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Abstract—Individual cells having 50 cm? active area were fabricated using E-TEK electrode(20% Pt/C, 0.4 mg Pt/cm?)
and Nafion # 115 membrane. PEFC stacks having three and five cells were assembled without cooling plate and
its performance was investigated. Graphite bipolar plates of series-parallel gas flow channel exhibited better stack
performance compared to that obtained for Z-pattern plates. Various sealing methods and materials have been tested
to prevent gas leakage and to enable pressurization. The use of O-rings instead of gaskets in the bipolar plates was
proposed as the appropriate sealing method. 5-Cell stack of active area of 50 cm® showed the performance of 0.7 V
and 350 mA/cm?® at the operating temperature and pressure of 70C and 3 bar respectively. This stack didn't show
any appreciable performance degradation even after more than 1000 hours of operation.

Key words: PEFC(Polymer Electrolyte Fuel Cell), Series-parallel Gas Flow Channel, Gasketless Sealing, Multi-cell
Stack, Graphite Bipolar Plate
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Fig. 1. Effect of flow path on the performance of unit cell using E-
Tek electrode and Nafion # 115 membrane(T.s= 60°C, Py =1
bar).
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Fig. 2. PEFC stack assembly with O-ring instead of gasket in bipolar

plate.
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Fig. 3. Effect of temperature on the performance of tri-cell stack using
E-Tek electrode and Nafion # 115 membrane(Ps,«=1 bar).

35

30 4

2.5

2.0

1.5 H

Potential (V)

1.0 A

0.5

0.0 T T 1 T T T
0 100 200 300 400 500 600 700

Current density (mA/cm?)

Fig. 4. Effect of pressure on the performance of tri-cell stack using
E-Tek electrode and Nafion # 115 membrane(Tg,«=70°C).
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Fig. 5. Plots of potential vs. current density for tri-cell stack and indi-
vidual cell using E-Tek electrode and Nafion # 115 membrane
(70°C, 1 bar of Hy/O,).
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Fig. 6. Effect of temperature on the performance of 5-cell stack using
E-Tek electrode and Nafion # 115 membrane(Pg.«=1 bar).
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Fig. 7. Effect of pressure on the performance of 5-cell stack using

E-Tek electrode and Nafion # 115 membrane(Ts, = 70°C).
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Fig. 8. Plots of potential vs. current density for 5-cell stack and its
individual cell using E-Tek electrode and Nafion # 115 mem-
brane(70°C, 1 bar of H,/O;).
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Fig. 9. Plots of currnt density and current distribution vs. potential
for S-cell stack using E-Tek electrode and Nafion # 115 mem-
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Fig. 10. Plots of power vs. current density for 5-cell stack using E-
Tek electrode and Nafion # 115 membrane(T,=70°C).
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Table 1. Performance data of multi-cell using E-Tek electrode(0.4 mg Pt/cm? area 50 cm?) and Nafion 3 115 membrane

Cell Current Voltage
temperature(C) Reactants Pressure Cell stack current density voltagjcell Max. power
70C H,/0. 1 atm 3-cell stack 125 A 21V 7T W
250 mA/cm? 0.7 V/ecell
3 atm 15 A 21V 41 W
300 mA/cm? 0.7 V/cell
1 atm 5-cell stack 125 A 35V 0 W
250 mA/cm?® 0.7 V/cell
3 atm 175 A 35V 92w
350 mA/cm? 0.7 V/cell
R I fom?oln), AHEsHE 2del Hb-AFE 35VAA 175 Aelch
) .. e . . (2) Gas manifold®] =8lel ] 7}28) F22 <t 7hHEo)
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Fig. 11. Performance data of 5-cell stack using E-Tek electrode and
Nafion # 115 membrane(Ts,«=70°C, Pg.x=1 bar).
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1ol Hejstodch uk-g AA 50 cm’l 9] 234 J-cell 2842 3
718l A 3.5 Vel A A F-L =7} 300 mA/cm?, 5-cell 2~=)2] 2-$ 35
Vel 4 350 mA/cm?e]™, Hd|&3-& 92WER sich

g % 7her47) & 80T, AR 9} 2% 70T,
i kg §7) ex 75%1 o, 3-cell?] A5 17]skell4 07
Veoll 4 250 mA/cm?o] =, 433k 28 o) k- A Fiz 2.1 Vol 41 125
Aelu, 3-cell®] 7% 37|3tell A 0.7 Vil A 300 mA/cm®o]™, 4§
she 9o AghAdfs 21VelA 1540} 5-Celle] A% 17
§ell 4 0.7 Vel 4 250 mA/cmPos, Fg-she 8o Agh-Ase
35 Vel 4 125 Ao|=, 5-celle] 7% 37]3keli4] 0.7 Vo4 350 mA

B AFE @A, ()HE 29T BAAARA A
A5t RANUA 71% Agatsiule) MUo2 a9 Avjols
ol ZAHE =@uch,
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