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Abstract—The effect of mass transfer on the hydrogen oxidation reaction at molten carbonate fuel cell
(MCFC) anode were studied. The effects of reactant diffusion and of products diffusion on the rate of the
anode raction were studied with steady-state polarization experiment. The exchange current densities of
Ni-anode, Ni-Al anode were obtained by a transient method and diffusivities of hydrogen through these
anodes were measured by galvanostatic method in MCFC anode half cell. The effect of products diffusion
on the rate of anode reaction was same that of reactant diffusion. It was found that the diffusivities of hydrogen
and the exchange current densities of the anodes were decreased by adding aluminum into the nickel anode.

It was seemed that decrease of exchange current densitiy resulted from decrease of hydrogen diffusivity
through the anode.
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Fig. 1. Schematic diagram of anode half-cell system.
1. Temperature controller 8. Working electrode

2. Gas mixer 9. Bubbler

3. Potentiostat/ 10. Gas outlet
Galvanostat 11. Reference

4. Computer electrode

5. Recorder/Oscilloscope 12. Bubble counter

6. Thermocouple 13. Humidifier

7. Counter electrode

o 4749) MEE DAAA 2Y¥9e LxE dHaH
FAA AL 650+ 1T) L& AU} FAol 913
3 ARN(K type) 7} A eE27|2 2SIt

2-2. =™ (working electrode)

2 AYelA A7 AFAA-LE E3Nig A5 (Ma-
terial Research Co., 99.99% pure), Ni-Al 347} 31§58
(intermetalic compound)#} Ni-Al3HE(Ni-Al alloy) &
F Solsdck Ni-Al 43t 33843 4N A5
E o]l pack cementationy} © 8 AL £2A|# Niy-
Als} 7he F47} 31§HEo] A=A 3 A o)cl8]. Pack
cementation Al 25.0 wt%, NH,Cl 50% 28|12 &%
u]1}q) AH(particle size : 6-9 u) 7} ¥ packatol] &4
Nighg Po] 650CA A Al25wt%) & Z2AZch A4
A 8L 8 8 FEF9ch 183 Ni-Al §F
A=A 2= Nigdzkeh Al AH4.75 wt%) & £33t &
% 2 (Ace Vacuum Arc Melting Furnace, AVAR 3030-
6)oll ¥R 5X107°torr A, 3000C 2xolA &5F
Azl S 43] EFo 2 Ale] FUSHA &
At 28 st 4 A5 4FRukqiAH0.1 um) £}
tjolelBE Ho|~2ER HE oulste AHgAte] e}

HWAHAK KONGHAK Vol. 33, No. 6, December, 1995



782 g - A

= lead wire
alumina
I— electrode
- electrolyte
(@ (b
Fig. 2. Types of working electrodes used in this experi-

ment.
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Fig. 3. Steady-state polarization curves of pure nickel
anode at 650°C with gas condition.
a) H, gas flowing to working electrode(w.e.) and
CO,/H,0O gas flowing through bubbler
b) H; gas flowing to w.e. and Ar gas flowing
through bubbler
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Fig. 4. Steady-state polarization curves of pure nickel
anode at 650°C with gas condition.
a) Hy/COy/H;0 gas flowing through bubbler and
H, flowing to w.e.
b) Ha/COy/H:0 gas flowing through bubbler and
no flowing H; to we.
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Fig. 5. Effect of gas diffusivities on porous anode perfor-
mance simulated by agglomerate model.
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Fig. 6. Variation of current with time at a nickel anode.
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Fig. 7. Activation polarization curves from i(0) values ex-
trapolated on t'? space at various anode.
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Table 1. Transfer coefficients, exchange current densities
and H; diffusivities for various anodes

Anode ac L(mA/cm?)  D(cm?/sec)

Pure Ni 1.26 40 45X107°

Ni-Al interme- 1.19 24 26X107°
tallic(Al 2.5 wt%)

Ni-Al alloy 1.22 13 1.1x10°°

(Al 4.75 wt%)
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Fig. 9. Variation of H, concentration with time at constant
current.
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Fig. 10. Potential variation of pure nickel anode with time
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