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Abstract— Through a mathematical modeling of Raney nickel hydrogen electrodes for AFCs, the distributions of elec-
trolyte concentration, local overpotential and local current density in the catalyst layer, which are not experimentally
measurable, were investigated. Also, we have studied the effects of microporosity and exchange current density on the elec-
trode performance at the various thicknesses of catalyst layer. The results showed that the difference of the electrolyte con-
centration, the local overpotential and the local current density between electrolyte side and gas diffusion layer side in-
creased with increase in catalyst layer thickness and overpotential. The closer to the electrolyte side, the more rapid the
reaction rate in the catalyst layer was. When the thickness of the catalyst layer was thick, most of current generated in the
region close to the electrolyte side. When the thickness of the catalyst layer was less than about 0.1 mm, the microporosity
of the catalyst layer had little effects on the electrode performance. However, as the thickness increased, it increased elec-
trode performance. An increase in exchange current density reduced the active thickness, but, increased the electrode per-
formance regardless of the catalyst layer thickness.

Key words : Mathematical Modeling, Raney Nickel Hydrogen Electrode, Alkaline Fuel Cell, Porous Gas Diffusion Electrode,
Catalyst Layer
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Fig. 2. Schematic diagram of Raney nickel catalyst layer for math-
ematical modeling.
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Table 1. Structural characteristics of Aldrich Raney nickel catalyst

BET surface area 95.0 [m’g/-cat.]
Micropore volume 0.060 [cm’/g-cat.]
Average micropore diameter 253 [A]
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Table 2. Values of specific volumes and porosities of Raney nickel

catalyst layer
Specific volume Volume ratio
(v) [om’/mg-cat] Niwt) [%]
Micropore 06 x107* 120
Macropore 2.772x107* 554
PTFE 0.505x107* 10.1
Nickel 1.123x10°* 225
Total 50 x107* 100.0

Table 3. Values of parameters for simulation

Parameters Value[unit]

a 1.9x10° [cm®/cm’)
E; 0.0 vl
Cron 0.006 [mol/cm’]
n 1 [dimensionless]
Zon~ -1 [dimensionless]
Zy+ 1 [dimensionless]
R 8314 [¥/mol - °K]
T 353 [K}(=80 °C)
F 96500 [Cleq.]
Qg O 0.5 [dimensionless]
T 12 [dimensionless]
Epnic 0.12 [dimensionless]
Dgon 7.0x107° [cm?/sec]
i, 263x10°° [A/em’]
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Fig. 3. Polarization curves of Raney nickel hydrogen electrodes as a
function of catalyst loadings. Dots are experimental data and
lines are simulation results.

Electrolyte : 80 °C, 6 M KOH. IR drop eliminated by current in-
terruption method.
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Fig. 4. Reciprocal polarization resistances of Raney nickel hydrogen
electrodes as a function of catalyst loading.
Electrolyte : 80 °C, 6 M KOH.
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Fig. 5. Profiles of electrolyte concentration for various thickness of
the catalyst layer.

N=10mV. Electrolyte : 80 °C, 6 M KOH.
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Fig. 6. Profiles of local overpotential for various thickness of the cat-
alyst layer.

N=10mV. Electrolyte : 80 °C, 6 M KOH.
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Fig. 7. Profiles of local current density for various thickness of the
catalyst layer.

n=10mV. Electrolyte : 80 °C, 6 M KOH.
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Fig. 8. Concentration of electrolyte across the catalyst layer as a
function of overpotential.
d=0.286 mm. electrolyte : 80 °C, 6 M KOH.
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Fig. 9. Profiles of local overpotential across the catalyst layer as a
function of overpotential.
d=0.286 mm. electrolyte : 80 °C, 6 M KOH.
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Fig. 10. Profiles of local current density across the catalyst layer as
a function of overpotential.
d=0.286 mm. electrolyte : 80 °C, 6 M KOH.
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Fig. 11. Effect of microporosity on reciprocal polarization resistance
in Raney nickel hydrogen electrodes.
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Fig. 12. Effect of exchange current density on reciprocal polariza-
tion resistance in Raney nickel hydrogen electrodes.
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Ay : BET surface area of catalyst [cm’/mg-cat.]

a : specific reaction area of catalyst layer [cm®cm’]

b : catalyst loading [mg-cat./cm’]

C, :concentration of species i [mol/cm’]

C!  : equilibrium concentration of species i {mol/cm’]

D, :free stream diffusion coefficient of species i [em’/sec]

DY : effective diffusion coefficient of species i [cm’/sec]
d : thickness of catalyst layer [cm]
E  :electrode potential [V]
E, :equilibrium local potential [V]
E;  :equilibrium potential [V]
F  :Faraday's constant, 96500 [C/eq.]
i :current density [A/cm’]
i,  :exchange current density [A/cm’]
i : local current density [A/cm’]
M, :symbol for the chemical formula of species i
. :molar flux of species i [mol/cm’ - sec]
: number of electron transferred
: gas constant, 8.314 [J/mol - K]

B8 Z

R, :electrochemical reaction rate [mol/cm’ - sec]
s, :stoichiometric coefficient of species i

T  :temperature [K]

Vo - Specific volume of catalyst layer [cm’/mg-cat.]
Vae : specific volume of micropore [cm’/mg-cat.]
Vnee - Specific volume of macropore [cm’/mg-cat.]
vi - specific volume of nickel [cm’/mg-cat.]

Ve : specific volume of PTFE [cm’/mg-cat.]

x  :distance from electrolyte side [cm]

z,  :ionic valence of species i [dimensionless]
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10.
11.

12.
13.

14.

15.

: apparent anodic transfer coefficient [dimensionless]

: apparent cathodic transfer coefficient [dimensionless]
: overpotential [V]

: local overpotential [V]

: microporosity of catalyst layer [dimensionless]

: macroporosity of catalyst layer [dimensionless]

: tortuosity of micropore [dimensionless]
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