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RTR A TR G S FI R R T 4 HRIE % 1998

B0 - BAARE £ 35T YR T 81 i (alkaline) AL R 4 - TS
% $& " (proton exchange membrane) 4! 7 # ~ Bif&(phosphoric acid) % #L 3

# ~ %% R L B (molten carbonate) % # fr F i § 1 47 (solid oxide) 742 T #

FPHEASTF LR §8 FPRERER G o ok 122957 -

212 B%T 54 EF ¢ (IEC) %74 ph &%

1 5 BF 4
R
IEC/TS 62282-1 (2005-03) Ed. 1.0 Fuel cell technologies - Part 1: Terminology
IEC 62282-2 (2007-03) Ed. 1.1 Fuel cell technologies - Part 2: Fuel cell modules

Amendment 1 - Fuel cell technologies - Part 2: Fuel cell

IEC 62282-2-am1 (2007-02) Ed. 1.0
modules

Fuel cell technologies - Part 3-1: Stationary fuel cell

IEC 62282-3-1 (2007-04) Ed. 1.0 power systems — Safety

Fuel cell technologies - Part 3-2: Stationary fuel cell

IEC 62282-3-2 (2006-03) Ed. 1.0 power systems - Performance test methods

Fuel cell technologies - Part 3-3: Stationary fuel cell

IEC 62282-3-3 (2007-11) Ed. 1.0 power systems — Installation

Fuel cell technologies - Part 5-1: Portable fuel cell power

IEC 62282-5-1 (2007-02) Ed. 1.0 systems — Safety

Fuel cell technologies - Part 6-1: Micro fuel cell power

IEC/PAS 62282-6-1 (2006-02) Ed. 1.0 systems — Safety

Corrigendum 1 - Fuel cell technologies - Part 6-1: Micro

IEC/PAS 62282-6-1 (2007-04) Ed. 1.0 fuel cell power systems — Safety

Fuel cell technologies - Part 6-200: Micro fuel cell power

[EC 62282-6-200 (2007-11) Ed. 1.0 systems - Performance test methods

Fuel cell technologies - Part 6-300: Micro fuel cell power

IEC 62282-6-300 (2009-06) Ed. 1.0 systems - Fuel cartridge interchangeability

® 3 ¢
IEC/TS 62282-1 Ed. 2.0 Fuel cell technologies - Part 1: Terminology
IEC 62282-2 Ed. 2.0 Fuel cell technologies - Part 2: Fuel cell modules
IEC 62282-3-1 Ed. 2.0 Fuel cell technologies - Part 3-1: Stationary fuel cell
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power systems - Safety

Fuel cell technologies - Part 3-2: Stationary fuel cell

IEC 62282-3-2 Ed. 2.0 power systems - Performance test methods

Fuel cell technologies - Part 3-201: Stationary fuel cell
IEC 62282-3-201 Ed. 1.0 power systems - Performance test methods for small
polymer electrolyte fuel cell power systems

Fuel cell technologies - Part 3-3: Stationary fuel cell

IEC 62282-3-3 Ed. 2.0 .
power systems - Installation

Fuel cell technologies - Part 4: Fuel cell system for

IEC 62282-4 Ed. 1.0 propulsion and auxiliary power units (APU)

Fuel cell technologies - Part 5-1: Portable fuel cell power

IEC 62282-5-1 Ed. 2.0 systems - Safety

Fuel cell technologies - Part 6-100: Micro fuel cell power

IEC 62282-6-100 Ed. 1.0 systems - Safety

Fuel cell technologies - Part 6-200: Micro fuel cell power

IEC 62282-6-200 Ed. 2.0 systems - Performance test methods

Fuel cell technologies - Part 7-1: Single cell test methods

IEC/TS 62282-7-1 Ed. 1.0 for polymer electrolyte fuel cell (PEFC)

T4l %k IEC 4 3 http:/www.iec.org
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KA FARPF R F MY GRG0 F RBERT B AE T AH

WEER] 4 o

2-1-1-2 3 2t e 4l 12

v

20 M PFSA AN KR WML il ¥ Sk (TR 5 60-80C -

FEABETARBFIRES BT - 36 0 R E TS R TIEH L -
FIRKRE T ABEBERTHRET I ESRATE > A SR
&R PR B A PFSA WA B IR T d W HRBBEHLER S B ERT
o B IEE MAAHERDRET 4 ERETENTFIETR o
Ramaswamy % 4 ﬁﬁﬂ BreHmgdahpd ARSI ehE b o 8 00T
TS ETERKZEAFIBOC B FRAEBNE B EN
ot i F G 0 BAEA G EEF AL A B BT (1]
M4 e 45} M PFSA WenBgE w2 B fRin M T o o 3t CF
5 &7 ch4 5 g% 25 & polytetrafluoroethylene(PTFE) 24 + 4 » ¢ 18 Nafion
Wi 49 e 150°C T v A dF 4p € TR o Surowiec 2 Bogoczek ¥ 4 [2]
(38 B B 5 280°C 15 - Nafion cre it 4 A j& 91 % o Chu % < [3]R]4 7
% 300°C T g+ 7 4 4515 Nafion erai e 78 € B 4275 4 °Deng % £ [4]R0] &
400C e TRIE DG PFehs § LA S o
Fook o e R e R GrFR § BT R kit o Bk Fok

> 5B € B EF WMIBIE F 1295 Gore fuel cell technologies 7%= 7 [5]
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2-1-1-3 P B F B T F 5 BT A i 4

B2-1-1-17 § &2 D RARGDF B F MicF F 23§ 0 7B ARG
PR um 6T LA 4 TV KR T o iﬁ'fa” b PR BV A R 4 F
LEFRAEAR2FCF RTAL hp 4 A4e OH & HOO » - #2305 €
S ABEEAFPE A CETF o T FF TR D AR R
BREMGRR PR T o e pd AR R {7 it B e
[6,7] °

koo TR Y cdeE XL BB o L E 441 R kA Nafion
SRS Yol RN I S T p IR § AALE SR ATE

o pmp Nt FE 0T ([19]

R+~CF,COOH + OH" — R+CF, + CO, + H,0 (1)
R~CF, + OH" — R~CF,0H — R~COF + HF (2)
R+~COF + H,0 — R~COOH + HF 3)

Faens RIFFE R HEap d A ¢ FL i dh o A i

BATAREEAT L

o

prh s d BEE AR R F A R e g S gé‘zgﬁ%:gﬁﬁjﬁu;
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g A d R ki BT T n B F doT (8]

H,O, + FeX* — HO" + OH + Fe** (4)
Fe*'+ HO — Fe’" + OH (5)
H,O0,+HO" — HO," + H,O (6)
Fe¥™ + HO, — Fed* + HOy (7)
Fe' + HO,” — Fe + H + O, (8)

EHF W E B A Hy kB T o PFSA Wb 4 d A 4 T 5| hE
-CFp- + 2H, — -CH,- + 2HF 9)
TRpY RenrcE g A4 -CHy-» P Fejnd i 54 43n s £ 24t

PFSA "4 chip| € = 72 [9] -

2-1-1-4 H # = % 3 B 45

EREEY CHRER A AT F IRV ARG ST A KR e
FHApfR2 ™ >t chR B A & BT 5 R R ol s Tt > 2 B3
FEIBAFF DR o - BRE S PRSPPI LA LEREITREE
BREE: N FIOETBET I ER ST T F A b
FHMTINETR > AR T H DT BELLPE D & BT 5
BAM PRI DETR O AT IERTR T - BREESEENR: e
FHipfz ™ 2B+ Rapk > Flot ¢ R R ERLETF]D » BEF
FREFF R FIAL s o AR 63 VR RF F e

Mg pd A A iEd B P R[10]

2-1-2 {4 (Electrocatalyst) ¥ it ¥4
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SRR 1] 0 & B B BB RS H S 1 INF R B a g B
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o
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RO ARME B 5 DR R A MBI X iR g W R e i
# A g £ F] R fF O g 4oid 41 e 2 0 Kawahara[12] % 4

B AREREFTZ AR T CFH P 0 SR E T AR R

Pt » Pt"" +4e” (10)
PtO, + 4H" — Pt*" + 2H,0 (11)
R wIStRiE (TR o0 4R fRB AP G

PtO, + 4H™ + 2¢ ~ — Pt*" + 2H,0 (12)

g F AT B AL B T F B R 4 & BRI
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/ﬁfig" , l% AU 4’{%@%%()‘;\‘,]

