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& (57) Abstract: A fuel cell (1) comprises a cathode catalyst layer (3) and an anode catalyst layer (4) disposed on each surface of an

e\ electrolyte membrane (2), an oxidant gas passage (8) facing the cathode catalyst layer (3), and a fuel gas passage (9) facing the anode

catalyst layer (9). The cathode catalyst layer (3) contains a metal catalyst (16). In a region (A), in which the dif
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DESCRIPTION

FUEL CELL
FIELD OF THE INVENTION

This invention relates to a constitution of a cathode catalyst layer of a

polymer electrolyte fuel cell.
BACKGROUND OF THE INVENTION

JP2003-168443A, published by the Japan Patent Office in 2003, teaches
that the constitution of a cathode catalyst layer is to be varied according to
its position in order to improve the operating efficiency of a polymer electrolyte
fuel cell (PEFC).

A fuel cell comprises an anode and a cathode, a solid polymer electrolyte
membrane supported between the anode and cathode, a separator contacting
the cathode on the opposite side of the electrolyte membrane, and a separator
contacting the anode on the opposite side of the electrolyte membrane. A gas
passage for introducing an oxidant gas is formed in the separator contacting
the cathode.

In this prior art, the constitution of the cathode catalyst layer is varied
such that the amount. of platinum and/or the amount of an ion exchange
resin per unit area of the Cathocie catalyst layer is greater in the vicinity of the

inlet to the gas passage than in the vicinity of the outlet from the gas



10

15

20

25

CA 02561634 2011-06-07

151927-9

passage.

The electrolyte membrane is required to be moist, but since water is
generated as a result of a reaction between fuel gas and oxidant gas in the fuel cell,
the oxidant gas supplied to the cathode preferably has low humidity in consideration
of the overall reaction efficiency. As a result, the atmosphere in the vicinity of the
inlet to the gas passage is dry, and the atmosphere in the vicinity of the outlet is
humid. The prior art achieves a uniform reaction efficiency in all regions of the
cathode by increasing the amount of platinum and/or the amount of ion exchange

resin per unit area in the vicinity of the inlet accordingly.

SUMMARY OF THE INVENTION

However, when a fuel cell is exposed to high temperatures or high
electric potentials, a metal catalyst formed from platinum (Pt) or the like tends to melt
through oxidation such that the substantial reaction area of the cathode decreases.
The position in which the metal catalyst melts is not limited to the upstream side of
the gas passage, and is determined by the electric potential distribution. Hence in a
specific region of the cathode where oxidation of the metal catalyst is likely to occur,
the electric power generation efficiency decreases when the fuel cell is operated over
é long time period. The prior art is unable to remedy such melting of the metal

catalyst caused during a long operating period.

It is therefore an object of some embodiments of this invention to
maintain a favorable reaction efficiency in all regions of a cathode over a long period

of usage.

According to one aspect of the present invention, there is provided a
fuel cell comprising: an electrolyte membrane; and a cathode catalyst layer
containing a metal catalyst and facing a surface of the electrolyte membrane, the
cathode catalyst layer comprising a specific region and a region other than the
specific region both of which face the surface of the electrolyte membrane, and the

specific region generating a larger differential electric potential between the cathode
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catalyst layer and the electrolyte membrane during an electric power generation
reaction of the fuel cell than in the region other than the specific region; wherein the

cathode catalyst layer contains catalyst particles each of which comprises a support,
the metal catalyst is supported on the support in the form of particles, and a diameter
of the particles of the metal catalyst in the specific region is smaller than a diameter
of the particles of the metal catalyst in the region other then the specific region.

The details as well as other features and advantages of this invention
are set forth in the remainder of the specification and are shown in the accompanying

drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a longitudinal sectional view of a fuel cell according to this
invention.
FIGs. 2A and 2B are perspective views of a catalyst particle according to

this invention.
FIG. 3 is a schematic longitudinal sectional view of a fuel cell, illustrating
a region A set in this invention.

FIG. 4 is a plan view of a membrane electrode assembly according to a
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fourth embodiment of this invention.

FIGs. BA and 5B are a front view and a rear view of a separator according
to the fourth embodiment of this invention.

