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A model for DM FC cathode impedance: The effect of
virtual anode inside the cathode
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One of the largest problems in DMFC technology is fuel
crossover. Methanol readily permeates throingh t
membrane to the cathode, where it is oxidized. The effect
of crossover on the DMF€athodeémpedance spectra is
not fully understood.

We report a model for the DMFC cathode
catalyst layer (CCL) impedance. The model is based on
charge and mass balanceiations:
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overpotentials, respectivel are therespective

equilibrium potentials R, ,, R, are theORR and

MOR reaction ratesc,, and ¢, are the oxygen and
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are oxygen and

methanol diffusion coefficients;, is the double layer

volumetric capacitanceg, is the proton current densjty:

is the distance from the membrane
The ORR rate was calculated using the Butler
Volmer equation, while fothe MOR ratewe used[1,2]
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which takes into account finite rate of methanol adsorp
tion on the catalysurface andere—orderdependence

on themethanol concentratiar), at low overpotentials

(6)
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Here a is a model parametgy , is the MOR exchange

current densityEqs.(1}(6) were non-dimensionalized,
linearized converted to a frequency domaindsolved
numerically using MapI® software for details seed]).

Fig.1 shows th€CL impedance spectra corres
ponding to the methanol concentratiaidM, 1.25M and
1.5M on the anode sid&herespective steadistate
shapes othe ORR and MORatethrough the CCL
thicknessandof the proton current density are shown in
Fig.2.

With 1M methanol feed, the rates of MOR and
ORR are nearly “parallel”, and the proton curréetays
monotonically tovard the GDL(Fig.2a) The respective
impedance spectrum does not show any features in the
high—frequency domain (Fig.1a)Vith 1.25M feed, close
to the membrane, the rate of MOR exceeds the rate of
ORR and the proton current first increases and then
decreaes alongr (Fig.2b). Thispeak manifests
formation of a virtual anod@/A) near the membrana,

domain wherghe MOR rate exceedthe ORRrate
However, asy, , is large, the rate of MOR in théA is

indepenlent of potentia(see Eq.(6)andthe VA simply
increases the length of the straigbf high—frequency
line, which determines the CCL ionic resistivity (Fig).1
With 1.5M feed, theVA is fully developed:
Close to the membrane, the rate of ORR vaniahds
only MOR runs in this domain (Figc). At 1.5M feed,

n,,, dropsandthe rate of MOR becomekependenon

potential,Eq.(6) This dependencghows upas the
spectrurmovershooin the high—frequency domain
(Fig.1c)

With the Butler-Volmer conversion function,
therate of MOR always depends ay), and thevirtual

anode manifests itself as a second hiditequency arc in
the CCL spectrum [3]. Eq.(6) is a more realistic approxi
mation forthe MOR rate and hence an experimenthe
overshoosimilarto those in Fig.a¢ could be expected.
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Figure 1. CalculatedCCL impedance spectra for the

indicated molar concentrations of methanol feed.
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Figure 2.The shapes of MOR and ORR afdhe prdon
current density through the CCL thickness for the same as
in Fig.1 methanoinolarconcentrationsn the anode side
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