2-1-2-2 daerdf 4 &2 £ R4 1w

G PR T B R Y AR AR - £ & TR 0 Flk TR
Dendadp S F oA € YD Nafion o9 » ot g F #4 R hF o RIE
B g & e AR T R G m b 40 & RG-S BL B o R R B
B B ASERITERTS G g MAaR R F P2 Az

BRBF]AoT[13]

4 & B eha % 1 Pty — Pty +2e” (13)
0§ L3 & Pt + HyO — PtOg) + 2Hs +2e ™ (14)
%i‘ﬂﬁwﬁﬁﬁﬁ'PK%yQH@f—+Hm%+be (15)

,45‘_—&- bti sr, mx’ﬁ K /'@; Pt(*)Z+ + Z/2H2(g) - Pt(S) + ZH(*)+ (16)

() # m dF A550 0 T Aok Ars TR ERT R Ee AT o

T RPN DR RRNLTA PR A LSV A A
#%éj‘w“}l‘g\"}' 31;;.’?;1 E’ﬁ;?%ﬁ('fi\—"g SR g TLE{\‘:; jLﬁ}-}\\;‘;fLi ~

A FF I PAmF it RE) V- ARERETE kY P AL D aE
4;]’7’(—!1{" J‘;.%%T%Pt Ejl/lji) ’}’E‘l#%\ )”ti—aﬁX £ Kﬁ’»ﬁigmﬂla %
ptehd [14]0 F1E - F PR BAS A B PR IR 2

R ek R AL £ F N o e

2-1-3 B 44 ¥ 4 (Carbon Support) £ - % 4
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BRI AT g2 F A LT FF RauEAEY o PR s
F LV EES FRS O GERT RS AL KRN E A2 3 (1)

F 2 %244 surfacegroup; Q)= 2% * &2 4 - § L g [14]

C,—C, +e” (17)
Cy +H,0 - CO+2H +e" (18)
2C,0 + H,0 — C,0 + COy + COyy+ 2H" + 2¢~ (19)

F % PEMFC & # e (2™ > TR L A0 0.7~04V > g
B BRE o B TRFPFT 0 B (X 1 PEMFC T 4hedF 4
fe BERMFLNFF o5 TR RH L6 ff ~ 112 T P IR
BRE - FPREFEY > FROPEE L o Kangasniemi F 4 987 7 [15]%
TN OSCHE R A3 08V w2 28T 7 B+ 3 1.0V Vulcan carbon
6§ PR oo A AR R TR IR M P T g P RS
Attt ST AT R R G TR A OCV ehg ik iE
- ’,%%‘d BLES Rk cnE B e R EF([16,17,18] -

ERERREOEITT §F LR TS 2L TR R BEE

TRAPH B F 0 Fla o B X oo

2-1-4 F BEPRATH 4vid £ 1 {84

F ARk chet éi«é:ﬁ[@iﬁﬁ?@@i ]\msy%] TH B
BE U RS AP MR TG Tk EokhE 4 BB

%O 0 MARECE & PEMFC endd AL VR £ & ehd 4 o f AT
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BAR SRR 13T 100% 3 F 3k 7 0 ¢ 3% B iieehd] 46 o 1995 Ballard[20]:0
TS B EBRR 2REZIEBPHER & T0%DFRT > T T g

3300 | PF 5 e AR GP IR R R R S 1100 )} FF FAR AR

e

G PTRE TR > BR300 ) BF o Yu £ 4 [21]4 BLERF] > AR A
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TR BT g G AR R AR S > TP B F L RN § AR

B ROk (T AR SRR P e R g i@ A i 4] 4 - & General
Motors corporation F#7 3 A R 3 B - k| ehfpdHiR R AT & 0 MR
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22-1-2 b i /4 o U5

A TR T S AR R 8 Y - By e L i B o 7
Mo Bk BB T OPFSA MR ke BEY G 3F S AR R 9§ oKim & 4 [23]
Ptk UK § BT LHE T R e UL R A e B A T kR ek
o iR 0 C T P g Bk R o ks k2 R BRE TS L

B FF AR o SN Y 95 90%Hk T gk o

RN R R R E ke e gttt BORE RS fookix R B Y R
PR (R 2 A2 AR HEE G S TR o

McDonald # * [24]5F7 5%+ Bor |+ L #%5-40C~80°C i & %
H38S BT ET R FMT SR PR R B £ 47 Cho & 4 [25]
R - BREK R ERGREF-I0CE FE- B TSR R
/AR TR FET RS 0.6V i B Mt OCH TR PIFINT NGRS
880 mA/cm’ » 5B ¥ - = #EIR 1S 5 860 mA/em’ > ¥ w =t TR % 3 780

mA/cm® o B m oK cAp %1 2 REAE B EF BT 4 ot o

2-2-13 B TR
S SEHA ARRTRCTRE LTI A ST R )T R

T G ARFUT RS P ERFEF PFARE T F

*
=
=
I
bo
>

2B R F AL D AT <B4 L AT
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g & F 480 Liu 2 Case[26]4r Nakayama[27]% A T3 > B R T B i
ToZFRARE G P DR R AEIR R AENEIET > TERFR
g4 o Nakayama e i SR - FHRFFRTBE f P Tt @ 24§
AN E T g8 51 FFLRRIRT ¥4k enf$35 > Liu v Crum B
FR[2B]HAEGERRTBOFTRER S A EPHF A gRETH R
A& %5 k%] - Inaba £ A [29] M o LR E 60 X hE L F % B

TRT A S S 83 uV/ho B Y G d FEEARS Xehpd A FE

:_i:
&
3
=
e
&
A
M
F_&
®
-

R E FEORBT > B RTRET B
i RAEHET AL L 5T o 2 N RE DG AR A EF B
Pl T A e T o - BUARHBER FR O E XL FHRY > 2 90T
PTEE Y 0 REALF M A EIRR 100%2 = 20T A R PPk 518 60,000

Frendeig X P gk BHRTRY 132 mV/h g T o

2-2-1-4 Fenton’s P|3§

Fenton’s B3 E Mt F %7 &5 ¥ L it B )4 F]F o deif ¥ it ajp
# ¢ o Nafion %o¥ A % RPIRRE D401 2 PIEWnE 6 o - Sk
Fenton ¥ % ¥ “tA A hit B o A ¥ L BF 4B F F puagsdpd

H,0,+ Fe*" — HO + OH + Fe’* (20)
4o 2-1-3 Erit o 2 S ehp d A G ABFF I REN A AL { Fpd Ko
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R-CF2 °

&

x

4y

R‘

iLa AR m h E AR 7

ey

£77 4

1:>:i

c Qiao & A [30]R# %  FREEE

s e T R E K2 ¥ T o LaConti &

-

FREER L5 (2B

2

li- ’

t 30%iE 3

B 8 44

LN~

Rl

5 kg

% 33 $EF|E B 4o R R s> Fe'T> Hy0,

Fe*" > Cu*" >> Ti0,> Co* > Pt*" > Ni*" > AI**

Bl 2-1 «hBf R BB r B T IRE > A R A BB F| L E T

=y

314D

Low Relative High High Cell Relative Damaging
Humidity Temperature Yoltage Hurmidity during MEA
Cycling manufacturing

Peroxide formation by H, + O, reaction
—* + peroxy radicals when cation contaminants present

l

| Polymer degradation |

v

HF release

h 4

Membrane Pinholes
& cracks

v

Mechanical Stress

Membrane Thinning

¥

Corrosion of metal parts
Release of metal ions

I Ha crossower

+ 7 ¢ ¢ Nafion ¥+

¢ 33 4

21)
RIE Tl 0t 4 =

| Yoltage degradation |

I:l condition
I:l Degradation mechanism
[ ] Measurable effect

Bl 2-1 235 % 0= N dp s enis % [4]
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2-2-2 FREBLR Ao KL 32

2-2-2-1 R REPHIRREET

Borup[32]% 4 3% {1 1 2wl B T Eat A 8 N2 ok BT 40 18 4
e £ FEFE R A A H 4o Dam 22 de Bruijh[33]% FEd 7 ¥ 48
Mex §22 & IMHCIO4 £ 115V T 3 3R > (B & %30 40°CPF A7 ip 2 340 &
W AR ARA R AR - LHE 4T 43 60CH 80CH » dachip R 2
% 0.87 3] 1.58 ug/hem® 2 B¥ » 8 1@ 3| : 4935 Nernst > 4258 » 4a 03 318