FIG. 6 is a schematic longitudinal sectional view of a fuel cell, illtastrating
a region A set in a fifth embodiment of this invention.

FIG. 7 is a schematic longitudinal sectional view of a fuel cell, illtastrating
a region A set in a sixth embodiment of this invention.

FIG. 8 is a perspective view of a fuel cell stack using the fuel cell

according to this invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to FIG. 1 of the drawings, a fuel cell 1 comprises a membrane
electrode assembly 5, and a pair of separators 10 and 11 sandwiching the
membrane electrode assembly b from either side.

The membrane electrode assembly 5 has a cathode catalyst layer 3 formed
on one surfe‘xce.of a solid polymer electrolyte membrane 2, the owatside of
which is covered by a gas diffusion layer 6, and an anode catalyst layer 4
formed on the other surface of the solid polymer electrolyte membrane 2, the
outside of which is covered by a gas diffusion layer 7.

The cathode catalyst layer 3, anode catalyst layer 4, and gas diffusion
layers 6, 7 are formed with a planar form that is identical to, but slightly
smaller than, the solid polymer electrolyte membrane 2 and the separators 10,

11. With the membrane electrode assembly b sandwiched between the pair of
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separators 10, 11, the cathode catalyst layer 3 and gas diffusion layer 6 are
enclosed within a gasket 13 that is supported between the solid polymer
electrolyte membrane 2 and the separator 10. Likewise, the anode catalyst
layer 4 and gas diffusion layer 7 are enclosed within a gasket 13 that is
supported between the solid polymer electrolyte membrane 2 and the separator
11. .

A plurality of groove-shaped oxidant gas passages 8 facing the gas ditffusion
layer 6 is formed in the separator 10. A plurality of groove-shaped fuel gas
passéges 9 facing the gas diffusion layer 7 is formed in the separator 11. Air
containing oxygen tlows through the oxidant gas passages 8, and hydrogen
rich gas having hydrogen as its main component flows through the fuel gas
passages 9, preferably in opposite directions to each other. It should be
noted, however, that the gases do not necessarily have to flow in opposite
directions.

Oxidant gas is distributed to the oxidant gas passages 8 from an oxidant
gas supply manifold formed so as to pass vertically through the fuel cell 1.
Fuel gas is distributed to tﬁe fuel gas passages 9 from a fuel gas supply
manifold formed so as to pass vertically through the fuel cell 1.

A cooling water passage 12 is formed on the rear surface of the cathode
side separator 10. The two ends of the cooh’hg water passage 12 are connected
to a cooling water supply manifold 17 and a cooling water discharge manifold
18 which pass through the fuel cell 1 in a longitudinal direction. Cooling
water supplied to the cooling water passage 12 from the cooling water supply

manifold 17 cools the fuel cell 1 following heat generation produced by the
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electrochemical reaction in the fuel cell 1 so that the temperature of the fu €l
cell 1 is maintained appropriately. Having absorbed the generated heat of thae
fuel cell 1, the cooling water is discharged outside of the fuel cell 1 from the
cooling water passage 12 through the cooling water discharge manifold 18.

Reterring to FIG. 8, the fuel cell 1 constituted as described above is
laminated together with other fuel cells 1 having a similar constitution, arad
used as a fuel cell stack 100 having a pair of end plates 201 disposed at each
end.

In the fuel cell 1, the hydrogen contained in the hydrogen-rich gas that is
supplied to the fuel gas passage 9 passes through the gas diffusion layer 7 to
reach the anode catalyst layer 4, and causes the following reactidn in the
anode. The oxygen contained in the air that is supplied to the oxidant gas
passage 8 passes through the gas diffusion layer 6 to reach the catho de
catalyst layer 3, and causes the iollowing electrochemical reaction in the
cathode. The electric potential that is generated as a result of the reactions is
expressed as a voltage based on the Standard Hydrogen Electrode (SHE).

Anode: 2H, — 2H" + 2e” (0V)

Cathode: O, + 4H" + 4" — 2H,0 (1.23V)

As shown in these reaction formulae, in the fuel cell 1 the cathode
reaches a higher electric potential than the anode.

