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Development of composite bipolar plates for PEM fuel cells
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2.1 Material test

Ba-uniz 2y Rewe ol4d E¥ARE agvelE ¥ gaz 90% FHHo] I epoxy A
ol ~10% 2 wrel AshA 2 guirt AZHER HelgdE: wx BFNE ALsA. BB Ae
compression moldingg 3 J¥IAn £& 7] ¥ 54 R LANFTE T3 K28 Y
o Pa@e AFssich '

deol d2e Rew As9 FE2AYS ¥Huy) A% BYE AU lem® 2712 Fe Fig. 13 2
o] 44 Aol AANY F FEAY WRE Z4sAch o) BPARY WEAYL e 243} was
71 Y13t 2 A4¥S a8tgolEd didld ey 5P 532 EG&G Potentiostat Galvanostat
E Jgdgon, AYL Fox AF uF AYFeE Ohmel WA o)&3te] AU

2% 2w ARe) JAY BHe Y FE 23L $o2A s sgon ASTM D790¢) A3
AAsgch. =@, 2gAe EW 25 S4S WY s d&F =23y (PCHM 575-4, Frist
Angstron co)& ol g3tgon, z AR¥E ZF5d 3 4L 534 24 F YIFRe AW
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2.2 Single cell test .

Eddes Azd Rewed oA H5HAE A8 F4 2 mm, 27] 110x110 mm®, 28z § 54
ZWHo] 25 cm® GARE Rawe Asdo. Eelwe ng dyy 2g 3 JANTE 89
#28 A¥stc T compression E9& F3d F2 ¢ 4#AE FAY AP wiez Ao
dadxdA EeEge 4%e 7y 98 AF-daAAYd JFAMEAE ARdd Ao, odg
A2 E A#AL DupontAle] Nafionll5 wHg Al&3lg 3w, A2 @4 g carbon paper (Toray)$]d
WFEulg sprayoz dAF L ¥ & o(anode=0.4mg/cm? cathode=0.7mg/cm?®) A|z3¥tt. MEA:=.
140Col A 90x% 3} hotpress &to] A #3F ).

olg} go] 3t AFE dHAA9 HEHNE A8, 2HALEL 80C, AYH L AYe 2 d;, wgr}
29 {FL stoichiometry2 $£49] ZF9 1.5 Atk AL 302 &9 t}l. Electronic loader (Deagil
electronics, EL 500P)& o] &3t cell A3 A{E FHFo2H A9 45 AR £ @9
Az We] Ohmic g ¢ MEA EZA3e &As7] o3 IM6 v(ZAHNER)%— A3t 1 mHz¥¥ 100
kHze] F a4 Y oA impedance& EASAT. oldf 7|EHF ol FHAF LR #4838 A& T,
ZFALGY AZL 5 mVE 9o AT dF DC Tl & AAE A FAHs A

3. 47 ‘,’! ng

Fig. 2& A3 7|4 JAF22 AEHE 2Tl BHARY FFAY 53 ZAiolnt. adgolasd
B2gA4 2% 0~50 Nem™? o At 4ol B2 g st o 29 o] gold4+ = i3 a
go] FolAE= AL FAY 4 o}k 9 200 Nem™? & 7NEoz2 H9L o ago|E7t o 29 mQ-cm?,
composite I o] 31 mQcm? 282 composite II7} 33 mQem? 02 Z o2 RHelx gstth. mwely 4
BEAR Y HLAS o HEAY g% JeFi e S Aoz gdHUG

A AR Y ANAA Lelgo] B e oy dHTG 200 N o)j4tel mgtort. meka] el 7144
ZAEe w$ F8F 8200} Fig. 3& agRolE ¥ EFAY SXZEE ST FIojtt. agFfolEd
g 23 ZEE vEF @ FE Rolx Uk 53 EPYeE ARG R F¥ F37F=7 200
kg/cm® Z composite Io] MMM E wed o= Bl T AT o]FoiXA] Fe Ho] & U
2, &% AAd=ojol & Holr}t. ey E dYPelAe 2 AP dhdAAdgE 83 HE s A=
2 gdsHe AXNE FA 48t

Axe A A FIFHE B 4A4HE 29 8% o)F € vES A8 o] v ¥ 54 FY
Uz w54e B 4 9ok Fig. 44 2 Ade 454& HA87] A 23 &G4 234 & Jehd
At 2 HoEE VAFERE JASy] A3 AN 2EAY FFo2 AEFZHZLS 100 2o 7] FE
F HFEPL 23 eSS U & Uk =F dx-nEA B{AA composite I} composite [[= ZF
90 & ojAtel HEZL FX 8l HAF 5L e Aoz AaHAY FEL AAZHEH AN BEY
quix] £ 2% 14 mN/m A== L e 2= Aoz AU

