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STABILIZED FUEL CELL FLOW FIELD

1. Field of the Invention

jooo1] This invention generally relates to fuel cells and, more particularly, to

flow fields for fuel cells.

2. Description of the Related Art

00021 Fuel cells are widely known and used for generating electricity in a
variety of applications. A typical fuel cell utilizes reactant gases, such as hydrogen
and oxygen (e.g., from air), to generate an electrical current. Typically, the fuel cell
includes adjacent flow fields having flow channels that receive respective reactant
gases. Each flow field distributes the reactant gas through a gas distribution layer to a
respective anode catalyst or cathode catalyst adjacent to an ion-conducting polymer
exchange membrane (PEM) to generate the electrical current. Typically, a network of
carbon particles supports each of the cathode and anode catalysts and forms part of an
external circuit for the electrical current.

0oo3] A typical fuel cell generates electricity from an electrochemical
reaction in which an oxidant, typically oxygen from air, and a fuel, typically
hydrogen, combine to form a by-product, which is water. Oxygen continuously passes
over the cathode catalyst and hydrogen passes over the anode catalyst. The anode
catalyst separates hydrogen protons from electrons. The protons pass through the
PEM, while the electrons flow through the external electrical circuit. The protons
recombine with the electrons and react with oxygen at the cathode catalyst to form the
water by-product.

o04) Under some conditions, such as low hydrogen partial pressure in a
localized area of the anode catalyst, there is insufficient hydrogen to sustain the
electrochemical reaction in that area. This may result in localized current reversal
from the above-described normal fuel cell operating mode and lead to reaction
conditions that degrade the cathode catalyst, carbon support or both. For example,
water at the positive electrode electrolyzes to form oxygen, hydrogen, and free

electrons. The hydrogen protons pass through the PEM and the electrons released in
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the fuel-rich regions of the negative electrode flow to the fuel-starved region of the
negative electrode. The absence of a proton and electron source at low potentials in
the fuel-starved region increases the electrical potential at the cathode catalyst, which
causes degradative reactions between water and the carbon support to form carbon
dioxide. Degradation ultimately leads to loss of catalytic and electrical performance
and, in turn, lower fuel cell efficiency.

ooos] This invention addresses the need for reducing or eliminating fuel cell

catalyst degradation to maintain stable fuel cell operation.

SUMMARY OF THE INVENTION

ooos) One example device for use in a fuel cell includes a cathode catalyst

for receiving a first reactant and an anode catalyst for receiving an expected amount
of a second reactant. The cathode catalyst and the anode catalyst respectively catalyze
the first reactant and the second reactant to produce an electrochemical reaction that
generates a flow of electrons between the anode catalyst and the cathode catalyst.
Because the kinetics of hydrogen oxidation are very facile, the rate of the fuel cell
reactions are generally constrained by the rates of the first reactant to the cathode
catalyst and of ohmic conduction through the conductive layers of the fuel cell. The
amount of the first reactant consumed in the electrochemical reaction corresponds to a
threshold amount of the second reactant needed to generate a forward flow of the
electrons from the anode catalyst to the cathode catalyst. A portion of a fuel cell flow
field includes a feature that restricts consumption of the first reactant to maintain the
threshold amount below the expected amount of the second reactant.

[0007] One example method includes restricting consumption of a first
reactant at a cathode catalyst of a fuel cell to reduce a threshold amount of a second
reactant needed at an anode catalyst to generate a forward flow of the electrons from
the anode catalyst to the cathode catalyst.

ooos] The above examples are not intended to be limiting. Additional
examples are described below. The various features and advantages of this invention
will become apparent to those skilled in the art from the following detailed
description. The drawings that accompany the detailed description can be briefly

described as follows.
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BRIEF DESCRIPTION OF THE DRAWINGS

ooo9] Figure 1 schematically illustrates selected portions of a fuel cell stack.

[ooot0] Figure 2 is a cross-sectional view taken along the lines shown in Figure
1 that illustrates an embodiment having a feature that restricts the amount of reactant
gas consumed.

ooo11] Figure 3 is a cross-sectional view like that in Figure 1 showing another
example embodiment.