EEFRR YA BT LA A AR o

1a

Cai[34]% 4 4 # » 1 AFHRHE T4 £ LB PAHT T > 1L ex-situ e £
S5 @ PE A 250°CH » 5 F 0.7%¢nF F £ 8% Kk ehd F 0 X2 0Tk
KT 2L 0~ 1.2V (vs. NHE) #4510 B 485R {8 > LB T40 4 o ff R
R B A

PR RHEERHETA Y R BRBARF IS L AN T RE
LB REET  » Et@Fy pgFRA A AR FHRITVERALR D
240 3] 300CHF » Tl o LWl 22 1% TRTIES BT FL
Fre 4 4% & il o Schmidt[35]:7 8 » 2 i 7 § B Celtec®-P Series 1000 MEA
chfd * M endicdy 0 Boin-situ e s TR R A 0.2 A/em® ~ 8 B 160°C P > 1£
ekt 55%E F 5 s b A 30%EF R F M BRRE ROFER E

¥ 15%E F i a8 ANE g re 4 o
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Xie[36]% A 1* FE N T 3 A BRRF BRI EE@EE? v 234
BERERRRTRE R VRIS i R 2 B R % o RIS E 1000 B )
P eriBl2E2 15 > B P IR fds k500 BABEFAD T AR 4 RHTR

B B R ¥t 8 PFIRT AR &S Nafion®% 2 fra » € F 4ok

ﬂ'n—

Buehl f o F BB BT O RS 43NS ARSI AR F M 5 A Borup
» IR 38 {7 Load-cycling F 5 FF 40kl e ¥ 2 Ap 518 & 5 B > Xu[37]
FARFRI A G D VAR GAEIRR G 20 3] 72%FPF ol W 4 o (e -

A28 T2%FR) * B &g o

2-2-2-2 FHITR

P2 foo B+ LHEHMROE TR ke R BF X LA
AR e ¥ LT By AU (R = 20 R R fER
TN BT BT R B AR R R G o F T 143 0.9V
P 3 B B R s F 2 F R 09V 1B
BPp L e & o - B B R BT 0 b R R Y G
EILPREFT kg0 (AE R bk d > § ARG Bdeid da e R
Dam #? de Bruijh #hex-situ § % & % & 7 & IM 5 HCIO4 ~ 80°C T 0.85 ¥
LISV 0™ 2400 % B4 D enfe B Wang[38]% 4 anv ies 1 &
0.65 3| 1.1V praaciyg 1 8 2 8 B ansg § 4o d M4 > - 24236 1.1V P&

Tﬂ*ﬁpu T BT L pE R A A ehda g I IR T G e fRAR R o
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FiEOCV e et a3 B2 A8 4 AR e adifsimpl o
Ferreira[39]% A 2 I4a ek & 5 & in-situ e7,% 527 3 > Hy/Air~ 555 2000
Bl PFenB IR T R IELS 0 7 2 MBS TS L chlfR o Bi &
B ey 40]4 FIRE R i d 087 Pl 12V &acha G F §7 5%
FJRITRERAT AR oW 2297 AR OTF AT a4 £4%

]
10" g

Darling [41]% # 1 — § Bida~4nF -4 2 § L B3 fdeneh 4o § 46 B e
BB HEES 0 B PRE G e AZE 0.8V BV P 40 a3 1R8]
R AT o E?’.#&E‘%{BE—”?%&L?: By ad § Ry §E
f27 405 0 ¢ KR BEBBINFF LW @ Guilminot ¥ A [42]7] E 4% )
Hokep e Eits GRe T /TREY LPF HERNHEST DT

AR A I RSP SF AR SR DTG R g D Mk iR R £ T4
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2-2-2-3 Y% § §* (Loading cycling)

L0 [ B2 PEM %L 3 ¢ 7 i lends A s ﬁ.ﬁﬂw CESET % ip) 2
W e i 2T R g 2 KT R R[43] o F At 4eid K b i SR

ToFHFRS Pl R HT R DRSS DR E44,45] -

ﬂ 2-3 gF"T"/\)?a 4(1?'*‘ L mé’ i\vb /ﬁ(abc)l‘}’ Kﬁ_, e é ;\‘.(d)é—f«wb ﬁ,{ o

=

@i Foend s AR ¢ LFE W A G (star-up) FHP S T g iR

B F %I N EE PR E P OT REE - BRI HRS PR R R
WL ier B{or T 0§ DT RARF o S R mﬁ,@fﬁé@ﬁ&
€ o Broup ¥ A [43]F F & n Sl f R RS <] A EA
PRl P pHREL § P ER e PEFET P EE LS Fr B
# e b o @ 77L& chE_ > Wahdame ¥ A [46]% Harel[47]% A #7305 14
B f TR E BRI

F2-1 vt TR oIk f R 2 Y4 PEMFC & i+ ok o ,Tk
e P FRER O S 0 TR INDE R FRERE ’fjﬁ#lﬂ

PR Ea 3 o IR PR A R E D B &7 T

B
3
e
F
ok

Li&i?t—itﬁ; y ﬂl}b%i?iﬁ?ﬁ'&f’é‘
E8 BB T B BT PRI § fUnT 0T AR gk

§F P M o R R PHS S LS g B i
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o
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s VO EF RO FEenE R 2 LG .

3.0 g - a
0.5 1
rf-\\
€ o0 __.I_._l-I I_I-.-l I_LI "
o 0
< 1.0 -
= b
> 0.5 4
L —
c 0 | . '
3 107
St c
& 0.5- I
8 0
1.0 7 d
0.5
0
0
time (s)
W23 VEEE zﬁ S TPyt v R[]
%2-1 2 F§ ?‘}Px s HPEMFC it et iz [1]
100 cm? 3-cell PEMFC stack operating conditions Degradation rate in different stages (mV/h)
Constant current, 0.5 A/cm? Dynamic load cycling,
average current 0.125 A/em’
Fuel/oxidant Dry Hy/humidified air 0-350h Constant 0-500h 0.1
Air dewpaint 25°C 350-400 h 3 500-700 h Alittle improvement
Cell temperature 55°C 400-600 h 0.22 - -

PR ETR R R RHERE R G R J R

TRt > @43 AR 0 LfEE T E 2 — o

22-4 75 J 4 FHE B
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BS54 e - a3  FLRAELS - 2 EaEL o - 2 F
FFR G FEAKRp & FORAEER F 7% - §F LE(CO) -
= F PAR(COy) ~Eri-dm(Frit g HoS 2 greng i 47) fog (NHs) o @ Z 5 0

PR IEF (T FNOR S

-—~\

¥ NOy) ~ mi g iV (= ¥ V20
SO, % SO3)~#F *#(CO %2 COy)~ L5 & FH B 5% - BF K p i
SLH s R (e ~ 3 AN AR BT AR AR ik
gggﬁéFﬁwNﬁwcﬁﬂcfﬂNJ\cﬁﬁapiﬁmmoéﬁi
BAFERNFLAYF G- F B R RM-F PERHY 20 P ek
¥ r a4 i Pt-Ru/C -

HIEE S Baff ik m 3 > B AP SETEL > BT & T2 h &
WSS € TR IR R o R R R o TR E S WS K
B g o A0 F el 4 aigt b o R B o ig g B AR AR
LR IET oGarzon & A [A9|BLZFIT 4 A& 7 lppm £iit & g 5 ¢
ERew ] P TRZRETR L ek BB 21 P ATTR0OSV 2 T

£ A ame it Br &% o T AL T T BERE > T8 ok

R - A AE D R nd R T e 10 TR R
FoEYERY ik P{,‘,’x'-*,fnmn;; ITEE,%( ° IF—ﬁ o e N R

Bk RRLE R Ippb 36 BT ki S ) 6 B

e g F A F SOy 4§ HRH F A T g g 1 HT
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G § B E A 4L o 1995 Mohtadi % 4 [S01F7 % > = § 1 A i fmend 1
#FPRERER G M BBk & Sppm T eha v ik St 4 2.5ppm - § i

