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Abstract : Single fuel cell was fabricated with a MEA (membrane electrode assembly) that had a 4 cm® active area
and with silicon bipolar plates those were introduced to miniaturize the fuel cell by replacing heavy weight graphite
plates. Optimum humidification condition for the single cell was selected based on performance results obtained vary-
ing humidifier temperature at a fixed feed rate of hydrogen and oxygen. Furthermore, to study the effect of humid-
ification condition on the performance of a fuel cell stack, the fuel cell stack consisting of two MEAs and silicon

bipolar plates was studied, then problems and characteristics of silicon-based fuel cell stack were examined.

Keywords : PEMFC, Silicon bipolar plate, Humidification effect, Optimum condition, Fuel cell stack.
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AR AA (DMFC, direct methanol fuel cell)2} 1&=}
Asfld o A7 A (PEMFC, polymer eclectrolyte membrane
fuel cellelth. + A& HAE] AL B 95 ARX ¢ t=A 4
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Fig. 1. Assembly of the fuel cell stack consisting of two MEAs. (a)
Photo images and (b) a schematic diagram.
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Fig. 2. Compression pressure (expressed by torque) effect. (a) I/'V
curve and (b) I/P curve. Feed rates of pure H, and O, were 30 ccm
and the performance was analyzed at ambient condition.

compression pressureZ HIAIT|HAM A S EAsle] mykt)
compression pressure= 9% A& AZs] 9sle] AREEE=



106 J. Korean Electrochem. Soc., Vol. 10, No. 2, 2007

AL Zo]7] 9% torqued ®sAF o= 2EHT) AY
Z 15 oA Fen F22) T2 300 umoIYIL gasketS
BE 204 pme] HEE gasketS ARESIGTH H4F HU
compression pressureollA] 7}2=o] yEo] WAIER] ge AL
5Tt 30 com?] A0t AT o]B3le] AR, AqtellA]
2435 A% A= Fig 29 729437, OCV (open circuit voltage),
0.6 Voll 41 €] power density % maximum power density=
table 1] )3ttt Aol & + U=l 040 kg cm oA
0.60 kg; cm7}A] 7L Ad%5°] F7181 0.60 kgp emell A 7Y &
FS Holi 0.70kg ecmolAe ABo] A sk s
13kt ol 0.60kgr cmZHAl= compression pressure
Z7rell o3t AF Ao gAE Aol TR o &g
compression pressuredllAl= GDLe| f8ol] &84 2 a4
o] E953, EAlol GDL® pore7t B-¥ =] porosity7} 7Ha
&t} s At vehe Zlolzt Az 2 48S Fsle
AEE Bl 2 AgE A8 A9 compression pressure™
0.60 kgy cmZ E=Z3AIL o] g HYE A5 HAE AFs}
<l A8t

Ag|Fo g AZE @9 47 AR oA ke a3E
dotiny] sl 7igr1e) g HIY|WA o Aeg Pof
Bojtl B A7E 9)8ke] Nafion 112 membraneS: ARE3IH S
o, anode catalyst2% 0.375 mg/em? PRwWC Zvl|, cathode

Table 1. Compression Pressure Effect
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0.50 kggcm 0945V g : fjg :;Q//C‘;‘]z C: 525 mA/em’
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Table 2. Humidifier Temperature Effect

Humidifier T. ocV 0.6V Max. point

Reference C:315 mA/em? V:0423V 5
ithout humidification) 0817V b 189 MW C : 650 mA/em

(Wl out humidirication . m cm P . 275 mw/cmz
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: em P : 371 mW/em?
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) P : 384 mW/em?
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' cm P : 382 mW/cm?

. 2 V0422V
85°C 0.931 V 450 mA/em C : 875 mA/em?

. 2
P :270 mW/cm P : 369 mW/cm®
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Fig. 3. Performance of the silicon single fuel cell according to
humidifier temperature. (a) 1/V curve and (b) I/P curve. Feed rates
of pure H, and O, were 30 ccm and fuel cell temperature was 65°C.
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Fig. 4. (a) I/V curve and (b) I/P curve of the fuel cell stack without
humidification and (¢) I/V curve and (d) I/P curve of the fuel cell stack
with humidification. Feed rates of pure H, and O, were 60 ccm.
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Table 3. The Summary of the Performance of the Fuel Cell Stack Obtained Varying the Humidifier Temperature

OoCV 1.2 V(0.6 V for each single cell) Max. point
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(P : 222 mW/cm? for single cell) P:212W
2.0 - AHoz e S 2 A A A7 299 4Fol
1.8 i AY A2 45E wole MEAS] o3l 249-517) uhize] A
1.6 e A Aol WolAlE Zelth, £ 75 AFolA & 5 Axel 7}
S ey, &8¢ AAT S, 7S membraned] A3E Y gk ol
— 121 TR vy, g} 28 o]FE MEAY 7I5E AHE 5UsH s
£ 19 . 24 77t MEAL U AL 2w oo B 458
S ] M N Z/MAE AL L F ok
& 061 Slope wese =-114 7 * teenE skl LEst 2 e JHT B 7]
077 Slope srso =~ L0471 AeA olus ARE =4S 2B Fhst dhe) F
. o
8'0 Slope x 85t = - 1.04 FEE& 7zt 60 com, 2HQ] 2EE 65°C2 IAIUCH I
T0 100 200 300 400 500 600 700 71l 2EE 65°C, 75°C, 85°CE W7 8-S WY
. 3 = Fi e Zojx &
Current density (m2 cmz) j: :L‘_éﬁﬁ: Fig. 5¢} table‘_3:ﬂ ]’]'?LHME]'. :’_a}jﬂ]‘ ‘]}\E
@ T A A 7ol 28 e 7Y 2Tt SRS
600 gtElo] 715719 57 85°CY W Y L AT RS
— U 75°Ce) A2l Aolrt Qe AoE Hol 75°CE 71EeR A
§ 5001 °} 100% 7150l HNE Aelet 3 & Uk aYEE &
2 100] go) 75 glojE 2Ele] 27} 650y W H2e] 2AL
£ 7R719) &b 2Enrt 10°C BE Fe 75°CEa Az
2 3004 o9} 7ol Ad W ol 7] L5t Eold4E 2He]
% Aol oA AL Fig. 59 IV curve BAR=A B
< 2001 , 91520] 7igol] 218}l membranes) Aol 74817 HEI,
= 100 :
£ * ' 4.8 B

0 T T . . g
0 100 200 300 400 500 600 700
Current density (mA/cm’)
(b)
Fig. 5. (a) UV curve and (b) /P curve of the fuel cell stack obtained

varying the humidifier temperature. Feed rates of pure H, and O,
were 60 ccm and the temperature of the stack was maintained at 65°C.
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