[ooo12] Figure 4 is a cross-sectional view that illustrates an embodiment of a
gas distribution layer having a filler material.

ro0013] Figure 5 is a cross-sectional view that illustrates an embodiment of a
catalyst having a reduced amount of catalytic material

ooo14] Figure 6 is a cross-sectional view that illustrates an embodiment
having channels of varying width.

tooo15) Figure 7A is a cross-sectional view that illustrates an embodiment
having interdigitated channels and parallel channels.

[ooot6] Figure 7B is a cross-sectional view along the section line shown in
Figure 6A that illustrates the channel depth of the parallel channels.

ooo17] Figure 7C is a cross-sectional view along the section line shown in
Figure 6A that illustrates the channel depth of the interdigitated channels.

(ooo1s] Figure 8 is a cross-sectional view that illustrates an embodiment

having a cooling passage.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

rooo19) Figure 1 schematically illustrates selected portions of an example fuel
cell 10 for generating electricity. In this example, a cathode side 12 receives a
reactant gas R; and an anode side 14 receives a reactant gas R» to generate an electric
current using a known reaction. Each of the cathode side 12 and the anode side 14
includes a flow field plate 16, such as a molded plate, porous plate, or other type of
plate, having channel walls 17 and channels 18 that extend between the channel walls
17 for distributing the reactant gasses R; and R, over the respective cathode side 12

and anode side 14.
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100020 In the illustrated example, a gas exchange layer 20 is located adjacent
each of the flow field plates 16. A polymer exchange membrane (PEM) 22 spaces a
cathode catalyst 24 from an anode catalyst 26 between the gas exchange layers 20. In
some examples, the cathode catalyst 24 and the anode catalyst 26 each include a
catalytic material deposited on a support, such as a carbon cloth.

(0021] Figure 2 shows the anode side 14 flow field plate 16 according to the
section lines shown in Figure 1 to demonstrate one feature of the operation of the fuel
cell 10. The reactant gas R, is fed into the channels 18 through an entrance 38 and
flows through the channels 18 toward an exit 40. The reactant gas R, in the channels
18 at least partially diffuses through the gas exchange layer 20 (Figure 1) toward the
anode catalyst 26. Likewise, the reactant gas R; flows through channels 18 on the
cathode side 12 and diffuses toward the cathode catalyst 24. The cathode catalyst 24
and anode catalyst 26 catalyze the respective reactant gases R; and R; to produce an
electrochemical reaction that results in generation of an electrical current (i.e., flow of
electrons) between the cathode catalyst 24 and the anode catalyst 26.

{00022] Generally, the partial pressure (or alternatively the concentration for
example) of the reactant gases Ry and R, decreases along the channels 18 from the
entrance 38 to the exit 40 as the cathode catalyst 24 and the anode catalyst 26
respectively consume the reactant gases R; and R; in the electrochemical reaction.
The partial pressures, concentrations, or other indication of the amounts of the
reactant gases R; and R» along the channels 18 can be estimated in a known manner.

[00023] In some portions of the fuel cell 10, such as near the entrance 38, the
partial pressures are relatively high and produce an electrochemical reaction that
results in a desired forward flow of electrons from the anode catalyst 26 to the
cathode catalyst 24. The amount of the reactant gas Ry consumed by the cathode
catalyst 24 corresponds to a threshold amount of the reactant gas R; needed at the
anode catalyst 26 to generate the forward flow of electrons. In other portions of the
fuel cell 10, such as near the exit 40 or near localized maldistributions of reactant
gases, the partial pressure of at least the reactant gas R is relatively lower. If the
partial pressure of the reactant gas R; is below the threshold (e.g., fuel starvation), the
electrochemical reaction produces an undesired reverse flow of electrons from the

cathode catalyst 24 to the anode catalyst 26.
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[00024] In the illustrated example, the portion 42 of the fuel cell 10 receives an
expected partial pressure or concentration of the reactant gas R, that is generally
lower than the partial pressure near the entrance 38. In this example, the portion 42
includes a feature that restricts the amount of reactant gas R, consumed at the cathode
catalyst 24 in the electrochemical reaction to maintain the threshold amount of
reactant gas R, below the expected partial pressure of the reactant gas R,. This
provides the benefit of maintaining the desired forward flow of electrons from the
anode catalyst 26 to the cathode catalyst 24.

ooo2s) Figure 3 illustrates one example feature for controlling the
consumption of reactant gas R;. In this example, the cathode side 12 includes a barrier
layer 54 between the PEM 22 and the cathode catalyst 24. In one example, the barrier
layer 54 comprises a carbon ionomer material.

