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Abstract - Research on improving the durability of polymer electrolyte fuel cells is actively being conducted. To
extend the lifespan of the polymer membrane during operation, it is necessary to study methods to reduce its degradation
rate. Therefore, this study aimed to investigate voltage control as a method to slow down the degradation rate of an
already degraded electrolyte membrane. Initially, three identical MEAs were subjected to accelerated degradation for
216 hours under open circuit voltage(OCV) hold, leading to the degradation of both the polymer membrane and the
electrode. The performance of these degraded MEAs was then evaluated while operating at 0.80 V, 0.87 V, and OCV
voltage. When the OCV condition was maintained, the membrane and electrode completely degraded within 72 hours.
However, when operated at 0.80~0.87 V, the durability improved, with a lifespan extending beyond 144 hours. Maintaining a
high voltage, such as OCV, in a degraded state accelerated the degradation process. Therefore, it was confirmed that
operating the fuel cell at a lower voltage, below 0.9 V, can help extend its lifespan.
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ot opeksitt. Jevh =2 73 ghe T 0 R 1s) A Ego]
A1 31 3ATH4,5]. PEMFC= 8§ Hofell whe} 5,000~40,000 he]
Aol s, FAIZE o Qe 2 A5 oA e
(Membrane Electrode Assembly, MEA)7} A3} %o] o] HX & &
A ks 97t Wrh6]. A Bhe] d3h= A 171348k
2 dslol 71A1A dstE BREoH7]. 17382 I3k MEA W]
Hollxd A4 ¥ HOO., HO9} 352 gt]Zbo] aial uhE 3238t
ko] A7} koA AL o} o] FAg=o] aEa) whe] Az}
7h gt ko] oW | AL T} Fof aatatute]
s}8hA] ATt oA A, M & AgelA] Pr gallG =Tt
FolR| B2 /)3 29 2} B2 =& A 9lelA] MEAL SIS =TT =
t}. Cathodeol#] &-3l1% Pro]=o] & UjF-olA] =429} Whit Pt Y=}
2 AZE Al oS sk v Biodo] mAbet
< G3r 7] qhgell o8l - AtEre] gl H ). 7 A1A
A 3}= PEMFC 7}/ 23 7g of| A miapto] #5587l 2] 4]
Ayt dAsitt PEMFC A=2] Fulle-2 Salleh Sul) XA 2
23 o] 1w BRI Z /g %o QIt}. Cathode 1|9 F3h= &
g} JAF Aoz S G4 WA o] FhAsk= Zlo|t}. Cathode
Zufe] P} AL 1) A ME ARPE L o] 2 GAb el A
%4 o] =7} Al St Ostwald ripening WA UE([8], 2) F2]
H T XA 4] 2Fell 4] Random cluster-cluster 5=l 2] 3] ¥
{17} Bol2](Agglomeration)”| WAY&l= WA (9], 3) Cluster
9] Gibbs At oUAIE HAs}alr] Q18 B PR ddivh=
HAUZF[10]0] et o] 9} & Full YA} A2 AiEErt =1L
Ak wiskFal Mshy7) ol 2704 & dojdr}, aatapatke] A
718184 At vt S 212wk, 1, A7y, AL 7k
o 270" dHA Qlrk. o] g A2 dgt 20L& I3 X3 EH]
B vhE 7HS dtar)7) flst 2ol

AR} Z2710A FE AlRre] A REEA 2] I3t L= At
Zo] ot 2719 dst £E 9} thEA| Wsk= A ow delA 9l
th A= 43t 205 3 stelA] Fu| prt &8l E B R aEApe)
A= B d71ske o7 ngteld dst Sk =rh11]. 21
A1 MEAS] W74 385 98lixe s gok= o) 288
Zlo] a1, o] F ElEhs AE g Algtell MastA}l 3Gl
PEMFC 75 2+ & iAo 7785 A3A1717] flslixde e
A3} 25 A= Q77 B et wEbA] 7)ol ARk
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2-1. OEAA| el 7SS 2 MY Mo 2

2 Aol A8-¥ uhE Nafion 2110] 9, PYC =& hot press
3l MEAS A|Z3H 3 25 cm? Alof| A 3e] AMEsIILE A=5
3= anode?} cathode BF PY/CO|H, 2 0.4 mg/em’E T
Al @A = ). MEAS} 712~ 8:k5+(Gas Diffusion Layer, GDL)S
5 channels 4(CNL Energy, Korea)oll #|d3}e] 2~ H o] 4 (CNL
Energy, Korea)ollX] £ 59} £5, 7F~ 3 55 #losled MEAS]
5 2 787 Xt 2] dstE 7HEEA1717] 2180
7l 3] 2 7 ¢H(Open Circuit Voltage, OCV) 4] (holding)E 90 C,
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anode RH 10%, cathode RH 30%, Hy/0,5 &3to] 13313l o
H, 72 h {H 02 A58 S73I8ith. o ;A 27191 OCVellA]
o] A3l W Ax}, 152 h 7ol 7gdo] 0.85 V7K FA5H)
raato] o] Ut X 91 A F 3 F-4 & (Hydrogen Crossover
Current Density, HCCD)”} 23.8 mA/cm’% Z7}35lo] H715 £85
Stk o] 8 Faf 2o A3t S8 245 Yl 144 h o] F
cathodedl] airS F338to] HCCD7} 7] thH] 30% o)A Z7181)
< o 0.8~0.9 V AP o] vk d3l S & H|wakglt).

