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FEEIEZ A8 5 (DOE)$H HPEMFC > i AiTa T iE 2 MERETE [ 14]

5;1?2:{?3;&“2@‘;2&::;‘ g/ KW (rated) 0.19" 0.125 | 0.125
E:taa'c:l?:;l i?:'gc:'up metal (pgm) | mg PGM Iac;:: electrode 0.15 amE | 615
;g;jit‘;,‘c‘"‘“a' S % mass activity loss 48° <40 | <40
ft':ﬁﬁ? e e % mass activity loss <10° <10 <10
Mass activity® A/mg Pt @ 900 MVigee 0.24" 044 | 044
Non-Pt catalyst activity per 60 (measured at 0.8 V)’

volume SI supported Alcem’® @ 800 MVirgree 165 (extrapolated from 300 300
catalyst® >0.85 V)°

#22  EREZAETRF(DOE)$HHPEMFC Y B T2 ST 2 2 MEBEFE1E[14]

Maximum oxygen cross-over” mA / cm? <1 2 2
Maximum hydrogen cross-over” mA / cm? <1.8 2 2
Area specific proton resistance at:

Maximum operating temperature and Ohm cm? 0.023 (40kPa) 0.02 0.02

water partial pressures from 40-80 kPa 0.012 (80kPa)

80°C and water partial pressures from Ohm c¢m? 0.017 (25kPa) 0.02 0.02

25-45 kPa 0.006 (44kPa)

30°C and water partial pressures up to Ohm cm? 0.02 (3.8 kPa) 0.03 0.03

4 kPa

-20°C Ohm cm? 0.1 0.2 0.2
Operating temperature °C <120 <120 <120
Minimum electrical resistance Ohm cm? = 1,000 1,000
Cost® $/m? - 20 20
Durability”

Mechanical G h >20,000 20,000 20,000

<10 scem
: crossover .
Chemical b >2,300 >500 >500
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0, ~ &SRB F & IR H,0, 18
#1120, 21] > ALERREL AR ¢

E’'=0.695V
(Eq. 1)
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vs. S.H.E
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ZKARRETR iSRS AR - ISR Z2IEH I
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3. ¥R (Bipolar plates)
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—H PERE104F3H

Yes ~ LA S - i e A EL ~ B ~ af
Z ~ BEEERATETRIE - KB T EERK
A AHHP PRI E IR EER I R =T - (R H
HEHMEeh SRR > 20— PR T AT
HZzBrikt o B MEF RS MAEE
KT B R EB A DLeh (re€lg - PP 1L etk
RIG ek fE <@ aE 3 {LMEA - {H A RENG
B R i 2 B bUE e T
B GR35 T SRR = B E BT AL M 2 (REE I e 2
S BARE A = B PEMFCHS i B SR >
—[26,27]

Wbt/ R EDEEE B R & e e
fax iR i s (R EIARE - B P 2 & o B i
OB - EECAYAMRE IR PDERE &K
SERAVECTT » TS TR R Bl 0 55
— BRI TAS > FEECHEE - IIBE - &R
RUEBLE TR R EAE - AFNELHE
s1b[26] -

Bl B T 2B % sRE SR
A T B i AR PR R [ FRHTRA = R A B 14
RIE TR AN E B A CRIE - k5 EKES

#3  EBHFAEFF(DOE)$H E PEMFC S5tk Aira T & > MEAEHE [ 14]