Reterring to FIGs. 2A and 2B, the cathode catalyst layer 3 is constituted
by a large number of catalyst particles 14. The catalyst particles 14 contains
a metal catalyst 16 which is supported on a support 15 in the form of mintite

particles and generates an electrochemical reaction in the cathode. In this
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embodiment, carbon black is used for the support 15, and platinum particles
are used for the metal catalyst 16. It should be noted, however, that this
invention does not exclude the use of other materials for the support 15 or
- metal catalyst 16. The cathode catalyst layer 3 is formed by coating the
electrolyte membrane 2 with a solution of the catalyst particles 14 constituted
in such a manner.

The anode catalyst layer 4 is constituted similarly to the cathode catalyst
layer 3.

When the fuel cell 1 described above is in a state of high electric potential,
an oxidation reaction shown in the following reaction formula is generated in
the metal catalyst 16 of the cathode catalyst layer 3. The voltage shown in
parentheses is based on the atforementioned SHE.

Pt — Pt** + 2e (1.19V)

More specifically, the platinum initiates the oxidation reaction at a
differential electric potential of approximately 1.2V. The oxidation reaction
occurs more easily as the differential electric potential between the cathode
catalyst layer 3 and the electrolyte membrane 2 increases. On the periphery
of the differential electric potential of 1.2V, the oxidation reaction begins even
at a lower electric potential than 1.2V.

The platinum is melted by the oxidation reaction, and as a result, the
surface area of the catalyst decreases, leading to a deterioration in the catalytic
function of the cathode catalyst layer 3. A deterioration in the catalytic
function causes the electric power generation efficiency of the fuel cell 1 to

decrease.
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The electric potential E of the electrolytex membrane 2 based on SHE is

dependent on the proton concentration [H'] passing through the electrolyte

membrane 2, as is expressed by the following equation.

— d . +
£=>303 /”[H ]

or

E=a-log,|H"]

where, a=temperature-dependent constant.

The constant a is" 0.059 at twenty-five degrees centigrade. The term h
expresses a natural logarithm, whereas /og,, expresses a common logarithm.

As is clear from the above equation, the electrolytic potential rises as the
proton concentration [H'] passing through the electrolyte membrane 2 increases.
As a result, the differential electric potential with the cathode catalyst layer 3
decreases. As the proton concentration [H'] passing through the electrolyte
membrane 2 decreases, the electrolytic potential falls, and hence the differential
electric potential with the cathode catalyst layer 3 increases.

The proton concentration [H'] passing through the electrolyte membrane
2 is closely related to the current density of the reaction surface of the fuel
cell 1. In other words, in locations where the current density is low, the
proton concentration [H*] passing through the electrolyte membrane 2 is low,
and in locations where the current densify is high, the proton concentration
[H] passing through the electrolyte membrane 2 is high.

The proton concentration [H'] passing through the electrolyte membrane
2 is dependent on the moisture content of the electrolyte membrane 2 such

that the proton concentration [H'] falls as the moisture content increases.
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From the relationships described above, regarding the oxidant gas flow,
the differential electric potential between the cathode catalyst layer 3 and
electrolyte membrane 2 is high on the dowmnstream side of the oxidant gas
flow. As noted above, water is generated in the cathode by the reaction
between the hydrogen and oxygen, and this water mixes with the oxidant gas
in the oxidant gas passage 8. Meanwhile, the oxygen in the oxidant gas is
consumed in the reaction in the cathode. As a result, the humidity of the
oxidant gas rises toward the downstream side of the oxidant gas passage 8.
Accordingly, the moisture content of the electrolyte membrane 2 also increases
toward the downstream side of the oxidant gas passage 8, whereas the proton
concentration [H'| decreases.

In other words, even when the SHE-based electric potential of the cathode
catalyst layer 3 is constant, toward the downstream side of the oxidant gas
passage 8 the electric potential of the electrolyte membrane 2 decreases, and
the ditferential electric potential between the cathode catalyst layer 3 and
electrolyte membrane 2 increases. Furthermore, the current density decreases
toward the downstream side of the oxidant gas passage 8.

