWe =2 FE F5E
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Table 1. Types of Fuel Cells

Name Electrolyte type Catalyst té)rr?;;?:tr;%e

PEMFC Polymer electrolyte membrane Platinum on carbon 85~100°C

AFC Potassium hydroxide (liquid) Platinum on carbon 80°C

PAFC Phosphoric acid (liquid) Platinum on PTFE/carbon 200°C

SOFC Yttria-stabilized zirconia Nickel / Zirconia cermet 1000°C

MCEFC Lithium or potassium carbonate (liquid) Nickel or nickel compounds 650°C
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Anode Electrolyte Cathode

Figure 1. Schematic diagram and overall reaction mecha-
nism of PEMFC.
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Figure 2. Schematic diagram of proton conducting mecha-
nism of PEMs.
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Figure 3. Chemical structures of PFSA based PEMs: (a)
Nafion®, (b) Aquvion®, (c) Aciplex® and (d) 3M™.
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Figure 4. Preparation of CNT@SiO,-PWA.
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Table 2. Water Uptake, Ion Exchange Capacity and Conductivity of PEMs

Water uptake®

Ion exchange capacity Proton conductivity®

Sample (%) (meq g) (S om’)
Nafion 34.0 0.900 0.143
Nafion/CNT (1 wt.%) 29.5 0.901 0.135
Nafion/CNT@SiO; (1 wt.%) 32.2 0910 0.130
Nafion/CNT@SiO,-PWA (1 wt.%) 34.5 0.931 0.144

* measured at room temperature for a day
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Solution casting
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Moisture &
pressure

Active layer filling the pores

Figure 5. Preparation of pore-filling membranes. (Copyright
© 2018, American Chemical Society)
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