Cost’ $/kw 5-10 3 3
Std crg3l(sec

Plate H, permeation cm°Pa) 144 144

cosolficiantt @ 80°C, 3 atm N/A <1.3x10 <1.3x10

100% RH

Corrosion, anode® MA / cm? <1 <1 <1

Corrosion, cathode' MA / cm? <1 <1 <1

Eclaiﬁﬂggxlnty S/em >100 >100 >100

g;:l:ffgﬂc Ohm-cm? 0.03 0.02 0.01

Flexural strength" MPa >34 (carbon plate) >25 >25

Forming elongr:ntioni % 2040 40 40
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[ MEA i — ALk PRI e R b JE e i HH
IRAHE T7[28] © PyunZE A B2 258 iig 2 (carbon
black) A 145°CIY96 % FR IR IF - RIERFE
AL B R LY T DU B RS A
st o DU I EELLIMRE R (FT-IR) 73
W7 38 B B R YA (5] i s BER THI A HHIR B B RE A
TE¥H[29] 5 555N, GiordanofF A JKFA [E] i 5
M2/ 170°CHI8S %k lg - A1 VEERR
I - G ah AR B R AN EORE AR
HARPEE R N & [30] 5 BE4h > D.A.
Stevens® AT E TR BREEE T O
Bt HINEE R R AR EN R4 - HIt
[ ah R AT - AR ERAEHRN OS5
EE - CREARM  CHENRS - ASBERS
oS Gl AR B 2 S0 o (HASTRAM R A RIS E S
J& > ROREH125°CREE £ 195°Cl » iRk E
i) BURNE ISR ASlitTE - Balgs
LN R R RS AR [31] o

R IEPEMF CHT{i A0V TR B R [H]
TEE M EER I g A A B S  BeR R
R R A > PR A R AR S a5 T
HEHAR[E - HirEREPEMFC H A AT 5 H
BT AR &R e R LAPBI/BE G 48 By K
SR[32] o BUARTRST S SRR A T 85 % 15 i
(H,PO,) TV s R LR E R L T —E s
FEAlT o FIF B2 v E AR S R 200°C K s
TR N B EREEE - A
EEE T B EPEMFCHEEERES ~ 0K -

= WRDE

AHTFEE Je LB S T R (TG A fe VU
P R S 2 BGRARR TS - TERE BB E 1
RS RPEMFCZ IR TOK » #E FETT
®REER - AHBFTH 2B S RE SR
KA - B~ C ~ DUURE » HAEAMENFRART
I o

Folidt = n S MR A R HE S R PEMEF CHY 2
FERR T EO R EERE(LNIE &t T —

T4 VURE R AR SO Z AR R[S
1E]

HFA| kB | HAF C | #AfD

B[ (g/em’) 1.81 | 1.90 | 1.93 | 2.01
EEHEM:(W/mK) | 43 55 324 16
HEEME(S/em) 114 | >100|>100| 139

5[5 (MPa) 30 40 61 55.8

ENEHESEE - FoREERBE AT E
B AR B AT B A (A AR B TSR R
BERRHIEY - ez REsl > & PBI
BT ACHARR BT RRRIRA E o FEREAR A B RS A
— B A WS B A LR - DR E R 7 30 ik
F200°C » 77 8 1A EE (7 6 DLSR M BR (i i T VR T
JNEEE - ORI 2 1 E A AR Y B R AE
KA 1% 1] 156 Bl EE 7 % FE {E (corrosion current
density) - FEESHIEAASE R BIAE4FTR

P B e B AR ERIER Y ~ ZWifE - H
ARMEMFESHR - W& R K
RBIR  BUANE B T R 85 % i B VA IR A

3 np B

Bt 2Rk < SRR > Y ~ ZE T
SCHARA LA100°CHERZ FR/K IR 1S W, © BEE I
85% i AR > IR S AR AL 3
(iR AR 58 =B & B 2RI - & LI135°C
FRRMEME I FEEISTW, - 238 BN R %
HIRIA A L &R B Wi - B ER 8
(doping level) Z ST EIAMIEq. 2F7R -

Doping level =[(W, - W,)/W,] x 100% (Eq. 2)

PY ~ #EREAEY oM

1. ARERE
AEERLBESHTHESIHTA B~ C » DI
TR B 2 BB - FEBARRAAT
A SRTHAZES00°C - BZEATHHEE R T
BRI, B E R E RIS W
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Stamps

Gold plate

/.-——- Potentiostat |

Sample

E—H DPER@EI104F3S

Proton exchange
membrane

[E4 =R R (bR E B A E AT T T A ]