—

T o Wang & A7 [S1]» M- F (b Fnengd ibac 4 7 -

5
b
e
7=

PRenRE G M S HEF s FAERT M e - F AR T
T hZ F YRR R ERMAPE > 4o 0.1ppm ©

[
Ba o REERF AR GRS F 1 F (N0 HE S 6 B

WISBEHRRER > - F L F hF LT E A AR T L it B

Moo R A AR AT LR At B R TR A S s

FOLF T A2 AHINH S -
neat aif 2.5ppm NO,_,.fair VI curve neat air
100 = I
2 .
. 8o
= — Sppm NO, fair
=
= 60 —— 2. 5ppm NOxJair
40 oo
20 1 5nnm NO. jair neat air
neat air°PP 2 NSNS
0
0 10 20 30 40 50 60
Time (h)

an

SRR

—_

B 2-4 % #% & Sppm % 2.5ppm = ¥ i ¥ e % 1L [50]
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FEFAY AL (NHy) HT P B 1545 akRT e B
Fe B PR 5 B o Uribe ¥ X [S2[F 22 PR k(e 15 ) )& 3k
FERE TG 30ppm) > R A KEA P AT Had L TREFREBR
BEF TR R o iy @it o ApH e ok Bk BT R b
e l3 P 2 AT Ha R AR AR ERERRE A AT HS
tend B RFIR P TS ALk R EARASRE T B s R B A3
T
PRt TS BE S BT AR SRR E XD EMR T 7
Fi52% (#ri* & 10ppb ~— ¥ B 0.1ppm ~= ¥ i* g Sppm ™2 % Z lppm)
3 F BRI A T IS A5 0 X R oGarzon F A [49]#—- B & &
F# 50cm?” en g % 4% 1T 2 80°C ~ 0.8A/cm” T 1000 -] pF > T 38 PRy ff A
100mV > &5 Moyt jF F]20 g 002 Fr Y & HF A0S 0 BOpTR A B R
1 5 40%:0 £ F g ARELT T TR o M A PR D - F 0 e o

;’F% #d Eﬁf_rﬂ%@ AL ERL g% o

2-2-3 B HERE e s £ L 2 E

2-2-3-1 #4417 % (Fuel Atarvation)
BT SR ¢ E B LT IR 0 (JE2 & fuel starvation) -
iR g e c F BT CFFTHLINF LRI EF g1 T 0 D

RETREIHYEFE > TRTPEFEF B - LHEERTRALE 0207V
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(vs. NHE)& & € % I 1.23V (vs. NHE)B¥ » % 7 gl enk o2 b > = § b4k

A SRR B € A 0 R AR ORR F ¥ & 0+ [53]

C+2H,0 - CO,+4H +4e  Eyg=+0.207Vvs.RHE (22)
H,0— 1/20,+2H" + 2¢ Eyosk=+1.229V vs. RHE  (23)

=8 s ) SR PR S SRR A ey SPANT I SE == FHEENTL AR E g\m
AT 5 2 R inee g AuB AR B Y FR g # 4 o Taniguchi ¥ 4 [54]74 TEM »
EDX m 2 2 i 53 2P 4 #IRGHEWE? L8 TSP e fF o
T & SRR s ik R(cell reversal)z {8 T " {%
SR B F RHMEK PG T 22 D AW fyenig F Rk T2
R EEEEE Y E

B2 PR 7 4 # R (air starvation) e B BB 2 R e B [55] 0 HAa g

469 > ¥R # Nif T MIRRATARD F P TR o

2-2-3-2 3 F IR R Vg A
ey T B A T AR ARE F RE) A EF B
FRT ST LHerE & o B /M B (start up/shut down )4 2 LR R

FRF 1L ig A P EE e 4 o Tang & A [56]41* B T 4 2 2 75 (dual-cell) i

o

W7 PR 5§ /AR L & 48 (R 2-5)
FEFNRABEE M RBTEAL ORRFE B 8 B8 L1

HooRlg w2 mitsy (Bq 42 Kk fEF B(Eq.5) o R L 0 B AT
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Bt o f §5 46§34 0~ BRER S 30 B 56 bR
%) 80 B AT » 8 LB HT I B 515 ff (ECSA)R > % ¥ 709 - Reiser[57]

FAfd o MAMFRATEELG NP REL F g% D KH

%ﬂr

3§

W% @R ATBP LT eas G- FERIEFF U5 ET S
IR B A2 ST R ERME AP ¥ sk &
- P RPN 5 BB c RADT RS 5

2 Nafion % o

H,/Air = Power Source Air/Air = Load
Cathode

<

-
COR: C + 2H,0 — CO, + 4H" + 4¢"

ORR: 0, +4H +4e — 2H,0 1 OER:2H,0 — O, + 4H" + 4¢

A

— o o e o | -

Membrane H* Ht
\{
HOR: H, — 2H" + 2¢” ) ORR: O, + 4H" + 4¢ — 2H,0
< >
Anode 1
Hj/Air Front

Bl 2-5 % 4 /50 R U 412 A s end 28 B[122]

2-2-3-3 %+ % g 11T gz (Cold start-up at subzero temperature)

i R fxde 5 PEMFC s i1 #4482 1 ch¥ - 78 F]3 o R T f R fcd
Bod RiAdavkegmAleark &0 REALHEE AT EEE
B F R R Rehi 0 AR ORI R R E

FRdrdt L ey ™ F 2 F AR o T F G a1 L
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WCERLE IR G TR %48 ) 5 R AR $ER H ek 14 [58,59] -

\-\-

PR Fds R T o kA 3 £k L end & R FIR 0 BET R A

Mg R R ik %o gedp § SE & - Hishinuma % 4 [60]1 gt b i 2

MR Fed (SNl T 2o WA TR TR TR F BAL R R T
# a-STCRF L » e it pt /E'_/ifﬁ?w’* AN b R A kBT R o @
Oszcipok % A [61]c7%7 7 &1 > V458 P R 08 B M7 fxd if & 5-10C -

WA E AL TV RF A NEA TG GRSk AR
FEBHRE S A advRF o A g Fke ek TR 25 5 2R

0C &7 > ’J\/ﬁgg-{a‘ ke ke

2-2-3-4 F- 4|7 /& (Potential control)

L e FETREF BN AR K kiR

far

AER L EFEET REE G5 OCV (1.0V & £ e — Bhenig) o
Makharia [62]% H }5 & 533 # £ 80C T 2 OCV (0.9V vs. RHE) 524 2000
JRE S R E R A K X) 2-590 B R et BINEE F LR PUH
@ 3 4e[31]°Roen ¥ 4 [63]%%@ on-line mass spectrometry | & {1 % 1% 5
PtiEM B R ERE F s F P RE > REEFTEAY T P

WP Bl R MR PR T R T e o T RS § T

2

R S

FE Ptz £3 M o 1345 Maass STy [64]4p o B Y4 ¢ R

b

HERT AL > dRHTHYZ F Ptenfim™ > 35 aRMag =4 4
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3 (v ek R[65] -

do0F i ARG hBER A ST RDAD PR
it 4w A2 24 eng v 2 & 427 phenols ~ quinines ~ lactones 12 % carboxylic
acid ¥ » 38F %’ﬁd P N R D] o Bldci b ARG R - IR[64] ~ X-ray
photoelectron spectroscopy [66] ~ thermal desorption of surface oxides[67]14 %

T 0B 45k 5 [68] -

2-2-4 F RAFICK ik X i S 2

T~

P 4A 47 HABACA E LA B ARPFET T 5 0 A LI ] GHET
ﬁﬂﬁﬁﬁﬁﬁﬁ°$ﬂﬁﬁﬂﬁﬁﬂ’?5ﬁiL? T3 G - W
kL Fl2 - o
2-2-4-1 In-situ stressor

doik E Vch R BT o FRORPE MR (T eniE 2 4 B B b kR
Borup % A B F WIBACK 5ok entd M F T4 andl (08 B B 4o @ 4o

[43]c @ v FIRAF F T T F HIPIK SE ORI HIZ] A B F
# #

=

THITOE SR RBE o B AN F 0 3§ BT
Loy s FEP O OF MBI L B REH T PTFE k&R » g€ F T ¥ 9
e TRERY o o Wood % 4 1% SEM BL%Z # #IE4Tk + PTFE k5 auyicd

o SBEPFR T Bk TS S P B e [66] o Schulze ¥ 4 [67]EL%

I AN R B8 HE 1T 1,600 -] 7o PTFE & 2@ "% i3 feengn K
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pL T’FJF," » F1* X-Ray photoelectron spectroscopy (XPS) i i#| ¥| PTFE 4 i o
gk E AT ke T B pEL 4 2 3N F I ki [68] o
h 2 F it /i4 ok PEPR (freeze/thaw cycles)¥t # R yp 4Tk # A L 5
Kim # 4 [69]5 5 100 =x ige it /i4 ok P57k » A0C~T0ChiaTk » £45 12
KB kiE gt o & S dbeiE F RIFACA DA R TR IR B F WK