o}

{

2-2. §M BN

% 572 cell 70 T, RH 100%014] A &stglom, 1V A5
21412 anode 1.5 stoichiometry (stoi.), cathode 2.0 stoi. =71 0 &
=731t U371 2d oAl MEA d3) 4= 2 n]7hed 4 As)
A8 S8l U7 Sk €4d3F 3 Potentiostat(Solatron, SI
1287)& o] 83l A3 FAHd 47 74 (Linear sweep voltammetry,
LSV)S 573319 4251 AFHE S (HCCD)E AHE3I3ith 57
W2 anode$} cathode®ll ZH2} 4=4~(40 mL/min), 2 4~(200 mL/
min)S &35kl scan rate 1 mV/sE 0~0.5 V AL ol|A] ke A
SAA D75 S35tk HCCD= anodel| A cathode® 3
=427} cathodedl| A Atshd wf B7]= Aksh 7o), 03035 V
el A 7 el 2SI, whEbA HCCD %42 0.3 Vel
AFUE 7S gsisit).

T3 P 7 (Cyclic Voltammetry, CV):= anode®} cathode]l
27} 4=2~(40 mL/min)2} 2 2~(200 mL/min)E 553}, scan ratet=
30 mV/secZ A4S ASIAIZ|HA HFE S74319] 14 cycles F
573 ghS g3t cv 12 256 A=2/dH 4 (Electrochemical
Surface Area, ECSA)= 0.05~0.4 V2] W2 02 313t}

Bl 2] &H(High Frequency Resistance, HFR) 4! ¥-3} & # 3
(Charge Transfer Resistance, CTR)> A3|%1 2~ #497](Solatron, SI
1287)8 o83l 73Tt YA 5792 anode$} cathodee] 2}
7} +22(93 mL/min)2} 3-71(296 mL/min)E 3333, DC current
1 A, AC amplitude 100 mA, 100,000~0.1 Hz H<]olx S4a}3i}.

3. dup A &

3-1.0CV Hold TEUA Ms Hi3}

oA 5184 7EAEE 213 OCV AElelA Hy0E &
wehdA OCV Jste}l A3k 49 IS Fig. 190 WE
t}. 72 h OCV hold ¥ E4J3ke} MEA 5453 S4513th 54
=74 F OCV holdE tHA] A2 o OCV7F A4 3] 5 5 A vk
72 h €] OCVE 3] EEA] ¢ro} nI7F9 %] A7t 4S5 38
RS BT 4 T8} short A 8-S S5743817] 218 DOES}
NEDO LSVE Fig. 19 (b), (c)oll LEFAT 2] 7+ =] 3¢l
HCCD7} 6.4 mA/em?= short A1 %©] 0.063 kQ-cm*Z 73Tt
DOE?] HCCDS2} short A8+ AST 5. ]%(Target)% 27} 15 mA/
cm?, 1.0 kQ-cm? ©]3to]t}. 4T 7% Bl short A8 7140
ol&l F7+e FEPTE. Short A3 A= IR A3} JEFE
QAT A5 Frll A3te GES 7] wlwoll et 5hshA]

7AskE SRR PARE A5 Ak HAFEE o 5 3l

=
OCV hold #HdellA 1-v “d-sH sk} QJajd A Wste} v Hsk=
Fig. 20l YEPAITE. 274 h 3 OCV7} 10.5% 24311 0.6 VollA A
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Fig. 1. Voltage change (a) and comparison of DOE LSV (b) and
NEDO LSV (c) during OCV holding.