RS AR A R E T SRR B AR AR SRR

PR

JZ % (um) HEE(S/em) FRREN

HEAFY PBI copolymer

30 > 8 x 107 (180°C) >500°C

WA Z Pyridine polymer

50 8 x 107 > 400°C

J& Ry SWi%ZAEYRIR I (Tsy) » FH EARIRARIAIEL
TBEM > SITERAESFTR - KETER SR
M ABGIBERELY Fyd71°C ~ M B Z BVGRIERR
[ Ry456°C ~ MubA CEAD Z 2GR i Ul o3 il
524 ~ 542°C » I AT RIPUREAR A 1 A] 2K 52200°C
PlbEZ e > AR & RPEMEC Z #(F)R &l
& o

2. BIRM L BRTE R

A ~ B~ C ~ DEpi & &b 75 il &R
doping level 52007 & FAHARRY F > B A
H 1% DL2.5 MPafjlER -/ 2200°C » {5708 5
SRR E PR ETH MR B AR - SOsR HE
A B EENEFTR - KEER S
M A JGEREE R % Fy1.14 pA/em® > 1HFB
B51.7 nAlem’ » FiAFCHE0.97 pA/em® » FAD B
3.5 pAlem’® > FT{S 2 [ BhEE R 2 P (B S HH & B

HTDOEZEFIRE(] pA/em’) - {EHFF DAY
B E S L BURAISTATR L &AL
ERARE Bt R o i B T S Al AR AT S B
PEMFCERET [ 2 JEEHAF4E -

3. RNENIE DR 2 BELE R
B

FoiRa M bR e T > HIR(EIRIR
e EMEREECGELETYE  ARBRA
CHM #E1TE B - #Hdoping levelZy 55200 25
TAHARAY ~ #RFRE /200°C - RECCEHEIORY
BH EZINERTIAR/N > IR e d i E {H
SEN - BEIEA AR MPa ~ 2 MPa
2.5 MPa i HI1G.2 J65 aih BR 7T it 4 (B 401 i 7 iy
o AN FEIINEE TG 2 J6 e B o P (R RS
%6 - HESERIBRBEIIBIEA - JRehE
U A INAYE s - BUREETT Al RE 2%
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110 —¢—Bland A
~i—Bland B
=== Bland C
100 == Bland D
90
X
=
= 80
()
=
70
60
50

100 200 300

500 600 700 800

Temperature (" C)

&S PURERG B s SRR R N Z BB TS R AT Iesa ]

1.0
Bland A-2.5MPa ——
Bland B-2.5MPa ——
. Bland C-2.5MPa ——
Bland D-2.5MPa ——
05 -
)
)
2
0
05 L1l L1l 11 1 Laaa L Laa bkl
10° 108 107 10° 10° 104 10°
| (Amps/cm?)

&6 DU R Gt IR R EE USRS R A Feeg 2]

Bt A I e AR N 2 — - HEE R o] BE B R
TIHEI0 > EEER N &R AR IR R 7 B 1T R
[iTg

R & N IR S A R L R
WEHD - R ARG SE Y E T AR DA100°CHLEZ
UNRFRBRK PR TRE - P S B8 W, B SE AT
EREZIEEEW ML - ZHRER GBI Z
HEE(LTIE > SHEAMEq. 3 ¢

FELEE B 5% = [(W; - W,)/W,] x 100% (Eq. 3)

RTEIH R E BB LRI FeH » IR
BR IS H0RT > HEA Y B BB oy EE B e
Tt SRS E MO B B AV IR TR
Ry - BT SRR 2R B e s -
1A PP 2 R AT B B R HH 2 R A R
T - RS AT - L AT E N EIAY i e
BREMIREES - HIL AL TT A b
it ER A LB E AT - IR ) B R R A
BERA/ RSN L — -
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1.0
Bland C-1.0 MPa
Bland C-2.0 MPa
- Bland C-2.5 MPa
0.5 -
m
S
b
w
0
05 Lol L L1l 1110 [ R . 11
108 107 10 10° 10+ 103
| (Amps/cm?)
&7 H0R [EAEE ST AR ClE 2 fg e B i HIE R 4a SR A i gTdg 8