[00026] The barrier layer 54 inhibits mass transport of catalyzed reactant gas
R, from the cathode catalyst 24 to the PEM 22 (i.e., oxygen cross-over through the
PEM 22 is restricted). This reduces the amount of catalyzed reactant gas R; available
in the electrochemical reaction and, in turn, reduces the threshold amount of the
reactant gas R, needed to generate the forward flow of electrons. This provides the
benefit of keeping the threshold below the expected partial pressure of the reactant
gas R, in the portion 42 to avoid undesired reverse electron flow, which decreases the
likelihood of catalyst and carbon support degradation.

(0o027] Figure 4 illustrates another feature for controlling the consumption of
reactant gas R;. In this example, the gas exchange layer 20 on the cathode side 121s a
porous cloth layer 56, such as a carbon non-woven fabric, having fibers 58. Pores
between the fibers 58 provide passages 59 between the fibers 58 that allow reactant
gas R; to diffuse from the channels 18 to the cathode catalyst 24. A filler 60 at least
partially blocks diffusion of reactant gas R; through the pores. In the illustrated
example, the filler 60 inhibits diffusion by forcing the reactant gas R; to diffuse along
a longer path around the filler 60.

00028] In one example, the filler 60 includes a relatively inert material that is
suitable for restricting reactant gas R; flow. In another example, the filler 60 includes

an oxide material, such as tin oxide or other metal oxide. In another example, the filler
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60 includes a polymer material, such as polytetrafluoroethylene. In another example,
the filler 60 includes a carbon graphite material.

[00029] In one example, the filler 60 is deposited onto the cloth layer 56 in a
known manner, such as a cloud tower or screen printing process.

[oooso] In another example, the cloth layer 56 covers the portion 42 and at
least one other portion of the fuel cell 10. The other portion is masked before
deposition of the filler 60 to selectively deposit the filler 60 only on the portion 42 of
the cloth layer 56.

j00031] In another example shown in Figure 5, the cathode catalyst 24 includes
a reduced amount of catalytic material, such as platinum, in catalyst portion 61
compared to other portions 62 of the cathode catalyst 24 in the fuel cell 10. This
reduces the amount of catalyzed reactant gas R; available in the electrochemical
reaction and, in turn, reduces the threshold amount of the reactant gas R needed to
generate the forward flow of electrons as described above.

00032] In one example, the catalytic material is deposited onto a carbon
support in a known manner. The rate of deposition, for example, is controlled to
deposit a desired amount of catalytic material on the carbon support. In some
examples, selected portions of the carbon support are masked to achieve different
amounts of catalytic material in different areas of the carbon support.

[00033] Figure 6 illustrates an example of a modified portion 42 of a flow field.
In this example, the channels 18' of the portion 42 include a first width Wy. In another
portion 66 of the flow field upstream from the portion 42, the channels 18 have a
second width W, that is smaller than the first width Wj. In one example, the portion
42 and portion 66 have the same pitch (i.e., combined width of the channel 18 and
channel wall 17 shown at P) but different channel widths.

[00034] In the illustrated example, the relatively wider channels 18' and
narrower channel walls 17" in the portion 42 reduce the amount of catalyzed reactant
gas R, available for the electrochemical reaction and, in turn, reduces the threshold
amount of the reactant gas R, needed to generate the forward flow of electrons.

