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Abstract — In order to improve the PEMFC (Proton Exchange Membrane Fuel Cell) durability, it is important to
accurately evaluate the durability of the membrane in a short time. Recently, DOE (Department of Energy) reported a
protocol that combines the chemical and mechanical durability of membranes to evaluate them effectively. This protocol
applies chemical/mechanical deterioration to the membrane by repeating wet/dry while OCV (Open Circuit Voltage) holding.
The problem of this protocol is that it is highly affected by electrode degradation due to change cycles in OCV and that
the evaluation time is long. By using oxygen instead of air as the cathode gas while leaving the other conditions of the DOE
protocol as it is, the durability evaluation time could be reduced from 408 hours to 144 hours. By reducing the number of
voltage change cycles to 1/3, the electrode degradation due to the voltage change cycle was reduced to 1/12 when oxygen
was used compared to air at the end, thereby enabling more accurate evaluation of polymer membrane durability.
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[13,14]. TEAE U7} AR BEA717] 916 Zs b
(Acceleration Stress Test, AST) 7]H¢] AFg-5+=d], @7]3}s+
ASTE= 2] Zbo] wWol ¥hl3h= OCV Holding "Wio], 71712 AST
T IRAEAMRS 758741715 Dry/Wet cycle '] QR O & ARE-
%31 1t v DOE (Department of Energy)- & NEDO (New
Energy and Industrial Technology Development Organigation)®ll 4] &
A}#E8- PEMFC MEA®] tiiA ASTE F3te] Wi7d< 37kskar
QITH15,16].

PEMFC U735 37}sk= ASTE Al$ 714 =] L gli=d], DOE
M= 20160l A2 AR W g7 LR EES WaEe)
ATH17]. ©] ASTE ZAFe] &18H4 U537 71414 7485
FAl 371E 4= QA 8t Zolt). Anode®} cathode U 7HAE ZF
7} a8t 3718 AHESHEA oCV Al Tisr /A EE W)
= olth 7i5d A2 Z47F 45%, 30% WSk ocv A
W7} Ash=T] o] Het Wil whE W) dojd 5= 9l
o} 2tz A A 2k e-PTFE A A A7} S013F 2 shek2 40041 3F
o] AAIZE B7FAIZ ] a8 = lTH18]. o] g} ol AR
A Ws} 817} Wobx | pitApv: A3} Wk A= sl gt
MEA A& Ha7b e A Ui+ 37 54 = loh 2814
2 Ao = DOESH FUe TR EZS AHE-SHY cathode 7H~
T 3714 Ak E AR e A S E SUMAA Akt
A3t S8 STMIF A 71 UlT B7HAIRES 95A171 4L, o]
off whe} At sk wks Sl Zhawlo] dA5dste] ofdke] A
d A g g7 TR eSS st sigict.

2. A

]

2-1. Al

A AR AR e A RS Nafion XLolaz, | of o
tiZ el ojal pyC A= S A3l U= (Anode)t &=
(Cathode) &.5F Pt S5 0.4 mg/em® MEAS A Z3F3i T}, W= % o]
25 cm?¢] MEA®} GDL (Gas Diffusion Layer, SGL 10BC)= Alo]]
S0EARE A Attt AS T3k 2| H(separator)®] = W
Z2n)7E 71218 vt el Gk = 4 Sl AdeME =
201 66.7%R1 el da ARSI o] 5, 13, AHiEE(RH)
5= Station (CNL Energy Co, Korea)©. & A|oJ33cE MEAS &
4817131 LUREA Q]I PEMFC -8 %71<1 70 °C, 100% relative
humidity (RH), anode 1.5 stoi. (stoichiometric ratio), cathode 2.0
stoi. oA 1-V A5 IH41-& S8t

ARAN g7 A sk dstel V)A1A dskE dest
201611 DOE*~ % EZ(Membrane Chemical/Mechanical Cycle and
Metricsys A&, H 71T ©5A17] 24} cathode 7FA =
7t AkaaE AHESH | Jlth DOE IR EFHS 7|50 % ¢
90 °C, OCV, Wet (100%RH, 45 sec)/Dry (0%RH, 30 sec), H,
(1,000 mL/min), &7] ¥+ AH~(1,000 mL/min), 1.0 barl| 4] U]+
32 BT,