LY TR

ED

TR Y8 gy 0 Mukudan & A [70]90* gk i€ g it S8 ok AR
PR ET-80C > B e Ly BER T 0 LB gt AR 0§
SEPE LY NERE F I T R NI &R R
» Bt MEA @ enik 25 11 2§ WaRATk cnfdsg

PR R R T s EAF NG F OV A R R RR R ITINE
ARG o f AR MR A L G T 0 FIA A R R
pE e K o B 6 k3 0 Oszeipok 2 H I 28 JL[71] & iR Fads e
T FRBECR SR BATA o BB H TR A PR ETE 0 AR
IS VP4 élt@"li” oo S X (L endeig F]F oo
2-2-4-2 Ex-situ stressor

BOOW LRSI R B R A BT B ex-situ e
S 50K R MIBECR R Rl LMF MR B ke AR %

@A A1 BT w ehP sk % o Frick & 4 [72])%-5 Wik 22 5 K
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AR O W T IO RS PRI EF VR LR L NE A
B F RIBATA B & 3 4 o Wood F A [73]3-5 BBtk Fiize 7 F
ZIEEFARBERGVRY CBEFELB T FIE B OEFEFARAL SR
ARR o FRIERF FRART 0 R E S F B R o Lee &
Meérida[74)p] £ # 8 IFHchk fEL T 2 Sk & (freezing condition)

compressive strain » 3 5 1500 -] pFer it {55 0.98%¢:57) % (strain) » #

\\\

Pees SAREREF MBI 1 bldo D RIL S JVIR KT iR
FoopAGE et PPEITE S LA BRI 635 IR i 2 B
FonZ T g 4eid F WMIFACA T L 0 & in-plane flow £ througe-plane

flow cHi-n™ F 4 H5 R & B34 5 18% % 80% » A= FI3 [T R 4F 4 i1

AR oo

Qpen Shortage Load Local Shortage of Freeze
Circuit of Hy in shortage of Alrin fthavy
Voltags anocde water cathode cycles

In plane fuel cells Onddation current at

reactions: high Voltage at anode supplied by side-

Cathode reaction

Decrease of
Water oxidation ionomerfcatalyst
interface
Carbon corroslon—l
| Platinurm

1 oxidation & -
dissolution

Formation of
unsupported
Platinum particles

CO, formation | ‘ Platinum redeposition |

Platinum particle growth

4—| Loss of Platinum surface area }1*

Loss of Electrochemical |
Surface Area

Voltage degradation
l:l condition

l:l Degradation mechanism
Measurable effect

Bl 2-6 P47 #&(GDE)# Ie & 1 285 ~ & 1“ %427 4p 44 ed % [4]
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% 2-2 MEA % 3R>k (L 2555 2 Ap ¥t }I%

Component

General criteria

Failure modes

Available protocols

Reference

Membrane/
MEA

OCV at reduced RH for
chemical stability; RH
cycling for mechanical
degradation

Chemical stability

Fenton’s test: 30% H,0,, 85°C, 3 cycles
with fresh reagent.

[101]

Chemical/electrochemical
stability

OCV, 90°C, with partially humidified H,
and O, (both 30%RH) introduced to anode
and cathode, respectively.

OCV, 80°C, with dry air and fully
humidified H, supplied to cathode and
anode, respectively.

OCV, 90°C, with partially humidified H,
and air (both 30%RH) introduced to anode
and cathode, respectively.

OCV, 95°C, with partially humidified H,
and air (both 50%RH) introduced to anode
and cathode, respectively.

OCV, 90°C, with partially humidified H,
and O, (both 30%RH) introduced to anode
and cathode, respectively.

[102]

[103]

[104]

[105]

[106]

Mechanical stability

65°C, RH cycling from 30% to 80% or
from 80 to 120% with 30min/step, with air
supplied to anode and cathode.

80°C, RH cycling from 0 to 150% with

2min/step, with air supplied to anode and
cathode sides.

[102]

[107]

Chemical and mechanical
stability

Humidity cycle: N,/N,, 80°C, RH of inlet

gases cycled between 0 and 100%RH every

30 min.

Load cycle: Hy/O,, 50%RH, 80°C, load
cycled between 10 and 800mAcm™
(7min/3min).

[106]

[106]

Catalyst/
catalyst layer

Potential cycling; acid
washing; elevated
temperatures; fuel or
oxidant contaminants

Pt and/or Pt alloy chemical
and electrochemical
stability

41

80°C, 100%RH, step change (30s/step) in
voltage from 0.6 to 0.96V with air on
cathode and H, on anode.

80°C, 100%RH, 20mVs™, linear sweep in
voltage from 0.6 to 1.2V with N, on
cathode and H, on anode.

60 or 80°C, 50 or 100 %RH, with N, on
cathode and H, on anode, 10mVs™, from
0.1 to either 1.0 or 1.2V.

80°C, 100%RH, cathode 1.2V relative to

anode, with N, on cathode and H, on
anode.

80°C, H, with 226%RH at anode, air with
100%RH at cathode, 10mVs™ potential

[106]

[106]

[106]

[108]

[109]




cycling from 0.1V to 1.2V.

80°C, 100%RH, step change (30s/step) in
voltage from 0.6 to 0.9V with N, on
cathode and H, on anode.

20°C, 0.5MH,S0O,, potentiostatic treatment
1.2V (vs. RHE).

40 or 80°C, IMHCIQ,, potential cycling
between 0.85V and 1.4V (vs. RHE).

[110]

[104]

[111]

Carbon support

Carbon support stability

80°C, 100%RH, Potential hold at 1.2V,
with N, on cathode and H, on anode.

80°C, 100%RH, Potential hold at 1.5V,
with N, on cathode and H, on anode.

OCYV, 80°C, with partially humidified H,
and air (both 66% RH) introduced to anode
and cathode, start/stop cycles between
Hy/air (45/100 scem) for 30s and air/air
(45/0 sccm) for 20s.

50°C, with fully humidified 4% H,/N, and
He for anode and cathode respectively,

2mVs™ potential cycling between 0.04V
and 1.2V (vs. RHE).

95°C, 80%RH, potential hold at 1.2V, with
N, on cathode and H, on anode.

[112]

[113]

[113]

[114]

[104]

GDL

Chemical oxidation in
hydrogen
peroxide(H,0,); elevated
potential; low humidity

Chemical/electrochemical
oxidation

DI water, 60 or 80°C, purged with N, or air.
15wt% H202 at 82°C .

IMH,SO,, under potentiostatic treatment
of 1.2V (vs. RHE).

80°C, with fully humidified H, and N, for
anode and cathode respectively, 1.2V (vs.
RHE).

[115]

[109]

[116]

[123]

Mechanical stability

Compressive stress at 80°C and 200psi
Freeze-thaw cycles between -35 and 20°C.

[117]
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2-3-1 Mk b g 2 g

2-3-1-1 & 33 jn 4 i &

FEAL T 4 B D G Roeripl 17 ch & 35 Ok B 4o Nafion Beh 14 4 B o &
CPERAITT Y I EPFTRA LR T ER L TR TEAFE D
- AR EREERAROPIE D2 T U RE TR

5 #1980 # % > & 2% * H Hamilton Standard 3% 5 » B+ < 800 R
#ohd ok B i F M o BBy TR T T o &
BATaw y Poqp o & S @ Fira Y - Bz £ M oo
25um B & i & TS o4 35 3.8mg e o BT A WA BT 4R
TAGRGET o TR hE T 28 L F P 0.01 pglem® s & 6,000 ] BF
165 2% o B AR T ORET > 4 kg L E 3
ng/cm’® o PR TS R ndkenpH B ok B kR G AT B o T
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g SRR A R~ § 0 RAPT R BES 9 04 K
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EFHARRS B rBRD F A R X T R p e R F) 0T

oo ¥ E R % 50pm 0 Nafion -112 %5 > — B 450p) 17 chf 4% 2 5 5 ImA/cm’

atm ; AdRITT ¥ & & R Fleng s 13mA/em’atm © § F o
ARE FP A 5d PRI M F T B RE N AL §F oo o

