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2o A7re] 1A} Hafd A7 2] (Proton Exchange Membrane Fuel Cells, PEMFC)E- B]&47] afd = ol
o] Eks] w11 QIe), - AFRof|A:= sulfonated Poly (ether ether ketone) (SPEEK) MEA U744 Al&s}7]
A3l st 75} 7S ol&ate] it Hd=o] wAlel d3lEE MEA 93t A3S At g A S v
A, FAFAE, A5 G WA, v Ay et dg AskE SAste] g3 Ay 55 vlwsiglth. sPEEK B
o] Fa Tk WAL A7l ocv ZdellA] sk ehr]Zell Nafiondt 72 B4 ET}E sPEEK o] oF
ok MEA 93} A3 A3 144207 59} 271AF 5 Ad50] 42 15%9) 65% 7HAssint. 144015 4% 3t
28] FQQ12 ulef] st WE2] PYC Aol &St shorting &/doletal #t.

Abstract — Recently, there are many efforts focused on development of more economical non-fluorinated membranes
for PEMFCs (Proton Exchange Membrane Fuel Cells). In this study, to test the durability of SPEEK MEA (Membrane
and Electrode Assembly), ADT (Accelerated Degradation Test) of MEA degradation was done at the condition that
membrane and electrode were degraded simultaneously. Before and after degradation, I-V polarization curve, hydrogen
crossover, electrochemical surface area, membrane resistance and charge transfer resistance were measured. Although
the permeability of hydrogen through sSPEEK membrane was low, SPEEK membrane was weaker to radical evolved at
low humidity and OCV condition than fluorinated membrane such as Nafion. Performance after MEA degradation for
144 hours and 271 hours were reduced by 15% and 65%, respectively. It was showed that the main cause of rapid decrease of
performance after 144 hours was shorting due to Pt/C particles in the pinholes.
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(PEMFC):= 1LA| 1821212 0]g-35}0]
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ol FolAA sk 43}
agel B EABHA R, PEMFCS] 314 Q41 3142
A3} A7 3 & PEMFC 5451l W Ad-S
JAERe] A3kl A el 23t A skthermal degradation),
5 B 9 o4 Toll s E214 0 ¥ 3K(mechanical degradation)
o} o] 2. ¢d, grizel gt A7]3182]Q) d3lE 33 38hA]l
< 3}(chemical degradation)® 72 5= QITH3]. ©l& LAt
Aslol] 2zl o] GRok AL Ea] o 50 WA ow AdEd
shorting @7l 23l MEA = o] th3tA Frt. 91} 22 A3lol
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2-1. sPEEK % HZ 3 MEA XM=

SPEEK (sulfonated Poly(ether-ether-ketone)i= Poly(ether-etherketone)
(PEEK, Victrex, 450PF)2} %18t 3AHSAMCHUN Chemical, 95 wt%)
S 1g:25mle HIEE A8 ZekaTel Yo ti7)eh, 25°C &=
% stoll 60413 FQE AR E o] gt EESH AR F, AR

:or:, o
WHE 5 ASEo] H7l x| whkr] TNl £0S

o] 314
3} ¥ SPEEK THAFE AUt} 21 3, pH 5~6 ALo|7} = uf 744 &
T ARS8k, 80 °C LM - HT AR A7 Azt
QATH15].

SPEEK 92 kA #| % ¥ sPEEK £} Dimethylacetamide (DMAc,
SAMCHUN Chemical, 99.5 wt%)S sPEEK £} DMAc2] A& 7|5
HE-S 1:92 sfo] ulo]dol] Ya1[16], 4~50 °C THZH 0| EolA] 2~3
AlZE mRksto] B 834171 s e etel] 200 ume] FAIE A~
g8k 5, 50 °C 24 4~6A17F A T ] ol A] wojujo] A
Z313ltt.

A7) 20 umQ! sPEEK g} oFd el o)z W) o]&| pyC A=
AAE T3 anode?} cathode B Pt &3] 0.4 mg/em® 1
MEAS A|Zstglet. of wl, A= 2k 25 120 °C o] gler, viljo}
gk Ao o] FaA| oS sl uklt]= E4 7 BRI 21 Nafion
ionomer (5 wt% Natfion perfluorinated resin solution, Aldrich)E ©]-&

sie.