2-2. B4 M
2573 73U X (Hydrogen Crossover Current Density, HCCD)&
potentiostat (Solatron, SI 1287)& ©]-8-3F LSV (Linear sweep

voltammetry) '8 © 2 73] 1] L3FATE. LSVi= anode$} cathode®l]
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Z¥7}: Hy(40 mL/min) 2} N,(200 mL/min)E & = 3F1L, scan rate 1
mV/secZ 0~0.4 V Bl A& WA 7HA AF[E S5t
S tH17]. A =2/d 1 & (Electrochemical Surface Area, ECSA)->
potentiostats ©]-2-3F CV (Cyclic Voltammetry) B 22 S350
th. CVE LSVEF 5 38HA 7128 418}, scan rate 30 mV/sec =
ArE WMEA7IHA ARE A8k, 14 cycle F 548 3hs
3t

v} Z18H(High Frequency Resistance, HFR) 2! -2 A 3H(Charge
Transfer Resistance, CTR)<> impedance analyser (Solatron, SI 1287)%
o] &3l S4sth YA 572 anode?} cathodeol] Z+2t
H,(93 mL/min)%} air(296 mL/min)& & 3 3F1, DC current 1 A,
AC amplitude 100 mA, frequency 100,000~0.1 Hz H ] ollA 57
aklth. dsltel ogh iAp v d=e] FAA ¥igs SEM
(Scanning Electron Microscope, Hitachi S-4800)5 ©]-4 2413131
™, beam A= 15 kVATE.

3. gdu} ¥ nE

3-1. AST IPH & ocv H3}

Apee] shehA] Uit 9 7 1A g 37 A Bt
3+ 20161 DOE AST?] 7}5/71%0) W2 0CV W3} Fig. 1(a)
UebAct, 7z AT 2H4ste] ocvrt E7Yeka 7
3hH OCV7F AHAasith A2 wf 9] E35 o] Ao] Aeha
(High Limit Line, HLL)°| 3L 7}5 & o o] B85 o] 4o]
3}8k4 (Low Limit Line, LLL)°]t}. HLL¥} LLL A}o] Z0] OCV
H 3} 2 (OCV Change Range, OCR)°|2} $t}, 72417k} 715/71
Z5 TA 8k 443} 3 LSV, CV, impedances 73 3kL, 715/
AZ2E A AZES vl ocv7E AAH L& St 22 B3}
FRAL = 5 Q0L 216431744 OCRO] A 2] A skA #-4] ¥]
WA HLLY LLLZ AA38] ZAshe 43S B3tk 21647 o) %
OCRe| z71e]l ATz} 72417 el 717k A A S713laL, 53] 408
AlZrell 238 A] OCRO] 0.20 V7HA] S7HTh. o] € 7] OCRe]
S7FeE 21 aiAbrte] dstulo] AR R T SV = LLLO|
A7) witelct.

7] Al A2 cathodeoll 413t Fig. 1(b)= HLLZ} LLLE]
i St 27kl A d3t S5t 352 Bl OCRS-
A2l AR qE 72417Fel] LLLO] 0.81 V7HA] 2143 11, 144417F
ofi= LLLO] 0.77 VZ7HA] Z4sl] 3715 AMH-3S vl 399
LLLY} 538 :520] ¥ glc}. LLL] 0.77 V7 E$1-S W] HCCD
7} DOES] 7]F¢] 15 mA/em?*S 238 ASTS FE3 k. 3714
2 ARnE f]lsho 2H §18ha 71414 sl e 7ulE 71 Al
7to] 35%% FraFet

3-2. AST 2 & SAENEQ} Short K& B3}

DOE?] LSV =7 3ol 9J8fl AST 34 Foll 4535 Hil=
Fig. 2ol nlm gtk F7] AH4 ASTE HCCDZF A 7154 15
mA/cm? 0 E= 408A)7 0] FEH I, A AFS- ASTE 1444]
74l FiE]o] Al ARE ASTS] MEA G3} £527) 2.8 o] wHE-5
Bk ol & A= Fig. 12] OCV 3} 9k AAo] 9l
thal & 4= Q=] ARARE AR Bz A S0 gl 3
st st Hrh e ddeha 2ok @2t A 3(Short
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Fig. 1. Variation of OCV during AST cycles using (a) Air (b) O,.
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Fig. 2. Variation of LSV during AST cycles using (a) Air (b) O,, and (c) comparison of HCCD.
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Fig. 3. Variation of LSV by NEDO method using(a) Air (b) O, and (c) comparison of short resistance.