FUE7} 1,200 mA/em®olA 800 mA/em*E 7HAFTH OCV A=
aEAEe] A3l YAE A AT Frjo] dIw FeS 7]
o] OCV a7 Hlwd & A% A= Fuj7) detEdeS

5L Tt A-F Tl = Fuj 2] E4d3) 71 (Activation
over voltage)°ll 3l 1-V A 50| HAash=t] o]¢} 32 NS 1V
A B 5 ok A= Fu) 54 B S8 A9 H X~ (Fig.
2(b)E Z48 CTRE 24tk CTRO] 216 hell 24.2%714] 57}

Table 1. Change of characteristics of MEA during OCV hold
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Fig. 2. During OCV holding (a) I-V performance change, (b) Imped-
ance change, (c) CV change.
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Blh7E 274813 Foll = AR TH(Table 1). CTR 7= A= S0f
A= YR Aol 2715 v)7Hel7] Ay xae AL e433)
Fol= Pt Zull7h A5 AHE S EEA S ER I gl
A= Zn) D3P} 2 Hof 274 h Foll= o Ujiof pt o] =
7}al, short 571 A5stHA d=F2] A3} AP (Charge transfer)
q&to] o] 21T} FAHA CTRO] FAFTHe6].

A= Fvl) A3k J=E S8 918l CV(Fig. 2(c)yE S73taL

Time HCCD SR OCYV of change CTR of change ECSA of change
(h) (mA/em?) (kQ/cm?’) (o) (o) (o)
0 1.746 4.819 0.0 0.0 0.0
72 1.697 12.626 -0.6 14.9 -16.1
144 1.700 11.364 -1.5 12.9 -239
216 1.882 5.345 -1.4 242 -30.3
274 6.387 0.063 -10.5 -4.3 -94.5
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ECSAE ARzl Table 10 =] STt ECSA7} 40% o8 7143
DOE?| Z1fj &3} AST target®th o] A3HHGISS & 5 3lvh oL
A 7HE A3t g el A o] 9 2 Aah= 72 okt &4 shet
MEA 54 #7kpg oA sl cycles BHste] pr Fufl 715
Az} gt e ARE S Aok, Ak 18k 7k o
519 7H(Accelerated Stress Test, AST)ol|A] 2t &3} 2l 5403
7h= Sl dsks FRE R aRAEmRke] A 87k flsiale
HRgrASEA] btk whA Bl 274 h §- CV7F 91& et 7]&eX
& FAaFHE F7he} short A18] kA wiitel vehd §/do]
o CVEE LSVe} o] H91E SR ASA7 = 77te] Sl
A o] oA FAFHETE ST b CVIIYEE AA|A 0w
AEeeh V7t 1R AdEe 21 AR o)l A 9lellA
A7} 35E, = short A7 F7kol 2% o] 3L, Ohme] o]
oJal] 7%k A& (short A1)°] FHaxehd 5 71277} 7X1ek 0] €]
A= sk OCV holds AR 1212 318H2] Aste}
A= Sl st sAlel el AA] g A8} 22 MEAS)H
ARk & = Qlvh whebA 144 h OCV 7Hs 93818 MEAS
FH|5lo] Z9ke] MEA 43} ol v Gg whE Al7te] o}
orsk = ol atsit.

3-2.0CV Hold 216A[ZF & LA M SK[2FHIAM A
H|x

Al 78] MEAE Allel| ZH2} 2143l 144 WA & Hy/0, Z71A
OCYV hold, 144~216 h7}4] = Hy/Air Z71 4] OCV hold, 216~360 h
A= 0.87 V, 0.80 V A 8- sto] At} A7 EHE Fig. 300
UEFATE 144~216 h OCV holdol| A& AbA thal F71 2 cathode
7kE WA OCV 45 Fig. 1(2)2} 201 2 4= 1Tk 216~360 hell
A 7473t Al MRS S B3 T ARSI Trashe
& 216 h¥} 288 hofl ZH7}F & 4= 91t} 100 mA/em? ©]5F2] A7
Follr= sl dute] JEFRTt Fujo] e st JaFo] 1 Z7]
ujZof| Edste] osl AFUETt oty A 5ol AlFE
=] PrE PtO 5 0% AlstE Al &4 Bpste] AX ARdE
7} 34433t 288 hell thA] E/3stkel 54 W7t Fol] ARE =Tt
3|87 gANE 216 he] ARFEERT vt EA43) 717g oA
PtOS o] Pt= ¥ o] 71992l 37} tiy-Eol AL, Pt &
aEo] B S FEEH I FSe] o] 9} Tk XA A=
TE el dslElo] n)7ted Al dalrt K8E 7] wEolth 1
2} 171 d A= =24 ¢kol OCV hold 1Rt} A3} &H=7)
FaPe-S gRIg = Q.