Referring to FIG. 3, here, the downstream region of the oxidant gas
passage 8 is set as a region A in which the difierential electric potential
between the cathode catalyst layer 3 and electrolyte membrane 2 is large.

In the region A, the amount of the metal catalyst 16 per unit area of the
cathode catalyst layer 3 is set to be larger than in the other region. More
specitically, in the region A, the coated amount of the catalyst particles 14

onto the electrolyte membrane 2 to form the cathode catalyst layer 3 is
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increased beyond that of the other region. To explain in the simplest way, the
coated amount of the catalygt particles 14 can be increased by increasing the
number of times of coating.

Here, the coated amount of the catalyst particles 14 in the region A is set
at 0.6 mg/cm? and the coated amount of the catalyst particles 14 in the
other region is set at 0.4 mg/cm’.

Thus by increasing the amount of the metal catalyst 16 in the region A,
in which the metal catalyst 16 of the cathode catalyst lasfer 3 is mo.re likely to
melt due to the differential electric potential, a decrease in output voltage
caused by melting of the metal catalyst 16 in the region A can be prevented.
As a result, a uniform reaction efficiency can be maintained in all regions of
the cathode over a long time period, and decreases over time in the output of
the fuel cell 1 can be prevented, enabling an improvement in durability.

In this embodiment, the region A is set as the downstream region of the
o;ddant gas passage 8, but the high-humidity region of at least one of the
oxidant gas passage 8 and fuel gas passage 9 may be set as the region A.
When tlooding occurs in the fuel gas paésage 9, fuel gas supply becomes
insufficient, and carbon corrosion or platinum corrosion may occur as a
result. By setting the region A according to the humidity of the fuel gas
passage 9 as well as the humidity of the oxidant gas passage 8, decreases in
the output of the fuel cell 1 due to such corrosion can be prevented.

As is clear from the above description, the region A, in which the differential
electric potential between the cathode catalyst layer 3 and electrolyte membrane

2 is large, may be defined in various ways in accordance with its relationship
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to the current density, the moisture content of the electrolyte membrane 2,
arnd the oxidant gas passage 8.

Next, referring to FIGs. 2A and 2B, a second embodiment of this invention
will be described.

In this embodiment, the specific surface area of the metal catalyst 16 is
increased in the region A instead of the coated amount of the catalyst particles
14

More specifically, metal catalyst particles 16a having the particle diameter
shown in FIG. 2A are supported on the support 15 in the other region,
whereas metal catalyst particles 16b having a smaller particle diameter, as
shown in FIG. 2B, are supported on the support 15 in the region A. By
reducing the particle diameter, the effective surface area of the particles which
generate the electrochemical reaction increases. Hence by increasing the
specific surface area of the metal catalyst 16, an identical action can be
obtained without increasing the amount of the metal catalyst 16.

It should l?e noted that in this embodiment also, the region A may be
defined in various. wajrs, as described in the first embodiment.

Next, a third embodiment of this invention will be described.

In this embodiment, the composition of the catalyst particles 14 is modified
inn the region A instead of increasing the coated amount of the catalyst
particles 14.

More specifically, in the region A catalyst particles having a platinum
weight proportion of fifty percent by weight are applied to the catalyst particles

14, whereas in the other region catalyst particles having a platinum weight
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proportion of forty percent by weight are applied to the catalyst particles 14.
By means of this arrangement, the platinum amount contained in the cathode
catalyst layer 3 can be modified without modifying the coated amount of the
catalyst particles 14. It should be noted that it is also possible to modify the
platinum amount contained in the cathode catalyst layer 3 without modifying
the coated amount of the catalyst particles 14 by varying the mixing ratio of
two types of catalyst particles having a different platinum weight proportion
in the region A and the other region.

Next, referring to FIG. 4 and FIGs. BA and 5B, a fourth embodiment of
this invention will be described.

In the drawings, the electrolyte membrane 2 has a substantially square
- planar form, and the cathode catalyst layer 3 coated onto the electrolyte
membrane 2 takes a square shape which is slightly smaller than that of the
electrolyte membrane 2.