2-3-13 BRTRRE
RBERTRY LIEL {336 F Bf W& B R feRin
RIS v FRMREL > B0 B AR M ERE S R frd Y

LERpAM o A- BT 0 XSO LRRTIRBET IREFIOR

%> d — B4 IV 307V b pF > & 33 i % 60 pg/day em’
B FEARAOTEFRRTRRGE MT IS RATRE
FPOE T A el H o

2-3-1-4 3 2 gitench g £

IR o W R RCAELBIEA fR 0 2 BE R R o Mt EDX &
@A RET 2|6 A T b o FNMR & F 44 % %% PFSA %
RS ARTR R KIS nA f o X R SESRIA T R HETE L 1S A

ER e
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IEJ‘ ‘lbg” 2,_3; y TOF j\-‘l'—, ﬁ%_ﬁ__}_}é‘miw;ﬁ_‘@\owﬁb ,( ﬂﬁ:}a—ln\’ﬁé‘ﬁ

WA AR AR R (A 2 R B IR T REA ) AR L B2

>

AT PR FRER B ot BT TR R R L b
Tt e il e 2 23 AT R A P nA ik o Y L f v eha 2

s - N T s a- =, + ¢ S . s NS BRI
ARV EREAGZFCGRBERSTLEBEIZ A A4S0 o

755 TS BB (TEM)e§T o4 ™ > 7 0% ) 30sk o 20 p] £ s 55 48

ek AR MR B F KR ht A R o g3 s 3 Kind s TEM

A

R § R T G BB RE L Uo7 E K B-F 3 BIEEH TEM
%Pl RDE ¥ 8 & 1 T F #& - Mayrhofer[75]% * PIBLZI|F % (54 b
T 3 0 S A e B L TEM W 2. TR LI et T Bk
4&.(SEM)4r Energy Dispersive Spectroscopy (EDS)& & # 14 % % id B ff 45+ &
R fod 6o 8l o

",% T TEM 2 SEM> » 3 2 &5 R E¥ &4k 4+ 7 - Bussian[76] % *%
d CP-AFM (conductive probe atomic force microscopy) € & & 1 & + < 4% %
LR e R LB E MG ff o Inaba[77]F A P * Sk F R AR 4R 0 BLE PY/C
f B-cniE B 1535 - Garzon 2 Lau[78]41* X-ray CT(X-ray computer
tomography)BLIRI f§ 84 7 4o F S (s e ) o T3 HFRIA AT

(Electron probe micro-analyzers) | ¥ 5 | ff 4% & B 2 2 4acha i 5w
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T2 AP HI AR K G B AR 12[79,80] o B iTeNT F BACE ST
FI* 3 PR AR Z W RV NS EN A2 BB R T ARk

FHATA) o

2-3-2-2 F L E A5

R F e HECSAHM AL A 3 LB L L Ddpth o v 7 M igd
BREZBY 0 & HRF g o ffatd K7 g% Lin-situ(E T )
2 oex-situ(2 L) AT RIEDFR RE B FRAY KRR FEMLS ey ¥

=% o 4% CO-stripping voltammograms (COSV) it 53 8 B & F =% %t ¥if e

B TR R EEER 8] R BHRRLE TR EF FERRE
B 70 §F BB T e 2 ErE L ] [82,83] 0 & A4 T
Ry oo T ehgE P RIB M g 2 [84] o

Electrochemical impedance spectroscopy (EIS)» H_& * AWk T s 1
LRI VR TR FERF N PR I
PR 0 %ﬁé EIS JE#F[85] o p+ #b » & it & S (I-V & R € > £H A FE
R 2 ZERRA T ORIE 0 o4 ALF P R AT RS M bR S 2 o iR T
WRT U EFE LTS i e & Sl Blde D9 ISR EET

TEHETe gL ETE L DT IN(AY ) AR ¥R 2

\\‘ﬁ*

TR0V T
EE Rt R K 2K o 1945 Shao % 4 [86]5%7 7 - Linear sweep

voltammograms (LSV) e 7 * k247241 T 8 A7 enE it 4 iv{s et o
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2-3-2-3 H 5 o475k

"?f”’ BHATELEELSI s A F AR B Y R TR
AT BT 4Rk X 1w {8 ehec % o inductive coupled plasma (ICP)
12 % atomic adsorption spectroscopy (AAS)FR¥ 12 % ko474t 0 £ 3 £
5 it [87,16] o Guilminot % * [18]= # = 4| * ultraviolet spectroscopy (UV)
iR P et R o $430 88+ JE 8 4512 14 45 > mass spectroscopy (MS) ~ gas
chromatograph (GC) 4 % 4e# %5 j2 > 7 % ko 45+ £ & 2; 2 hF
Fo o

#5 h+ B4 17 0 Xeray diffraction (XRD) 14 2 X-ray photoelectron

(XPS)# * kadrtitidid d g+ < AL a TSR

‘3\

[79,86,88] -
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%23 R RS AR H Y

Physical/chemical

methods

Characteristic

Technology Information of the catalyst Reference
Morphology or Pt TEM (transmission Topography investigation and [21,22,94,79,84,92,
distribution electron microscopy) particle size distribution. 93,95]
analysis

SEM or FEG-SEM or
SEM-EDS (scanning
electronic microscopy or
Field-emission gun
scanning electron
microscopy or scanning
electron microscopy
combined with energy
dispersive spectroscopy)

Topography investigation and
elemental distribution analysis of a
cross section of an MEA or CL.

[21,22,23,87,95,96]

Topography investigation and
determine the ion exchange
capacity change.

[19,23, 38,40,48]

AFM (atomic force Morphology of the surface of the [80,96]

microscopy) or CP-AFM | carbon substrate.

(conductive probe atomic

force microscopy)

Optical micrography glassy carbon disk electrodes. [81]

Dispersion of Pt/C

catalyst on

3-D X-ray CT (3D X-ray | Investigate changes in the internal | [82,83]

computer tomography) morphology, Pt distribution and

carbon content, etc.
EPMA (electron probe Characterize the Pt content [84,85]
micro-analysis) through the cross-section of the
MEA.

Elemental content . . . .

AAS (atomic adsorption | Investigate the Pt content in the [87]
analysis spectroscopy) Pt/C catalyst.

ICP or ICP-AES or Investigate the amount of metal [18,21,23]

ICP-MS (inductively content.

coupled plasma or

inductively coupled

plasma combined with

atomic emission

spectrometry or

inductively coupled

plasma combined with

mass spectrometry)

TGA-MS (thermal Characterize the oxygen content of | [20]

gravimetric analysis
coupled with on-line
mass spectrometry)

electrochemically oxidized Vulcan
carbon support.
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crystallinity of alloy materials
analysis.

UV (ultraviolet Detect the presence of Pt*" ionic [22]
spectroscopy) species (z = 2,4) in decantation
solution of membrane.
Ion selective electrode Detect the release of fluoride. [24,97,98]
Atomic structure XAS (X-ray absorption Give information about the atomic | [99]
analysis spectroscopy) structure of the catalyst, mainly of
the surface atoms.
XPS (X-ray Surface oxygen content or [23,86,91]
photoelectron electronic structure change of
spectroscopy) other surface elements.
LRS (laser Raman Detect the degree of structural [89]
spectroscopy) disorder of carbon.
XRD (X-ray diffraction) Pt particle average sizes and [22,64,79,86,88]

Electrochemical | Potential or IV (polarization curve) Characterize cell performance by [21,23,88,89]
methods current potential vs. current density
. underspecialized conditions.
scanning
LSV (linear sweep about the degradation mechanism | [91]
voltammetry) Obtain by position shift of the potential
some detailed peak.
information
Determine the gas crossover. [18,19, 30]
CV based CV (cyclic voltammetry) | Determine the ECSA of Pt by [22.23,79.87.89.84,
scanning hydrogen adsorption. 95]
COSV (CO-stripping Determine the ECSA of Pt by CO | [22,23,79,86]
voltammetry) oxidation.
Impedance EIS (electrochemical Characterize the polarization [18,21]
impedance spectroscopy) | resistance (especially for ohmic
resistance and charge transfer
resistance).
= .
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FwfS 5

2. fE B K e Y — R BERZAAHEHBRETF AT R
ﬁ&ﬁﬁ\ﬁ%%ﬁﬁwﬁ%ﬁ;