6 EELHIGUINEER T (E BUHER 2 I el i
[ BilfEAT B B B B AT 2 2]

RAFC | ##AC | FAFC
SHIESIIER 77 (MPa) 1.0 2.0 2.5

FEEhEE R (WA /em®) | 0.88 | 1.56 | 1.7
FEMEEE(ER(%) | 253 | 273 | 287

4. ERARIRM R BERE R
Emge
AL B B+ 490815 G PR R B T
SRHY T AR (LR E I M -

IEVE FACHARR I 32 B 1% AT R HH Y Bl i B B
FErTgE A TAHE > REERASRELLEME - i
PARIEE A AR e T B B
KRE D P13 HI AR [EE T BTk
MRS EEIEZRENEER - Bk
WS FACHARRY ~ ZIEfTIE G B =i
(BB E MG - B FAC iR 2 B
BRI A/ INEREERE o Ry R REEM 2
&= e EM 2 ahE R E » BEMY ~ Z0Y
doping level 5 [& & 554200 - JHIELEAR A H0EE S
K51 MPa o SptfréS RN ESFR o (EFEF5C#

i

1.0
Bland B-membrane Y-1 Mpa
Bland B-membrane Z-1 MPa
05
z
o
b
LLI p—
0
05 L1l L1l sl L 1 L FRTIT o
10° 108 107 10% 10° 104 103
| (Amps/cm?)

B8 HATBIEECAFE TASABAY ~ ZI 2 [ e s MG EE R AT se4a 2]
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FELY EARU M B JE3 Bl A 2 P 1 150,86 pA/em?” »
BRHVE T A Z Y e B A (B I B 1.77
pA/em’ o EREERBUREHAM R EIEE T »
FIAR R HYE T3 AR b B & 52 BT S Z J
EtlE -

TG ERHERHIREATY ~ ZEL100°CHtEZ 1/ )N
RFEPRKTRFPE - Wt REEESER - 15
FIBEMY 2 EEE(ER F24.9% ~ RMZZEHE
SER F27.6% > HIBL A HIBEA 280 Y Z R il
e - NBERASE BB bR - MR A Ry R
B AN > Y BPBI copolymer » Z
pyridine polymer > 73 F-45HHAN[E] > [NEERRE M
WARTER > eGSR A REfE SR
NNERHJERSE oA kel - DN LEAOM R
FY 6 B A e A B B > TS B R A T (e
& - BUE AT R T AN e R E T
Segly - BT SRV EERMRSIAS & -

e o B T S AR AR R H AT AT
%Rl > fETH S AR E T LR R A By
BHRENHE - BB A A S R 4H
s R = R MRS N AR - R0
TG 2 (FAVEE - ARG R ATEHE R
PR < R e R S A ZE

GBS E e E IR E  HIZ BRI A
INER R EREREN . —  RIIEZELE
B AR SR e - TERT AT 2 SR
FE -~ BRORE BN D (EIEE - EREREI A
SHEE LTRSS R -

wm

R SR ERE TR T 104 - SRR G
RE B PA R B 1l BH 8% 51 8 (Development of
High Efficiency Hydrogen Energy and Fuel Cell
Technology) ; FRFZE&E#E: 12 S8 -

&%

Z XK
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Development of High-temperature PEMFC and Test
Methods for Evaluating the Chemical Stability of
Bipolar Plates at High Temperature

Ching-Ying Huang'" Cheng-Hong Liu> Wen-Lin Wang’

ABSTRACT

Proton electrolyte membrane fuel cell (PEMFC) is thought to be one of the most promising candidate
of new energy. It has the advantages of clean, high power density, short start-up time and operating in
low temperature. Current PEMFC which is operating at low temperature (< 80°C), suffers from several
problems like CO tolerance, heat and water managements. These problems can be solved by increasing the
operating temperature to 120-200°C, which is called high-temperature PEMFC(HT-PEMFC). However, the
cell components meet much more challenges at higher temperature. This paper overviews the advantages
and disadvantages of HT-PEMFC and the challenges of component materials, and provides a test method
for evaluating the chemical stability of bipolar plates at high temperature.

Keywords: High-temperature PEMFC, Bipolar plates, Chemical stability
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