The cooling water supply manifold 17, cooling water discharge manifold
18, oxidant gas supply manifold 19, oxidant gas discharge manifold 20, fuel
gas supply manifold 21, and fuel gas discharge manifold 22 are formed through
the electrolyte membrane 2 and separators 10, 11 outside of the periphery of
the cathode catalyst layer 3 and anode catalyst layer 4. The cooling water
supply manifold 17 and discharge manifold 18 penetrate the square shape
electrolyte membrane 2 at a rectangular cross section along two opposing
sides of the square. The oxidant gas supply manifold 19 and fuel gas discharge
manifold 22 are formed consecutively onione of the two remaining sides of the

square, and the oxidant gas discharge manifold 20 and fuel gas supply manifold
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21 are formed consecutively on the other of the two remaining sides of the
square.

The oxidant gas supplied through the supply manifold 19 flows down the
oxidant gas passage 8, and is discharged outside of the fuel cell 1 through the
discharge manifold 20. The fuel gas supplied through the supply manitold 21
flows down the fuel gas passage 9, and is discharged outside of the fuel cell 1
through the discharge manifold 22.

As shown in FIG. bA, in this embodiment the oxidant gas passage 38
formed in the separator 10 is constituted by a plurality of bent parallel
passages. Each passage is defined by arib. As shown in FIG. 5B, the cooling
water passage 12 formed in the separator 11 is constituted by a plurality of
parallel passages connecting the supply manifold 17 and discharge manifold
18 linearly. The point of this arrangement is to ensure that the upstream
portion of the cooling water passage 12 overlaps the downstream portion of
the oxidant gas passage 8, and that the downstream portion of the cooling
water passage 12 overlaps the upstream portion of the oxidant gas passage 8.
It should be noted, however, that a similar overlapping relationship may be
realized through another disposal arrangement of the oxidant gas passage 8
and cooling water passage 12.

In this embodiment, the region having a large differential electric potential
between the electrolyte membrane 2 and cathode catalyst layer 3 is detined by
the temperature of the cathode catalyst layer 3. More specitically, in the low
temperature region of the cathode catalyst layer 3, condensed water is generated

easily, and water is difficult to discharge. As a result, the moisture content of
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the electrolyte membrane 2 mcreaées, and the electric potential of the electrolyte
2 falls, leading to a large differential electric potential with the cathode
catalyst layer 3. Hence in this embodiment, the low temperature region of the
cathode catalyst layer 3 is set as the region A. More specifically, the upstream
portion of the cooling water passage 12 and the overlapping downstream
portion of the oxidant gas passage 8 correspond to the region A. The amount
or specific surface area of the metal catalyst 16 in the cathode Catalyst layer 3
is increased in the region A, set as described above, by applying any one of the
methods described in the first through third embodiments.

Next, referring to FIG. 6, a fifth embodiment of this invention will be
described.

In this embodiment, non-reacted oxidant gas discharged into the oxidant
gas discharge manitold is recirculated into a convergence portion 8a provided
at a point midway along the oxidant gas passage 8. The region A is set in a
different position to the first embodiment in accordance with the convergence
portion 8a. Otherwise, the fifth embodiment is constituted identically to the
first embodiment.

A method of setting the region A in this embodiment will now be described.

In the oxidant gas passage 8, the amount ol oxidant gas is smaller
directly before the non-reacted oxidant gas converges than after the convergence,
and hence the ability to discharge the water generated in the oxidant gas
passage 8 decreases, making the moisture content of the electrolyte membrane
2 likely to rise. Moreover, in this region the reaction rate of the electrochemical

reaction in the cathode catalyst layer 3 between the hydrogen that passes
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through the electrolyte 2 and the oxygen in the oxidant gas supplied from the
oxidant gas passage 8 decreases, and the current density falls. Thus in this
region, the differential electric potential between the cathode catalyst layer 3
and electrolyte membrane 2 is likely to increase.

Therefore, in this embodiment the region directly upstream of the non-
reacted oxidant gas convergence portion 8a, and the downstream portion of
the oxidant gas passage 8, which is removed from the former region by a gap,
are set as the region A. The amount or specific surface area of the metal
catalyst 16 in the cathode catalyst layer 3 is increased in the region A, set in
this manner, by applying any one of the methods described in the first
through third embodiments.