2-2. sPEEK MEAS| M5 9 MU|SletN &4 5
MEA®] s ¥l 572 -V 2524, 2770 70 ' (Hydrogen

crossover current density, HCCD), %17]8}-8}4] 3% ¥ 4] (Electrochemical
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surface area, ECSA), B} # &1(High frequency resistance, HFR)
F-51de A g (Charge transfer resistance, CTR)S 57d35}o] H] w5}
At

-V 2521412 anode$} cathodedl] ZFH2F 5225(1.5 Stoi)2t 371(2.0
StoiyE &L, A1 W3t ki & Loader® S350t

HCCD+= Potentiostat (Solatron, SI 1287)2 ©]-83F LSV (Linear
sweep voltammetry) 5 © 2 453} 7 F(Hydrogen crossover
current)= 57338l B W3FSITE LSV anode®} cathodeol] 242t 74~
(40 ml/min)2} Z2~(200 ml/minyE- 35811, APZFAS thE2A| 51
scan rate 1 mV/secZ 0~04 V L]0 AgE HIA7|HA AF[E
St

ECSA:= PotentiostatE ©]-8-3F Cyclo voltammetry (CV)ZE 5733}
St} CVi= anode$} cathodel] ZH2F 4=2~(40 ml/min) 2}t 2 2~(200 ml/
min)E &3otal, AHFAE =7 5197 Scan rate 30 mV/sec=
AdS A 7|HA AFE S, 14 cycle & ST 7k
et

A Y

=

=
F35d g A &2 Impedance analyser (Solatron, SI
1287)% o]l STt Yuwi 572 anode$} cathodeol] 2t
Z} 22(93 mi/min)2t 371(296 mimin)es 353k, 20 o)
27 3k DC current 1A, AC amplitude 100 mA, Frequency 100,000 Hz
~0.1 Hz 9] ellA]

i’

o] wf, 9]2] B =72 v HA L% 70 °C, ATEE 100%)1A]
S48
2-3. G5} Al

718184 e uf At A vRea) o] AAlsigitt A
0] 9em?Q MEAS W] HA el Al Askal ] 14 &%
&, At %(RH) 5= Station (CNL Energy Co., Korea)2 ©]
o] AloJ3F3itt. sSPEEK MEAS €3HA1717] $18l oCVv e,
A % 80 °C, anode RH 0%, cathode RH 60% F=71of| 4] 144A]
ZF BT o] F oCcv W3}, -V 2524, HCCD, ECSAE =
ZJato] vt At 5-2] WgkE vl wsiict.

ubs 8 S Ao ABHA7)E MEA 23k AL T3} 2ol
s,

[e)

MEAS] 43} 715 9] A 2% 80 °C, anode RH 30%,
cathode RH 100%141 OCV (30 sec) - 0.6 V (10 sec) AFO|E2 144
AIZW7EA] WHE3191 L, 144213F 0] 9 271A1ZF 7KA) = = B RHE

[e] [e]
AR,

100%%2 3132 ThE 242 FAsHA Jysiict. o] % ocv ¥}, IV
=341, HCCD, ECSAE 57d35F] MEA 43} 52 ¥islE u
A< eL=

a

| t

3. 244 3 o

3-1. sPEEK 2t°| ¥3}

A7)51e2 o 2 glrjzto] go] W= OCV, A1 715 Z71elA]
v s} 21318 7ayste] sPEEK 2He] V73S HESHITE 80 °C,
anode RH 0%, cathode RH 60% %710 2 144A]7F A3} 715 218
SFoATh 7H5 A9 S 1V Ade2 v s Fig. 10 eI 144

A7 Z 0.6 VOlA Ad50] oF 16% 7423kt 28 204 20%

o1 1.V 350l FHash EaA el vlE) et A7), ©]
oF 2 Aif= dnbA o 7 ghsleavto] EARHE T Ui o]
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Fig. 1. I-V polarization curve of sSPEEK MEA after membrane degra-
dation.
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Fig. 2. Hydrogen crossover current density of sSPEEK membrane after
membrane degradation.

