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PEM fuel cells must be designed to be operationally robust and to
withstand transient conditions without suffering degradation in
performance. Itiscritical that cell stacks maintain a catalyst layer
microstructure to maintain the catalytic and mass-transport
characteristics over the lifetime of the stack. Supported platinum
catalysts have enabled drastic reductionsin platinum loading by
increasing the specific activity of the platinum catalyst, essentially by
increasing the surface-to-volume ratio of the platinum catalyst. In order
for these suspended catalysts to work, however, electrical contact must
be maintained between the platinum and the conductive carbon support.
In this paper, we examine the mechanism of carbon corrosion and the
degree to which carbon corrosion can be induced on the cathode by
localized fuel starvation on the anode. This mechanism has been
disclosed in several UTC patents.*?

The mathematical model is a one-dimensional representation of parallel,
co-current, anode and cathode gas channels separated by a unitized
electrode assembly (UEA). Three reactions may occur at either
electrode:

H,=2H"+2e

4H" +4e” +0, =2H,0
and

C+2H,0 - CO, +4H" +4e”

The hydrogen and oxygen reactions may proceed in either the anodic or
the cathodic direction, but the carbon reaction is allowed to proceed in
the anodic direction only.

The average current is found be integrating the local current
along the length of the channel.
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Thelocal current, I, may be either positive or negative. In practice, this
equation isreplaced by a differential equation in the numerical solver.
One may specify either atotal current or simulate a short by requiring
that the product of cell potential and current be constant. The local
current density is found by summing the partial currents of the three
reactions locally at the anode:

= IHz,a + |02,a + IC,a'

The three partial currents are calculated from Butler-Volmer type
equations, as described below. Ohm'’s law relates the membrane phase
potentials on the anode and cathode sides to the local current density. A

charge balance may also be written:

Ih,.a +|02,a tlea +|H2,c +|Oz,c tlee = 0

This equation ensures that the current densities on the anode and the
cathode are the same everywhere along the length of the UEA.
Hydrogen oxidation and evolution, oxygen reduction and evolution, and
carbon oxidation may occur at either electrode, consistent with the local
concentrations and potentials. Thefinal equation smply states that the
solid-phase potential on the cathode is constant. This assumptionis
made because the current collector is highly conductive.

Butler-Volmer equations are used to describe the hydrogen
oxidation reaction and the oxygen reduction reactions; a Tafel
expression was used to describe the carbon corrosion reaction.

The proton concentration is assumed constant and therefore does not
enter the hydrogen reaction. Similarly, the oxygen reaction is assumed
to be independent of the partial pressure of water. The reference partial
pressures are 1 bar, and the U values are the standard potentials. The
factor of w=0.1 in the oxygen reaction was needed to fit the
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experimental data.

Figure 1 shows the potential profilein a cell with afuel-starved region;
the potential difference generated in the fuel-rich region effectively sets
the potential difference of the cell, because of the rapid kinetics of
hydrogen oxidation. Because the solid-phase potentials are held fixed in
the plane by the high conductivity of the current collectors, the
overpotential in the fuel-poor region shifts to dramatically higher
potentials, into the range where both oxygen evolution and carbon
corrosion can occur. Thisinteresting result demonstrates that carbon
corrosion and loss of catalyst activity can occur even if cells are not
driven negative. Provided that there is sufficient hydrogen delivery on
average, over the planform of acell, to meet current demand, the cell
potential will remain positive, but can still inflict permanent damage on
the cell.

This phenomenon demonstrates the need for uniform fuel distribution on
the anode, and, in particular to minimize the likelihood of water hang-up
in the anode flowfields and gas-diffusion layers. It has been
demonstrated by researchers at Penn State and at NIST® that water
droplets frequently form and can be held up in solid-plate flowfields that
depend upon convective flow to remove product water or condensate
from the flowfields. In UTC Fuel Cells' proprietary design, which
removes water directly through the plane by active pumping through a
porous bipolar plate, the flowfields and substrates can be kept free of
water and ensure more uniform distribution of fuel to all pointsin the
cell. Thisallows usto operate at higher fuel utilizations and overall
stack efficiencies without adversely affecting lifetime of the cell stack.

Figure 1. Potential distribution for fuel rich and fuel-starved regions.
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