According to this embodiment, the region A is set in accordance with
variation in the oxidant gas flow rate through the oxidant gas passage 8, and
hence application of this invention to a fuel cell comprising an oxidant gas
recirculation mechanism can be optimized.

Next, referring to FIG. 7, a sixth embodiment of this invention will be
described. .

The fuel cell 1 according to this embodiment comprises a current extraction
portion 23 on one end of the separators 10 and 11. The current extraction
portion 23 is constituted by a lead wire 24 connecting one end of the separator
10 and one end of the separator 11, and an electric load 25 inserted at a point
on the lead wire 24.

An electron e generated by the electric power generation reaction of the

fuel cell 1 flows from the separator 11 on the anode catalyst layer 4 side
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through the electric load 25 to the separator 10 on the cathode catalyst layer
3 side, whereby a current is formed in the opposite direction to the flow of the
electron e”. In the interior of the fuel cell 1, the inverse current flows along
the lamination plane of the cathode catalyst layer 3, as shown by the arrow in
the drawing, as the electron e is supplied to each portion of the cathode
catalyst layer 3 from the lead wire 24. As a result, a ditferential electric
potential is generated along the lamination plane ot the cathode catalyst layer
3 such that the electric potential ot the cathode catalyst layer 3 increases
gradually from the connection portion between the separator 10 and the lead
wire 24.

Meanwhile, away from the connection portion to the lead wire 24, a delay
occurs in the supply of the electron e used in the electrochemical reaction in
the cathode catalyst layer 3 due to electron transfer resistance in the separator
10, and hence a delay occurs in the electrochemical reaction. As a result, the
proton concentration [H*] of the region removed from the connection portion
to the lead wire 24 decreases, causing a decrease in the electric potential of
the electrolyte membrane 2.

Hence the differential electric potential between the cathode catalyst
layer 3 and electrolyte membrane 2 increases gradually as the distance from
the connection portion to the lead wire 24 increases.

In this embodiment, therefore, the region of the cathode catalyst layer 3
that is removed from the connection portion to the lead wire 24 is set as the
region A. In this embodiment, the amount or specific surface area of the

metal catalyst 16 in the cathode catalyst layer 3 is increased in the region A,
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set in this manner, by applying any one of the methods described in the first
through third embodiments.

By increasing the amount or specific surface area of the metal catalyst 16
in accordance with the distance from the current extraction portion 23, it is
possible to compensate for melting of the metal catalyst 16 due to the high
differential electric potential, and hence a uniform reaction efficiency can 'be
maintained in all regions of the cathode over a long time period.

In this embodiment, the current extraction portion 23 is provided at the
end portion of the separators 10 and 11, but 1n cases where current extraction
portions are provided in a plurality of sites On the separators 10 and 11, the
region A is set in accordance with the distance from each of the current
extraction portions.

In a fuel cell stack constituted by a plurality of the fuel cells 1 laminated
in a single direction, the current is typically extracted from both ends of the
stack. In this case, a favorable effect is obtained by constituting the fuel cells
at the end portions of the stack, in the vicinity of the current extraction

portions, similarly to the fuel cell 1 of this embodiment.

Although the invention has been described above by reference to certain
embodiments of the invention, the invention is not limited to the embodiments
described above. Modifications and variations of the embodiments described

above will occur to those skilled in the art, within the scope of the claims.

For example, in each of the embodiments described above, the amount or
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specific surface area of the metal catalyst 16 in the cathode catalyst layer 3 is
increased uniformly in the region A, but the increase amount may be raised
gradually. For example, the amoﬁnt or specific surface area of the metal

catalyst 16 may be increased as the differential electric potential between the

cathode catalyst layer 3 and electrolyte membrane 2 increases.
INDUSTRIAL FIELD OF APPLICATION

As described above, this invention exhibits the favorable effects of an
improvement in the durability of a fuel cell using a solid polymer electrblyte
membrane and the conservation of its functions over a long time period.

