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Abstract

Parameters that influence the performance of a direct methanol fuel cell (DMFC)
could vary distinctly in nature, including the methanol concentration, the transport of
methanol in the diffusion layer of the anode, the effective area of catalyst in the anode,
the thickness of the diffusion layer and the catalyst layer, the specific impedance of
the catalyst layer, the impedance of the membrane, the rate of methanol crossover.
The design of the flow channels may also affect concentrations of species at the
catalyst, change the activation overpotentials and eventually impact the cell
performance. It is virtually impossible to investigate the degree of impact of each
parameter on the efficiency of a DMFC by manual experiment one by one. In order to
help understand the operation of a DMFC stack and locate the key parameters on cell
performance, it is essential to develop a theoretical model.

Theoretical models for polymer electrolyte membrane fuel cells using hydrogen as
fuel have been repeatedly reported in the literature for the past 20 years. However,
there have been only a few for the DMFCs, and these models are not developed well
enough to apply to the performance evaluation of real cells. Therefore, developing a
theoretical model that incorporates additional features, such as flow channel dynamics
and methanol permeation evaluations, becomes a major goal of this study. With hence
increased reliability and accuracy, we expect substantial help on locating the key
parameters in promoting the cell efficiency and on practical development and
fabrication of a high-efficiency DMFC stack.
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Parameter Value Reference
Detizon h20 (cm?/s) 1.93x10° [11]
Deriaom ar (CM7/S) 1.569x10 [12]

Detison, pem (cm?/s) 49x10° [13]

Doy (cM?/s) 1.02x10* [11]

f. (cm?/s) 10.67 measurement
f. (cms) 1200 measurement
j(;,e(f:HsoH (Alcmz) 4.4x1073 calibration
12 o (Cm) 0.06 measurement
Jooo (Alcm?) 45%x10° calibration
157 (cm) 0.06 measurement
L« (cm) 0.06 measurement
. (cm) 0.03 measurement
l.. (cm) 0.001 measurement
I, (cm) 0.015 measurement
l.. (cm) 0.001 measurement
l.g (cm) 0.03 measurement

l; (cm) 0.06 measurement
0 a,cH30H 4.44x107 calibration
O ch3oH 4.44 %107 assumption
0402 6.69x107* assumption
000 6.69x1072 [14]
¥enaom 0.23 calibration
Yrson 0.23 assumption
Yoo 1 [14]

K;° (S/em) 8.13x10° [15]

K, (Slcm) 8.13x10° assumption
Ky (Slcm) 1.416x107" [13]

Ky (S/cm) 8.3x107 [16]

& 7.06x10™ [2]
£ 6x107" [2]

& 6x10™" assumption
£ 8x107? [2]

Ao 2.36 [17]

15



A 1,=006cm I, =006cm CI3, =1IM P =1atm

Do =0.22cm? /s

Al A j. =0.05A/cm’
A2 A j. =0.10A/cm?
A3 A j. =0.15A/cm?
B A 1, =0.03cm
B2 B j.s =0.10A/cm®
C A 1, =0.12cm
Cc2 C oy =0.10A/cm’
D A 1, =0.03cm
D2 D j. =0.10A/cm?
E A 1, =0.12cm
E2 E  j.s =0.10A/cm?
A P = 2atm
A P =3atm
H A Dg, . =0.11cm? /s

I A Dg, . =0.055cm? /s
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