efsirtar el A Sl 21k Atk PEMFCOA A 71F ocv =
AeM= EaATe] 749 ehr]zdo] Wol As) v st £k
] 2> 2310l4] sPEEK "} MEAS] 2ht|Z isko] 27| wjito]
2kl Azt

ul A} A5 LSV el o8l A4 F AFUEE 5799 Fig. 2
o YRt B3} A 4 T3 AFEE7E 0.3 VollA 0.5 mA/em*®2
E2AUH(1.8 mA/em?)2) 1/3% F FTH17]. v F3kr 7= 2k
ZEo- Wik Ff) Aol A4 9b Ak} wha] whlEh=d) 7k B3t
Srb ko Tkt ez MAS o) 2ol 4] sPEEKHF] st &
b = olfrh Wk ey 1444017 8 F A Fypee of
16% 57183 22 2 E4aATRS 12% 57 EH17].
©0]71& sPEEK "lo| =4 Faf 7} zho} ehr)zh A& =7 2wt
SPEEK "to] EAuel v]3) 2hr]Zte] oFetr] wiitell vebd A
2}l B},

o Al AF AVEAE Z73) Fig. 30 UER
i} A5 A5 A4 @S YER= HFR (High Frequency Resistance)
0] 0.087 Q-em?1A] 0.09 Q-cm*E ©F 3% 73T =4 T}
16% 5715k Zlel ¥]3ll HFR S715-2 2tk & 373 5ol 23l
e v e R e e e e R e i s =
FA| A5E BRIgE Aot} A ezl H=e] 438 e
CTRZ 0.515 Q-cm?°1 A4 0.535 Q-em’E. 2k 4% 7} ki A=
ZfjQl W IAe] Aol 2] gt B A ThAao ukE 10 Fig. 4]
Cvellx] st g gs] Z1e 4= Qlt. v As) 5 ECSA7} 32.6 mY/g
oA 28.1 mYg O °oF 14% 7HAFleh. vk A3} Fg oA A= dskw

LA e
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Fig. 3. Impedance analysis of sSPEEK MEA after membrane degra-

dation.
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Fig. 4. Cyclo voltammetry of sSPEEK MEA after membrane degra-
dation.
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3-2. sSPEEK MEAS| ¥35|

2t A4S FAlol A37)= 7I5AI1 8-S ©]8-519] sPEEK B
O % W= MEAS] W35 H7shes A3E sloith 7E5AI 3
& anode RH 30%, chthode RH 100%°l14] OCV (30 sec) - 0.6 V
(10 sec) ALOTES 144A17771A] HHESIQL a1, 144A]7F 0] 5 271417
A= = B RHE 100%2 3Htt. Bt 93 247} A= 43t
ZAE W3 2A R, OCVE} anode A 715 2L v 43l =4
o)1z, 0.6 Vellx] OCV7HA] A4 H S8} cathode RH 100% 71
= 93} 7o)t} 18]a1 OCVelA] AFAIZHE A7 3kat 0.6 Vel
A AFAIZEE 1022 Z 8] 0.6 VellA] AlFAIRES 5]
U g} Aslof] 8RS 4] 9ka1, OCVellM = o Aslol AgkS 7]
uitol] AlZES A st Al

A3} 7FEAIZE 14441 2E, 271X §- 1V 2 =341E Fig. 500l
ERAEE 14421770115 OCV 47t 919lon, 271413 3 0Cv7)
0.979 VOIIA] 0.826 VE 16% 7HA3FITh. 144A1 7kl 4] 271A)7F AL
o]9] FAF OCVHAE shorting Aol 23 Ao 7 Heltt 0.6V
ol AFUE AT} 144RT7HA] 15%, 271XZ7HA] 65% ZH4~sf
Sttt 14447k 0] 2] FA % A5 A F3t shorting F Al o] gk
Zolgh= Z& Fig. 62] LSV 18|34 gRelst 4= 9lt}, 271417
o]l shorting A& #ko] 20 Q-cm?Z 743 222 1/100% = A
%S A& LSV 71712 & = Qlth o] 9} 22 shortinge AT &
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