The embodiments of this invention in which an exclusive property or

privilege is claimed are defined as follows:
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1. A fuel cell comprising:
an electrolyte membrane; and

a cathode catalyst layer containing a metal catalyst and facing a surface
of the electrolyte membrane, the cathode catalyst layer comprising a specific region
and a region other than the specific region both of which face the surface of the
electrolyte membrane, and the specific region generating a larger differential electric
potential between the cathode catalyst layer and the electrolyte membrane during an

electric power generation reaction of the fuel cell than in the region other than the
specific region;

wherein the cathode catalyst layer contains catalyst particles each of
which comprises a support, the metal catalyst is supported on the support in the form
of particles, and a diameter of the particles of the metal catalyst in the specific region

is smaller than a diameter of the particles of the metal catalyst in the region other
then the specific region.

2. The fuel cell as defined in Claim 1, wherein the cathode catalyst layer
contains catalyst particles each of which comprises a support and the metal catalyst
supported on the support, and wherein an amount of the catalyst particles per unit
area of the cathode catalyst layer in the specific region is set to a greater value than
in the region other than the specific region.

3. The fuel cell as defined in Claim 1, wherein the cathode catalyst layer
contains catalyst particles each of which comprises a support and the metal catalyst
supported on the support, and wherein a weight ratio of the metal catalyst to the
support is set to a greater value in the specific region than in the region other than the

specific region.

4. The fuel cell as defined in Claim 3, wherein an amount of the catalyst

particles per unit area of the cathode catalyst layer in the specific region is equal to



10

15

20

25

CA 02561634 2011-06-07

"951927-9

20

an amount of the catalyst particles per unit area of the cathode catalyst layer in the
region other than the specific region.

5. The fuel cell as defined in Claim 1, wherein the cathode catalyst layer
contains catalyst particles each of which comprises a support and the metal catalyst
supported on the support in the form of particles, and wherein the specific surface
area of the particles of the metal catalyst is set to a greater value in the specific

region than in the region other than the specific region.

6. The fuel cell as defined in Claim 1, wherein the specific region is set as
a region in which a current density during the electric power generation reaction of

the fuel cell is smaller than in the region other than the specific region.

7. The fuel cell as defined in Claim 1, wherein the specific region is set as
a region in which a moisture content of the electrolyte membrane during the electric
power generation reaction of the fuel cell is higher than in the region other than the

specific region.

8. The fuel cell as defined in Claim 1, wherein the fuel cell further
comprises an anode catalyst layer facing another surface of the electrolyte

membrane, the fuel cell is constituted to perform electric power generation by means

- of an electrochemical reaction through the electrolyte membrane between oxygen in

an oxidant gas supplied to the cathode catalyst layer and hydrogen in a fuel gas
supplied to the anode catalyst layer, and the specific region is set as a region in
which a humidity of the oxidant gas during the electric power generation reaction of

the fuel cell is higher than in the region other than the specific region.

9. The fuel cell as defined in Claim 1, wherein the fuel cell further
comprises an oxidant gas passage which supplies an oxidant gas to the cathode
catalyst layer, the oxidant gas passage facing the cathode catalyst layer and
comprising a downstream portion and a portion other than the downstream portion
which is located upstream of the downstream portion, and the specific region Is set as

a region corresponding to the downstream portion.
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10. The fuel cell as defined in Claim 9, wherein the oxidant gas passage
comprises an oxidant gas convergence portion at a point thereon, and the specific
region comprises a region directly upstream of the convergence portion and a region
corresponding to the downstream portion of the oxidant gas passage, which is

removed from the directly upstream region by a gap, with respect to a flow of the
oxidant gas in the oxidant gas passage.

11. The fuel cell as defined in Claim 1, wherein the specific region is set as
a region in which a temperature of the cathode catalyst layer during the electric

power generation reaction of the fuel cell is lower than in the region other than the

specific region.

12. The fuel cell as defined in Claim 1, wherein the fuel cell further
comprises a cooling water passage which cools the fuel cell during the electric power
generation reaction and comprises an upstream portion and a portion other than the
upstream portion which Is located downstream of the upstream portion, and the

specific region is set as a region corresponding to the upstream portion.

13. The fuel cell as defined in Claim 1, wherein the fuel cell further
comprises a current extraction portion connected electrically to the cathode catalyst

layer, and the specific region is set as a region removed from the current extraction

portion.
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