Resistance, SR) Z7d¢] 40|t NEDO LSV ®H o]t =
M T IR 2 HCCD 71502 Al AR T2 EF0]
A3} 57t o] WS- Fig. 304 & 4= Qlth. 37148 ASTE &
FAIZF 408417F] SRO] 0.036 kQ cm?Z(Table 1), 737 ©F2H(Hard
Short)ell 2J3F shorting®l] 2J3l A3} 57t F5dlA FAFAE7)
Hdeokar 2o19]. Az el AR aEAbe sl oA 1
AR FAIE A uhE A 2 A-ZE 77k A1 A] Short A
F7} 5713 Avlela ) Ak AR ASTE SR AIZF 1444
Ztell 1.04 kQ cm? Bl QtElo] 914 whek(Soft Short) TH7] 24

shorting®ll 2Jgt Fsle] Pk Ariar & = IrH19].

4
A=)

= I
,ﬂ—T—X]—m'

3-3. AST 2 F Mgy} oF &gt e}

Ccv 57 Wilell &8 AST #4 Foll CVe} ECSA W3hE Fig.
4ol vl Fek, aitApeke] g g7h ASTO| & iAbto] 5
Asle]ofok s} Mt st Alo]Fel| o] 3 M=A sl Wo) T},
ZAPHs) Alo| & S5 7] AR TEEFL 19,584 cycles, A4
A ZREFL 6912 cycles® &7] A ZZEFo] 2,80 <t
W3} 3157 Uk Ak g AREEl] A9 W3k % OCRo] AR A
FHAz} 397t o S8 e8| TEAIHCA ECSA At ¥
7] AR TR EFO] 1 25 & 4 QIT(Table 1). Ak AR ASTE
14477l ECSAZ} 55% A3 aL, 371 A& Al ECSA7} 36047l
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Table 1. Change of HCCD, Short resistance and ECSA during ASTs

. HCCD (mA/cm?) Short resistance (kQ*cm?) ECSA (m”/g)
Time (hr) - - -
Air 0O, Air 0O, Air 0,
0 1.084 1.141 5.348 7.886 422 41.6
72 1.101 1.281 4.476 7.257 40.4 40.9
144 1.123 29.43 3.602 0.956 38.7 18.6
216 2.856 - 2.377 - 35.7 -
288 0.942 - 4.409 - 28.1 -
360 0.978 - 4.231 - 22 -
408 39.68 - 0.036 - 1.5 -
60 60 50
5 40 § 40 e {2
ia £ S & N\
2 > & 304
c § \
8 -20-| 3 -20- 8
- b~
g 5 W 104
g -0 £ -40- —— Initial — :
3 S & b ofsGmes]
00 02 04 06 08 10 12 00 02 04 06 08 10 1.2 0 72 144 216 288 360 432
Voltage (V) Voltage (V) Time (hr)
(a) (b) (c)
Fig. 4. Variation of CV using(a) Air (b) O, and (c) comparison of ECSA.
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Fig. 5. Variation of CV using(a) Air (b) O, and (c) comparison of HFR and CTR.
94.8% 7+ TH ECSA7} 55% 74t A= A=l AST 7]+ 3-4. AST 2PH = 18X} 8 FHel M= S He)
40%% 2] wlitell A= Astel] <JsiA MEA S-g0] vhet SEM & 4] oJ8) AST 1 -l anagAtef 79} A= 5

2L ulgt), 383 37) AR TEEFS 2904)7F o)l ECSAS 71E Fig. 60 Bt A o}l Fo] cathode®] 1 5%t S0 X
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T S 4tk Ak AR e Al B4t A cathode®] P/} €3l = 0] 3122127} cathode F-E= Wl &5 o
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FAE 6.38~7.27 um 2 30.3% TR Ch Ak AN A8l 9o
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1232 743 tH21]. D3} 3 anode?} 1E-AFEH] F7= Aba ¢}
7] AHE B A A9RIsE ARl E 47T anodest TEARER)
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Fig. 6. Comparison of SEM image of MEA after AST cycles using (a) Air (b) O,.
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