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Mass transport analysis of micro direct methanol fuel cell anode
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Abstract: A mathematical model for a micro direct methanol fuel cell (xDMFC) anode was presented. In
particular, the flow channels of the anode were simplified as regular porous media. The theoretical model of
anode regions including flow channels was established based on the theory of porous media. In addition to
the mass transport in the catalyst layer, the model considered methanol crossover caused by diffusion and
electro-osmosis. The distribution of liquid saturation and the effect of anode flow rate on current density
were investigated. The methanol concentration distribution in the anode was also calculated. Moreover,
the characteristics of mass transport in the anode were analyzed. It was found that the methanol
concentration decreased along the anode flow channels, and reduced evidently along the direction
perpendicular to flow channels with an increase in overpotential. Methanol concentration distribution in
the anode diffusion layer and catalyst layer showed similar variations. The methanol crossover flux
decreased along the direction parallel to flow channels. A higher current density led to a lower methanol

crossover flux.
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Table 1

Values of mathematic model of uDMFC anode and operation conditions

Parameters

Values

flow channel size, {XhXw/m

channel pitch, p/m

thickness of diffusion, catalyst layer and membrane, §*d, §*, ¢™/m
cell temperature, T/K

pressure, P/Pa

1

anode inlet flow rate, Qi,,./ml * min~

inlet methanol concentration, C,™/mol « L.}

reference concentration of methanol, C,™ /mol « L™!
irreducible saturation of gas phase, liquid phase, Sir.g» Sirs
Ergen constant, Cg

surface tension of methanol solution, ¢/ N+ m™!
density of methanol solution, p;/kg + m™*

dynamic viscosity of methanol solution, z;/N+ s+ m™
faraday constant, F/C « mol !

porosity of diffusion layer, catalyst layer, membrane, e, g, ¢m
anode transfer coefficient, a,

electro-osmotic drag coefficient of water, methanol, Ay s Am
diffusion coefficient of methanol in diffusion layer, Dy,#d/m? « 7!
diffusion coefficient of methanol in catalyst layer, Dy,*!/m? « s!
diffusion coefficient of methanol in membrane, Dj,™™/m? « s~ !

anode reaction order, ¥,

reference exchange current density times specific area at anode, al,™ /A « m 3 1

0. 01 0. 0005X0. 0005
0. 001

1.4X107%, 3.0X1075,1.8X10*
298

.013X10°
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0
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Fig. 2 Distribution of liquid saturation in anode channel
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distribution of methanol concentration
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