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Abstract— An experimental low-temperature hydrogen-oxygen fuel cell was constructed and its performance was
tested for various electrode structures. Both electrodes for hydrogen and oxygen were made by the same method and
various double porous structures of the electrode were obtained by changing the contents of carbonyl nickel and am-
monium bicarbonate. Experimental results show that electrochemical reaction velocity depends not only on the
specific surface area where electrochemical reaction occurs but also on the ratio of large pores and small pores of the
electrode.
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Mixing ]
Carbonyl
Nickel + NH4HCO3, ultrasonically

blending
L Pressing I

(1) 1st layer (120 kggcm?)
Carbonyl Nickel + NH;HCO3

{2) 2nd layer (220 kgzfcm?),
Carbonyl Nickel

{ Sintering 1
850°C, 30 min
Ny atmosphere

LActivation & Teflon Bonding ]

HoPtClg-6H20, 10 mg/em? 200°C,
Ny atmosphere

PTFE 30J, 64 mg/cm? 250°C,

N2 atmosphere

L Reduction

1% Sodium borohydride solution
L 150°C, Ny atmosphere

Fig. 1. Process flow chart for the preparation of
electrodes.
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Fig. 2. Schematic flow diagram of hydrogen-
oxygen unit fuel cell experimental ap-

paratus.

1. Hydrogen 2. Oxygen

3. Valve 4. Gas flowmeter
5. Liquid flowmeter 6. Trap

7. Electrolyte(KOH) 8.
9. Temperature indicator

Microtubing pump

10. Manometer 11. Backpressure trap
12. Voltmeter 13. Amperemeter
14. Variable resistance
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Fig. 3. SEM photomicrograph of micropore layer
of carbonyl nickel electrode.
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Fig. 4. SEM photomicrograph of electrodes with ammonium bicarbonate content.

(a) 5 wt% ammonium bicarbonate
(c) 20 wt% ammonium bicarbonate
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Fig. 5. SEM photomicrograph of double porous
electrode cross section.
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Fig. 6. Pore size distribution of electrodes with
ammonium bicarbonate content.
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Table 1. Mercury porosimeter data of electrodes
with ammonium bicarbonate content

Ammonium bicarbonate (wt%)

5 10 20 40
Total porosity (v,) 0.534 0.608 0.625 0.764
Porosity of wide 0.096 0.146 045 0.649
pores (vy)
Porosity of narrow  0.438 0.462 0.175 0.115
pores (vy)
Specific surface 4.549 6.125 9.767 10.05
area (m2/g)
Average pore 2.39 2.87 1033 25.21

diameter (zm)
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Fig. 7. Plot of total porosity vs. current density at
0.1 V cell voltage. Experimental condi-
tions are 90°C temperature and 1 atm
pressure and 40 wt% KOH electrolyte.
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Fig. 8. Plot of specific surface vs. current density
at 0.1 V cell voltage. Experimental condi-
tions are 90°C temperature and 1 atm
pressure and 40 wt% KOH electrolyte.
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Fig. 9. Effect of ammonium bicarbonate content
on the electrolyte volume of the elec-
trodes.
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Fig. 10. Ratio of wide pore porosity and narrow
pore porosity vs. current density at 0.1V
cell voltage. Experimental conditions
are 90°C temperature and 1 atm pres-
sure and 40 wt% KOH electrolyte.
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NOMENCLATURE

d average pore diameter [xm]
I : current density [mA/em?]
V . voltage [mV]

v, : total porosity

: porosity of wide pore

: porosity of narrow pore
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