3. RM#EM i KL 2 2 -2 s 2 /R R G S e s T R
Bord T REs s AT R I e 5

4. F WIATA 4eig £ it 3 2 —In-situ stressor ~ Ex-situ stressor = #& > ;% o

g feeadeig it Y > R AhDTHRRE G4 > % FD
= i3 #m 40 [103, 106, 113]

) 5 R/T BE, B R, %RH 8 scem 22 éjl%
5 e oc | BE | rE | BE | kE| P | e
Membrane

ocv 80 [100%,H, | 0%, air 103
2 | OCV 90 | 30%, Hy | 30%, O, 106
3 30 0%, Nz 0%, Nz 30 min| 106
100%, N, {100%, N, 30 min
10 mA/cn?, 7 min
4 800 mA/crm? 80 | 50%, H, | 50%, O, 3 mi 106
cm min
Catalyst layer
0.6>1.2V .
5 80 [100%, H, [100%, air 106
30 sec/step
0.6>1.2V
6 20 mV/ 80 [100%, H, [100%, N, 106
mV/sec
0.1-1.0Vor 1.2V | 60 or
7 100%, H, [100%, N, 106
10 mV/sec 80
Carbon support
s |ocv 20 66%, Hy | 66%, air 45 100 |30 sec 13
66%, air | 66%, air 45 0 20 sec
9 | 1.5V 80 [100%, H, [100%, N, 113
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2-4-2 & i s ehipliEdn
Lo e — L gt A & AR RRTRAE T
3% Heeneh 2RI R e A

2. FREET A A R A BB AR Z
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B~ dvid Tk g Rl
FES 24§k 4 L RESF KRG RS A ER A

Dw fEdeid K e ko e BACE K A E

I 2R R 0IM Fifgs 3T -02~12VREFT =k > = 1=
4o ¥ 5 100~500 mV/sec » & F#45 3000~10,000 B o gt & it 3 2 5 -

TR Y Y 02 0 g ARRRPELE I

2. BT 4 hmRikFi2 1 & FHIRER L 70°Co § EHBER S 60°CT >
1120~500 mV/s (€% 4 d o 4 0 Bl 43 0~1.2V 2 F > 44 1000
35000 B o ptE iR g RRRRE TS BT SR

3. HR A R INE 4 FHBEA S 70°Co § F HIBER 5 60°CT >
BRAZFIR R R R 3-6 & o ptE I g AREFGEEE -
E 2 E g BRRE RS BET AN

4, HT# ZRRITT BT REAST AR BOFRT o MT F &5
F o541 18A (R % A 0.372A/cm) T im3cd 55153060 4 48

PR g BRI LR R -

& b ARG

I BB REEGF LT H A IMHSO, ki3 ? » 2-02~1.2V

(Ag/AgCHRF 1 10 mV/sec i #4572 > d FHRARZE? - H T M F 5
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B ff o A RPPEE g B T A ARIEE A EE BT~ § F
G 0~12V T cdbds o AR AT A 1754 A& R B -

200 MR —BRELPTRAITXCBEBHES Y £7 8 PR

32 Sk # £

E5 R B R St
Nafion 117 Dupont 5 & 0.007in.
Fi e (H,S04) Fisher 95.5%ACS
Nafion /% /% Aldrich 5%

B * i 4 PtRu/C E-TEK Pt + Ru 20%
B A Toray 50%r 7K Bd2
B Toray

 # (No) Z .7 99.9%

3 # (0) Z i3 99.9%

3§ (Hy) Z .7 99.9%
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Bt itk T #&(GDE) Johnson Matthey Pt loading:

2

0.4mg/cm

RERA g 350

It i 1 WY B Al IS Teledyne Model 400
(Gas Flow Supplier)
F WM ERHE Teledyne Model 202B
(Gas Flow Controller)
£ E (Temperature Controller) SHINO [-260C/FCR-13A
T+ f §'1 (Electronic load) Chroma 63006
# R ¥ (Hot pressing) A7 L ik ST-7613
7N T FR ks (TEM) Hitachi HF-2000
X b4 %5+ % (XRD) RIGAKU D/MAX
CHREIE- A L CH Instrument 614A
(Electrochemical analyzer)
R A YPTRAE » Autolab PGSTAT-302N
(Potentiostat / Galvanostate)
A2+ 4 2 B (Ultrasonic Cleaner) Brason D200H
B F v A FE R (Stirrer/Hot plate) Corning PC-420

54



3-3 Wity

3-3-1 TP 2 F BT BOUA

L 338 e R AB I (ink) “7 § 2 /4~ Nafion 73 7% ~ 3 #0402 -k enie * £
B B R 4P gt £ 255kt Nafion £ 8 > W b5 7 35 3 A
Nafion ;% /% I £ (Pt : C: Nafion =7:28:4) o

2. fEBi £ 45> 10ml 3 B¢ ik B 4 » % Ak Nafion i3 7% o

3. -1t AR SR R T A B30 A 4

4 R BFH AR R RATY BT 0 44

5. ER- = HH3 40

6. HFFUBEEHEI R T D o

7. % F 3 2.5x2.5em” 2 LA o

8. B F R R TIEir > B MFILTE o

33 2#HBEUR KT R

1. #-d % i | eng MIBEcT o & A BB 3 Nafion %5 i) o

2. HAREER L 135°C B e s E A BB > XA UL (2%
)30 #) £ % 4o B 25kg/em” i 90 F) o

3. b AR BB P TORLR BRI R TIREE N ET R TILING BT

R REE KR
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1IFRBEMUE 2T TR BV > 1 (TR 4cB 32 x5 d v &5 - fR4LE
BAKARPUETEF B fFE T 20 c HEEEY £5 0 £ D

ik Ag/AgCLRE * %4 T4k > T2 A ZAERBR -

reference electrode

counter electrode working electrode

Bl 3-1:2a# X8R &%= &

fe
“F

B 3-2: 1T t&=i B
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“riE A & & cyclic voltammetry (% R % j2) $+2 &% 7% R

N

Gl Gorifehz Rt o H R Rk S AEOKIB R o 4] 3-3 0 %

i

THRET AN RURBERR ATR TR IR S L

BELFF e 2 FHEF - FrRBEEIRTORKREREE - !

N

4

@A T Y RFIREE ARG Bk b o BELHRTD

KZ B v H T EEe ﬁ » IR E-BT —g-_ g iEAc it H o

computer

CH Instruments

F13-3 0 TR R 8 A4 R SR E T R 7 B

3-5-1% i F]F — % i Bk

» 2

At ad L S A kY > R EMEF L S500mV/s 2 ERLER 5

57



AIM BT o faB R B A REFHE  HL L # %A 15 3000 B
~10000 Bl % £ chx Bl £ d S PA PR RS EE XL RAE o
3-5-2 % v F]F — & v i F

B2k T AP e cHE #(3000 2 10000 Bl 7 %)% ek B L 4AM B2
e L Fr R Ko B K L 100mV/s 2 BB 5 500mV/s i (7K AR R L o
3-5-3 % FF —FfRFehi kR

FAAPR R VB #E R E F L 500mV/s o A F ik R 0 @1

B 0.1M 2 AM hEfe TR B TR 7 1 o

3-6 H§»eneik
H T4 % 5deB 3-5 %77 0 7 % e R 4o Bl 3-6 #77 e !