[ooo3s] As is known, the electrochemical reaction produces a water by-
product. For a porous flow field plate 16, the water is removed in a known manner

over the area of the channel walls 17 to allow diffusion of the reactant gas R, to the
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cathode catalyst 24, and the rate of water removal corresponds to the area of the
channel walls 17. An excess of water therefore restricts diffusion of the reactant gas
R, to the cathode catalyst 24. In the illustrated example, the relatively narrower
channel walls 17" in the portion 42 provide resistance to water removal relative to the
wider channel walls 17 of the portion 66 and thereby inhibit diffusion of the reactant
gas R; to the cathode catalyst 24 to restrict consumption of the reactant gas R; and
thereby keep the threshold below the expected partial pressure of the reactant gas R;
in the portion 42.

fooozs] Figure 7A illustrates another example portion 42. In this example, the
channels 18' of the portion 42 are parallel. As is known, the primary means of reactant
gas Ry mass transport to the cathode catalyst 24 in a parallel channel arrangement is
diffusion. In another portion 70 of the flow field upstream from the portion 42, the
channels 18 are interdigitated. As is known, the primary means of reactant gas R,
mass transport to the cathode catalyst 24 in an interdigitated channel arrangement is
forced convection.

tooo37] Figure 7B illustrates a channel depth D; of the channels 18' of one
example portion 42 and Figure 7C illustrates a channel depth D, of the portion 70
according to the section lines shown in Figure 7A. In the illustrated example, the
channel depth D, is shallower than the channel depth D,.

fooo3g] In the illustrated example, the parallel arrangement and shallower
channel depth Dy in selected channels along the portion 42 provide relatively less
reactant gas R flow into the portion 42 than in the portion 70, thereby lowering the
amount of reactant gas R, available for the electrochemical reaction and, in turn,
reducing the threshold amount of the reactant gas R; needed to generate the forward
flow of electrons.

tooo3s] In some examples, the parallel arrangement and shallower channels 18'
of the portion 42 have a negligible effect on the performance of the fuel cell 10 at low
electric current densities, but will restrict the electric current density in the portion 42
at higher electric current levels.

fooos0] Figure 8 illustrates an example of a modified fuel cell 10. In this
example, the fuel cell 10 includes a cooling passage 80 for carrying a known coolant.

The coolant enters the cooling passage 80 through an entrance 82 and exits through an
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exit 84. In the illustrated example, the cooling passage 80 is shown schematically in a
serpentine arrangement. In some examples, the cooling passage 80 is formed in the
flow field plate 16, as shown in phantom in Figure 1.

00041] In the illustrated example, a coolant flows through the cooling
passages 80 and removes heat that is generated by the electrochemical reaction.
Generally, the temperature of the fuel cell 10 increases from the entrance 38 to the
exit 40. Temperature tends to increases the rate of the electrochemical reaction, which
increases the threshold amount of reactant gas R, needed to generate the forward flow
of electrons. The portion 42 in this example is near the entrance 82 and a second
portion 86 is farther away from the entrance 82. The temperature of the coolant
generally increases from the entrance 82 to the exit 84 as the coolant absorbs heat
from its surroundings. By having the portion 42 near the entrance 82, the portion 42
receives relatively cooler coolant rather than coolant that has been preheated by other
portions of the fuel cell 10. In one example, the cooling passages 80 keep the portion
42 cooler than a portion 86 that is upstream along the direction of flow of reactant R2
from the portion 42. This provides a temperature variation that is the opposite of a
typical arrangement. Moreover, this example slows the electrochemical reaction in
the portion 42 and, in turn, reduces the threshold amount of the reactant gas R, needed
to maintain the forward flow of electrons.

00042 The disclosed examples restrict consumption of the reactant gas R;ina
portion of the fuel cell 10 that is expected to have a relatively low partial pressure of
reactant gas R, to maintain the desired forward flow of electrons from the anode
catalyst 26 to the cathode catalyst 24. In some disclosed examples, the described
features increase stability of the operation of the fuel cell 10 at relatively high fuel
utilizations by lowering the threshold for fuel starvation without significant adverse
effects on performance at low to moderate electric current densities.

[0o0a3} Although a combination of features is shown in the illustrated
examples, not all of them need to be combined to realize the benefits of various
embodiments of this invention. In other words, a system designed according to an
embodiment of this invention will not necessarily include all of the features shown in

any one of the Figures or all of the portions schematically shown in the Figures.

