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Abstract : Degradation of polymer eectrolyte membrane fuel cell (PEMFC) that is fecilitated by on/off cycles is
one of the most important issues for commercialization of fuel cell vehicles. When a PEMFC stack is shut down,
residua hydrogen and induce high voltage equivaent to open circuit voltage to the cathode side that might cause
sintering of Pt catdyst and facilitate formation of hydrogen peroxide at the anode side that might decompose
NafiontA membrane. In this study, degradation of PEMFC exposed to repetitive on/off cycles was investigated by
measuring i-V characteristics, ac impedance, cyclic voltammograms, gas lesk, cross-sectiona SEM images, and TEM
images. To prevent degradation of PEMFC caused by the residuad gases, hydrogen was removed from anode gas
channd by gas-purging and by using a dummy resistance, that were found to be a very effective method.

Key words: PEMFC, Shut-down, Durability, Purging, Degradation.

LA B 7], olakslea FF B owl7|7ks Al Fol Ashgdd me A

BAA Agate Adgsks A dlide] 7igs =al loh

ZEAANE A8HA (Polymer Electrolyte Membrane Fuel B AdE Bl AFeAE ZEASE d8dx e A
Cdl, PEMFC)= tl2 el9] A8 XX vlg] 88o) &2 2312 fslA sl dslior & 7IeHd BAZE Holslet, 7H
gt won AlE AlZke] &AL -$EEA ] e ng I Aot 2BA As)d ARAAY FH TP 1
A7NAEAe] sEPozZA 73 W 9ok FHZ A H7] A el A vk Wig EZa)), aefe|E Eeue] shHo] Fof
7tz=el| ofgk B e A, s AR ] digk oA ¢ AF B e UA A Mg Bl 28] Az vEe o
Folof it} AE3E Qg W4 e s8] AE A

*E-mail: eacho@kist.rekr AIZF 5,000A17F o), ZFEd%E 12,0003 ool 3R 9] 7]

118



d=7718k8t817), A 9, Al 3 5, 2006 119

&2 olo] & mA3 Uk AHEAHE AFKR| !
o= AFMREL WEIA =Hed], et o -
AsA el A5 At wEA YEE A dHA A
Cole e AXYL v A8F VA fRole A
715 7 fEAe 3717F ol A8HATE dEIE A9
(open circuit voltage, OCV) AEj7F Eof #pitslra A &
o= vk A=e] G FXIA7)7] Wil Be® dEA 9
o2 weby 94 A Al ABF FRo] Holle FAE A
Agro @M wEAel g HE] 23 A5HA] €] diE
WA = ds AeR ZdEnh. e opE7A] olel ik
ATe BIERA @0 vk B AFore e dES wEst
AA @ GA A AgSel et e FaE 3] EBe Aa
7kaR At AAsks Wi A8FH FiFel ARAE
Adsle] FAE AASe WHE A8l FAE AAA &
& 99t A7) Aes vuFoEZA e A ¢ 3
24 AR 71Ee AMdstkaat st

o
29 89
3] ]

h
”

o i
f

ol

o

&

2.4

o

2.1 SRI™X mi=f

AFE A8F3 IS BF 40wt% PYC (E-TEK) Swi=
Azstgr ZH2F 04AmgP/em®t &2 stgith Asfde
Nafion 112 (DuPont)Z AM8-8937 Zul, 5wi% Nafion 8-,
IPASE & &9l Alxdt Suf JaE Aol 2y =x3at
o uk-A 43| (membrane electrode assembly, MEA)YE Al
a3tk 714 B4k (ges diffusion layer, GDL)S.2& €4 F
o] (SGL)E A3 A= W& 25 cm?olt,

AEHES TSR AR EE wAlsly] 8 Fig 13 7+
& F3F e MolEg At 248 AlEkeb] Al 15
BZF gkl Faet IS A7 AsFH 315 I
= S A&SHA ks 8T £xR
g & (step 3) HA A

A3 FelE 022 ZHAAZItH(step 4).
Ha7E AAEE 2 o8] 7R B dEE mAks] 9l
4712 WL A4 (sep 5). WA F4Z AASE o
g 7= A8 B AE BARY] Qs 'S4 3

=

=

2 Step 3

=2

IS Constant
current

15~ 7"77~ .

Step 2 [, ' Step 4
Load /[ : Load
Step 1 ' ' Ste

. ' : p5
o Hp/air ; : Purging gas
L ' '

15 5 15 5 30 Time L[minl

Fig. 1. Theload cycle employed in this study.
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Fig. 2. Typical voltage responses to the load cycle in Fig. 1; (a) Ho/
Air, (b) air/air, (c) No/air and (d) resistance/air.
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Fig. 3. Effects of hydrogen removal method on decreasesin the cell
voltage measured at the end of (a) step 1 (OCV) and (b) step 3
(@600 mA/cm?).
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Fig. 4. Nyquist plots for the single cells measured before and after
every 10 cycles employing (a) hydrogen/air, (b) air/air (c) nitrogen/
air and (d) resistance/air.
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Fig. 5. Effects of the hydrogen removal methods on (a) ohmic
resistance and (b) charge transfer resistance of the single cells
obtained from the data in Fig. 4.
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Fig. 6. Linear sweep voltammetry for the single cells measured
before and after every 10 cycles employing (a) hydrogen/air, (b) air/
air (c) nitrogen/air, and (d) resistance/air.
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Fig. 7. Effects of the hydrogen removal methods on hydrogen
crossover current obtained from the datain Fig. 6.
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Fig. 9. XRD for the catalyst after 50 cycles, (a) anode and (b)
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A whe] EAdol= FIFL PIAA] S 9nshH, OcV
FaFa AF7E A A9 A3 Xt dsd whe
FAZE 20% A= 74890 Fig. 4914 ohmic A2 A<
A FRERE, ol A3 Asfd Awe &dow
g ohmic Aol F7ket Asld who] FA #AZE AT
ohmic Age] 747t A= wlEelgtar AlEE Y, o] o
M= %ﬂﬂﬂ A7t Zesi)

Fig. 9 & &4 d & dAg33 375 Srjol s =4
st XRD Aoty o]2HE A ()& o83l Pt (1 1 1)2%
Hol 9x]Ql 39.8°¢] FAZNFE] Fu Yrke] AR ANE ALt
sled Table 1o Az|sith?

0.94- A
B - cosd

L= @

LS 2H AR A71(A), A XA 37(1.540504), B=
E/4v=2] FWHM(rad), 0+ Bragg 22 2zt ojujdit), £
715 BF ¢ 5nm3ie

A Pt EFrje] 2RA7]e A8S2

Table. 1. Crystallite sizes of anode and cathode catalysts after
50cycles on/off cycle operation.

An (nm) Ca(nm)
Fresh catalyst 49 51
Ho/Air 9.5 10.1
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Fig. 10. TEM image for the anode catalyst after 50 cycles; (a) fresh sample, (b) Ho/air, (c) air/air, (d) No/air, and (€) resistance/air.
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Fig. 11. TEM image for the cathode catalyst after 50 cycles; (a) fresh sample, (b) Hy/air, (c) air/air, (d) Ny/air, and (€) resistance/air.
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