1 Boz BT A W B SWT R d RIIT L T B F RO

2. & MEA A Q3B 44 %8 #(D1,D2)> L &% kAT # 5 % D2 &
FEANR G ARG FVHII ST LRAG DAL ST RRE

ALY IS RIS > A EEREE A L T e
3003 P Rl KRG FRIESE R LR ()
4. i bl A R T B B(B) -
5. ik B RES [ BER B hA B (A)
6. B isIRA AR B A w2 ECRS L 10/emd) > KB
e

Hifr el TP RTREE T e

E
sl
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7. hA BHIEEE B RIE B~ § F R L RRIRSL 5 Fa

B R2Refer Bl » 3 F 235 -

=y

8. MF FRliriE & F MG AR BEAEITF {48 (clectronic load) t >
Bo X FZETHRE > T A E R SSC & FHBER T0°CT
REOIV T 24 PRt Eit > @i Eeddd S g -

RS ’ 2 N L

N AR A S Y P N L T R ok 2p T = A S
0. lfd"?,f"”;i?,?,/)wé?fi i 0 d VIS e S IS G A M s £ Y YD R

(N3

By
@h

BRI T TR 0 BT TS T LR W AL

f g
L0 O O

44

S| d
‘aﬁ’g
N

N
N
N

\q

il || s

\| PMFC

B 3-6.5 7 & % &Lk

=3
RS
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A: stainless plate
B: copper current collector

C: gas flow field
D1: Teflon cathode gasket

D2: Teflon anode gasket
MEA: membrane electrode assembly

Bl 3-5.8H 7 Tk SRl E
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3-7T H# 2 Eivigid

3-7-1 R KE 2

L BRREIR)E Y S ReriMid§  BREA L 70°CH Kig(a 1F
THR)GERFHMEF F o HBER S 60°Co

2. Frf S 0- 12V(He st & § @ b fmsg) » #8320, 50, 100, 500

mV/sec 4 i 5T HE L rnk P o

3T-2 H/HE g 2

EBBREHT RS £ D RERF M E FORBER : 70°C KB
FRAR)EEF AT F 0 BIRER 5 60°C T o gl kAR in e MEA &
i Bk T A UEB0BHEEE - AN L RS

it b SDRIE > AR R P HEHRR BRI S E

E LR 2 R

Step Duration / s Current / Amps
1 10 0.00
2 20 1.50
3 30 3.30
4 10 0.00
5 20 1.50
6 30 3.30

3-7-3 TR mBF|F L

61



TR AT AR BRAOIRT > AREGEF WL B R

FHIEF w0 18A(R B A 0.372A/km’) T » & B3kt i

iR B33 X T K8 0 TN E ARk 0 5 £ R S APHT
o Ag/AgCIFE Y 215 4 T TRRET L ELA TR ARG E
B REERE TR R B E S -02~1.2V > MdFEE 5 10mV/s i (7

20 BlindF Ry S ABRERE VYR > FHEIERELA LG P RS

koo G TR RF Bl ¥ Ag/AgCl %Y T 2 9-02~02V ¥ #1 F
B R & B [V # ST o -F 2-02~02V B eng 5 B RE 15 A >

TLEOMNTEENTREET A 2 58021 mCem® s &
FBe EFEATE G hE FRHe Ao B ER %u*‘w&gm #3.14cm’ B F

Frhn AFRELE T a4 erikni ik 04 mgem? o M K AR 0 W

_—

R F i 5 f(m'g)

3-8-1-2 B T 7 ipl#
BETH LG NFFAEBAEER S T 0~12V B
10mV/sec i# F i {7 T4 > 5 IR RZ Bl o 1945 3-8-1-1 e 2 7 K{

i
=3
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BRNK AR TN TR T

3-8-3 7 &% T+ ks~ ¥ (TEM)

FENT I EAET VR £ Bk

L AR et B T [R & 3R g

2 MR ALE NI ARTEY RFG Ak @

KL Vi N

,q’?
-
. §° 1% (electronic load)t - e #&
T F FHBER L 40°C 4 MF

HR BB EE RS K

GERES AR LY

o

fi3=23 24T

[ e -

3 J'!ﬁﬁ.-’—i— N 'M{[}? P‘“/\;’i]]\ﬁp"k\ {/li’ﬁifk ’
iR A RS SRR B B R S £ Y MEE R R A -

3-8-4 X % 4544 7 (XRD)

\v

il TR 5 AR Y e R 8

2. AU e i IR T R STy L

3 BERALPEE »RBEPEREAT
4. K T ds RS B & 20 5 20~80" Rk
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5. AT SRR T S AR g Y R

3-8-5 #E A7

I, £Bple 4G nE§ 0 LB9 5~10mg 486 %7 > % ~ R E
¢ o

2. m XA AARRE > 2@ 30°CT A4 £ 10°Cmin' 2 FEF o d 30 B
28 3 700°C 0 £ ¥ aF 700°C 5 A 48 o

3. W AR B I 15 5 X R -
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LR ELRREY > AZETREHFEEF S S00mV/s ~ FifE RS
RRR &AM IRB T RFE D > U - ) &R 2 PR RE 22 17 3000
Blink i F o m pip e cndf i U2 ARl Bliic ™ > st AR
BRER S 0IM FL ¥R > A B F RS E 218 £ 2 10mV/s 2 J5k
REZHBEE v R B E54cB 4-1-1~ Bl 4-1-2 F¢» ¥ - 29 5%

dele b3t B o v 4o BT 10000 o Bl © ho ] 4-1-3 ~ B 4-1-4 ¢

ERTEa: s m % b2t A RREPER ] cH P
B okpiRER AMPEA 4 ing F BREEAER 0IMPEA 4 ihi 7 &

R FIHBERZTETCEF i HE AL hE F RS o

L F RS FEAA A e B R T R R SRR

-~

i R AT A BT R B IR R Rk R 0

(]

2R A E o fL g 4T Ry Bl ] 10000 BIPF o 4R @ K ehdFR T

WD - AR R s WERRRE R PR [ B @ R Rl o T

F_‘k

OB ARG T S AR R K R R R R ERAR KR R ek

S

PRI EMETLER o
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before aging
— —= aging 3000#

FpeiE 5 500mV/s ~ Frpe-kiz R AN~ € 1 Bl s 3000 B

0.2

0.4

T
06

T
0.8 1.0 1.2

Potential /V vs. Ag/AgCl

14

0.02

0.01

0.00 H
g L

-0.01 A

before
— — aging 3000#
-0.02 ~
‘0-03 T T T T T T T T
-04 0.2 0.0 0.2 0.4 06 0.8 1.0 12 14
Potential /V vs. Ag/AgCl
Bl A4-1-2: 28 7 &i74Fm#E 5 500mV/s~ miph-kiz iz 0. IM~ - BlEci 3000
B2k 15
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/A

before
— — aging 10000

_0.10 T T T T T T T T
04 -0.2 0.0 0.2 04 0.6 0.8 1.0 1.2 14

Potential /v vs. Ag/AgCl

Bl 4-1-3: R T & FHpd F 500mV/s ~ arpe-kiz e AN~ £ i Bl#Ec s 10000 R

0.02

-0.01 A

/A

-0.02

befaore
— — after aging 3000#

'004 T T T T T T T T
04 -0.2 0.0 0.2 0.4 06 0.8 1.0 1.2 14

Potential /V vs. Ag/AgCl

Bl 4-1-4: 3R T & FHFpd 5 500mV/s ~ aepe-kiz e AN~ £ i Bl#c i 3000 B
‘1 y

%
& W

‘_.

SERUET

7
“~

—

)
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FA-1-1: 2 PREERTT M E R AT

&g ?;“%‘fié'ﬁ‘i it A e iR A
’ (m’/g) (%)
it | i
500mV/s ~ 4M ~ £ it Bl#Hc 3000# | 101.51| 59.45 58.57
500mV/s~0.1M~ % i Bl # 3000# | 23.78 | 23.24 97.69
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10000 B % ok o H 57 k% B 4o 4-1-5 B 4-1-6 - d BT (T 5
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£ 4-1-20 B AMORRRRET & E T Bldc2 1 AUEM G 2 A G B b

T EEEG f(mYg) RE AL FF A (%)
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X L 1000# s 111.12 77.89
£ L 2000# s 100.13 70.19
£ L 3000# 1 92.90 65.12
£ L 4000# s 90.97 63.76
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£ L 8000# s 87.66 61.45
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£ it 6000# 1S 21.58 62.16
£ it 7000# fs 20.31 58.53
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X it 10000# fs 16.47 47.46
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PR | mpkR Frfe ik F X i Bl .
frde > 3 (nm)
mv/secC CVycClES
M) (mV/sec) (cycles)
1 Fom kL 5.11
2 4 100 3,000 i 1 12.6
3 4 500 3,000 1 12.6
4 4 500 10,000 @ [13.42
5 0.1 500 3,000 i 6.42
6 4 100 10,000 i 21.4
7 0.1 500 20,000 * g g* | 9.73
8 0.1 500 10,000 i 6.09
9 4 500 10,000 7 g g |13.37
10 4 100 2,000 B [11.04

& 1000 B4 15 B o iv— = TR KR R
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BREFEE v RALFIFFAERMEEI N A F 0 3ok REA

ERRE TR

79



FRE-5.t1 ¢ —

Print Mag: 806000x 7.0 in 20 nm
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Potential / V vs. Pseudo-Hydrogen Electrode

Potential / V vs.Pseudo-Hydrogen Electrode
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