PCT/US2005/047675
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Moreover, selected features of one example embodiment may be combined with
selected features of other example embodiments.

00044] The preceding description is exemplary rather than limiting in nature.
Variations and modifications to the disclosed examples may become apparent to those
skilled in the art that do not necessarily depart from the essence of this invention. The
scope of legal protection given to this invention can only be determined by studying

the following claims.
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CLAIMS

I claim:

1. A device for use in a fuel cell, comprising;:

a cathode catalyst for receiving a first reactant,

an anode catalyst for receiving an expected amount of a second reactant, the
cathode catalyst and the anode catalyst respectively catalyze the first reactant and the
second reactant to produce an electrochemical reaction that generates a flow of
electrons between the anode catalyst and cathode catalyst, wherein the amount of the
first reactant consumed in the electrochemical reaction corresponds to a threshold
amount of the second reactant needed to generate a desired flow of the electrons; and

a first fuel cell portion including a feature that restricts consumption of the
first reactant to maintain the threshold amount within a desired range of the expected

amount of the second reactant.

2. The device as recited in Claim 1, wherein the first fuel cell portion and
another portion of the fuel cell each include a porous layer having openings for flow
of the first reactant to the cathode catalyst, and the feature includes a filler that

partially blocks the openings.

3. The device as recited in Claim 2, wherein the filler is selected from at

least one of an oxide material, a polymer material, or a carbon material.

4. The device as recited in Claim 1, wherein the first fuel cell portion
includes first channels of equal size, and the feature comprises at least one second

channel of a different size than the first channels.

5. The device as recited in Claim 1, wherein the feature comprises the
first fuel cell portion having parallel channels for receiving the first reactant and
wherein another portion of the fuel cell flow field includes interdigitated channels for

receiving the first reactant.

10
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6. The device as recited in Claim 1, comprising a catalytic material, and
the feature includes a greater amount of catalytic material near the first fuel cell
portion relative to an amount of the catalytic material near another portion of the fuel

cell.

7. The device as recited in Claim 1, wherein the feature comprises the
first fuel cell portion being maintained at a cooler temperature than another portion of

the fuel cell.

8. The device as recited in Claim 7, wherein the device includes a cooling
passage having a coolant entrance and a coolant exit, and the first fuel cell portion is

nearer to the coolant entrance than the coolant exit.

0. The device as recited in Claim 1, wherein the first fuel cell portion
includes a porous layer having openings for flow of the first reactant to the cathode
catalyst, and the feature includes the first fuel cell portion having a barrier layer

adjacent the porous layer to restrict flow of the first reactant to the cathode catalyst.

10. The device as recited in Claim 9, including an ionic membrane
between the cathode catalyst and the anode catalyst, and the barrier layer is between

the cathode catalyst and the ionic membrane.
11. A method for use with a fuel cell, comprising:
restricting consumption of a first reactant at a cathode catalyst of a fuel cell to

reduce a threshold amount of a second reactant needed at an anode catalyst.

12.  The method as recited in Claim 11, including restricting consumption

of the first reactant in a selected portion of a fuel cell stack.

13.  The method as recited in Claim 12, including using a reduced amount

of catalytic material in the selected portion relative to other portions of the fuel cell.

11
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14.  The method as recited in Claim 12, including using a reduced channel

size in the selected portion relative to channel sizes in other portions of the fuel cell.
15.  The method as recited in Claim 12, including using parallel flow field
channels in the selected portion and interdigitated flow field channels in other

portions of the fuel cell.

16.  The method as recited in Claim 12, including maintaining the selected

portion at a cooler temperature relative to other portions of the fuel cell.

17.  The method as recited in Claim 11, including restricting flow of the

first reactant to the cathode catalyst.

18.  The method as recited in Claim 17, including partially blocking flow of

the first reactant to the cathode catalyst.

19.  The method as recited in Claim 18, including partially blocking flow

through openings in a porous layer adjacent the cathode catalyst with a filler.

20.  The method as recited in Claim 18, including partially blocking flow

with a barrier layer and a cloth layer.

12
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