OCV holde} 7t ol LSVE Z431aL LSVERE] ARt
Sk HCCD Wi 3HE Fig. 4°] Blwatgith. 216 h7hA] HCCD7F 719]
A}, o) F zjo) 7} ALY, OCV AEIE Al 5413 MEAE 58 h
(274 h) OCV7} w5314 38) o) AT =7 5713k 216 h
o 0.87 V A %S %% MEAE HCCD7} oFztF Z7Fg o),
0.80 V A S HA3F MEA®= HCCD7} A9 F718kA 99k
Aol =&45E o)z A £7t ol v g3l £t St
skal ool whh uke] A7} R A AT ST 0]
ok 283 2 Aol A= Sl d3h S5Pt &8s ot
A 2 Y= Pt ol2o] vl wol fr¢lEo] Pt AR AEH oA
o)z &SI} o= GFE olvt. slE MEAE OCV -
2] W 0.87 Volake] & Agto 7 FEsl= 2L uh Aol

oIr

s}
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Fig. 3. Current density changes under constant voltage conditions
(a) 0.87 V, (b) 0.80 V, after OCV holding.
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Fig. 4. HCCD changes during maintained voltage conditions after
OCYV holding.
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0CV)°| 216 h7F4] OCV 7427} 2% QF Eo] Al 2.8 AFEj ol A
A2 W 288 holl= OCVZF 10% o) Zh4al A|lY A3} &7}
=34TH MEA 2(0CV+0.87 V)= 216 W7F4] OCV HAa7} 3%71 <F
H AT 216 hi-H 0.87 V FASS F8FAA oCV 127t Sl
oJA, 216 h ©]F- OCV 747} 3= MEA 3(OCV+0.80 V)| 288 holl
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T OCV fhaxgo] obpith. Aol 4% OCV fa H127}
ATk, OCV 2t TATHEE ool 45 Asfe] M %
Atez, A% A5kE F1a) 18 CVE 345} ECSAS 4

Z3to] v]asleltH(Fig. 6, 7).

Fig. 6(a)2] MEA 1 CVi 274 h o)l A2 7147} Wkl 405
I Frletel AA 2= 92 A5 Fig 6(b)2] MEA 2
CVE 360 h 1% 3 CV 0.1~0.3 V 91 2] 17 M3}7} 274 h 59
MEA 15.th 2t} Fig. 6(c)2] MEA 3 CV W2 747} A| Zpo}
Zsto] R Sl A3} £57t 74A4%S B itk Cathode®] &
s} =A7F OCV i £418F F Y3 cathode A5 E&l7F OoCv 7+
ol M= o] 5 & AUrhFig. 5). Aol H=555 Sl
ZolM A= 93t 571 ol oCcv v o 2 Ao wvkEd
Zuj 50 Ash= Fuj| P, 7HE AR A, BlRIY 0] @ mm 2 Y
o] o=t o] & B Mo HE5E At HXUk Hrh11,12]. 11
23l Fig. 79] ECSA 7rat Pt & W A Zae] 93 dojdria
SRk, ) A2 Sl XA A9} vl o] S W] wiitel]
o529 dskt mEsl|o} sttt vlRly] o] 9 == JiERfEke] o] 9
e e} S A AR AL v]5sb] witel] dste nlses)
Al B 4= Qlrkal Ert, aaEaiEhel|A] 0] @ = 9] 7|4 A3} =
AL S, 1, 7k, A7k 2R 1AW Pt &
3l 57} obA] uh uitel pr gFge] ot vk dst £t Fohet
Z10]TH13-16].

42 E

216 h7}FA] OCV hold ¥ S 0.8 V, 0.87 V, OCVE #4514
Al MEA 93} 55 H|wsielt.

216 h OCV hold ¥ HCCD:= 9F 8% Z7+8l 2}, ECSA:
18~30% 7434 A= Sl Gslrt o WP} o)) 22 4
= 72 hetel 49 3ke) oV 5452 g ellA] g s AtolE
S NS pt Evi7h g8lElo] SAE Ayt gallE prol22 1t
Yol A sl g i 2k Mg o] b el A eht] s I AAlA v
A3l £ 5 F7FAIALE 216 h F 74 Ago] 2845 A= %
u| A3} £57F wobx] ECSA A% ErF 713, 71 A |y
Pt YA} FE7F o] ] MAS L S 852 Aol
2557} oA whe] 4l ) ST Aol HEgE ukel
ATt Skl whe] A ZhAel] 9Js) ARt STkl
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oo W} OCVE 743t MEAZ} G3kd AFejoll A ocv AHE
JE FAPE w A=) uke] Al 2]3) Shorting®] WY
72 holl =50 tFaiA Rk, 0.8~0.87 V 413 735 144 h 7-% F-o]
= ohah 9] A3 27} DOEQ] 421 715 (Taget)oll 2814
ookt =3} wo] AskE Abgjoll OCVeF 2 =8 S &
A= AL AL 71EEA7|H R 0.9 V o5k Wk At
A ATHAE 53R Aol FHE A 4= 9SS I},

ISP YN

7 A

I AT AR AR 9 Skl 7171 8 7 FA(KEIT) 2
A Y& ol AHE L HF Y rh(AH T 141518266(20012133),
20017400).
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