Azt @ Aax e -V Y5 F4E Fig. 54 Veluigich 2eino]lEE #u2 3o B A5E ¥
sttt OCV 2 A A dgaHe Adve olg Holx g4yth & AF U JFdAT 2 &
gl ofzhe] oS Holm Yxd 0.6VE 712oz QL @ aetsolEx 996 mA/cm®, composite I
& 948 mA/cm® 282 composite = 992 mA/cm® o2 Jehdth olgd 1 AF YT JAdxg 4%
Aste 2gEwe AY WPEoz BuPc. 53| composite 19 B$ 1 Alem® o)4e] G g
xol 717171 viHe A% At FEEAed ol EAAG A8 W2 dojve Aoz wadng. ¢
ol Fig. 48] 2@ UV E vy 2AZHE composite | of EH dUA7 23 2 AL &
A & 4 Aok mWEA Ho We A5 S Holb Aoz #U¥ + Atk Ay 3L adFoE 670
mW/cm?, composite e} 612 mW/cm?® 18 2 composite 117} 660 mW/cm?® o]t}
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Fig. 6& @91dx g £4 A3 L 7|F A302 da 4L 3L FYHAFoE 3o 0.85VaN 2
% Nyquist plot o]t} ojuf 7|2 AF oA LAY 5 Ye +4 At 93 overpotential e A g}, wl
Q9 9% x &3 w: Ho] Ea: ohmic AL HlEEY 2w adsjolEsl 8.8 mQcm® ojm
composite [I7} 7.14 mQ-cm® 182 composite Io] 7.42 mQ-cm® o ¢oz Zsiagct g A3 A
A el urg o] _3.7]% vlaste BY agtsto]lEZl 40.3 mQcm® o]Q 3, composite o] 38.1 mQ
cm® , composite I 38.2 mQ-cm® o|it}. WM As ALA P oF oj= uj$ Fon MEAS A%
Aoz A% 2xE FE Aoz AdHAYT.

FEue W74 Ade 98 371ede AN, Fig. 73 Fig. 82 composite I3} [19] 7] A
53 500 Alzt &4 Fo] HF doJEelrt. 500417 A Fo = A #HiAE A9 gdden 06 VE
71E22 %7 948 mA/cm2 ollem 50047t &4 Fol= 932 mA/em2 ok Hd 7 dME:
%719 500N 7 &4 & BT 612 mW/em2 o2 ggtth. composite A E AEd4E A9 o 9
gow, thgt 0.5 V olgte] FhA Hol7l B4sE RS B 4 Utk o 7 AFUE F90M9 A%
Aie BFAGAY F IIFHE 7hag o] AET o|FAA go} LAHE Aoz fF2Y T+ &
43 #dol Uk oY@ T4 BAFE EEHe ASAHY vE F VA HaFe £42 4oz B 5 9
e old tig FAAQA HAo] asA) 5L 06 VE 7oz 27 AFUYEE 992 mA/cm? o]z
500 Ak €A Folx 980 mA/em® o)tk A& AL 7)o 660 mW/em® o]z 500 A7t A F o=
650 mW/cm® o]Qitt. Altg AL A3tE composite 10] 0.877mA/hr ©20 3 composite 112 0.969 mA/hr
o] 3itt.
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i Add dsdAY 2PeR o|fHxe agtgolEe] dxdd Az d@rte A 8 gda-n
Z EZAE ALE3t9 compression mouldingg T3 FIAVE AFsd. A" Ry EA &R
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AGg ARoY oe FF FANEE 3 AXE &+ Ut
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4) 80T, 171¢ =N AFLEE 800 mA/em® o8 Tt BHAY F7] A
- AA s
5) A7) +4 A A0F He@dAE composite 19} 0.877mA/hr ©1Y 3 composite 11E
0.969 mA/hr °] o,
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Fig. 1. A schematic diagram of Fig. 2. Contact resistance of graphite,

the experimental apparatus used composite I, and composite I

nta i . .
for contact resistance measured at various compactlon
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measureme pressures.

mof P
100
e i . s
gm . ' o
2 ~ o} 2
= @ 2 . s 8
B 2 . ¢ g
£ § o g
a g 1°3
g.m o ;
8 “r {s %
W j00
L] -] L L L [
C 1 C n Graphite Composite | Conypositell

Fig. 3. Flexural strength for bipolar Fig. 4. Water contact angle and
plate materials. surface energy of graphite, composite

[, and composite II.
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Fig. 5. Initial performance of the

single cells assembled with graphite,

composite I, and composite II bipolar

plates; operating temperature = 80
°C; operating pressure = 1 atm; AHj
= 1.5 and AO; = 3.
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Fig. 7. Effects of 500 hr-operation on

performance of the single

assembled with composite [ (operating

temperature = 80 °C; operating pressure =
atm; AHz; = 1.5 and AO; = 3)
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Fig. 6. Initial Nyquist plots for the
single cells assembled with graphite,
composite I, and composite Il bipolar

plates; cell temperature = 80 °C;

cell voltage = 0.85 V.
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Fig. 8. Effects of 500 hr-operation
on performance of the single cells
(a)

(operating temperature =

assembled with composite I
80 °C; operating
pressure = 1 atm; AH, = 1.5 and AO:

= 3.



