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(57) ABSTRACT

Provided is a solid polymer electrolyte type fuel cell having
high durability. The fuel cell comprises a stack of single cell
modules, each including an electrolyte membrane-electrode-
frame assembly and a pair of separators. The electrolyte
membrane-electrode-frame assembly includes a catalyst
layer-attached electrolyte membrane having a polymer elec-
trolyte membrane, an anode catalyst, and a cathode catalyst,
a frame that is disposed at a peripheral portion of the catalyst
layer-attached electrolyte membrane and has a rectangular
inner periphery, and a pair of gas diffusion layers that are
disposed on both surfaces of the catalyst layer-attached elec-
trolyte membrane. The gas diffusion layers were disposed to
cover an inner peripheral portion of the frame, respectively. A
thickness of at least a part of a corner portion of the inner
peripheral portion is smaller than a thickness of a linear side
portion of the inner peripheral portion of the frame.
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SOLID POLYMER ELECTROLYTE TYPE
FUEL CELL, AND ELECTROLYTE
MEMBRANE-ELECTRODE-FRAME
ASSEMBLY

TECHNICAL FIELD

[0001] The present invention relates to a solid polymer
electrolyte type fuel cell, and an electrolyte membrane-elec-
trode-frame assembly of the fuel cell.

BACKGROUND ART

[0002] The solid polymer electrolyte type fuel cell includes
apolymer electrolyte membrane that is capable of selectively
transporting hydrogen ions, and a pair of electrodes (includ-
ing an anode and a cathode) that are formed on both surfaces
of' the electrolyte membrane. Each of the electrodes includes
a catalyst layer formed on a surface of the electrolyte mem-
brane, and a gas diffusion layer (GDL) that is disposed on an
outer side of the catalyst layer and has both gas permeability
and electron conductivity. In this manner, a member obtained
by integrally joining and assembling the electrolyte mem-
brane and the electrodes is referred to as an electrolyte mem-
brane-electrode assembly (MEA).

[0003] The MEA is interposed and mechanically fixed
between a pair of conductive separators, and adjacent MEAs
are electrically connected to each other in series. A gas flow
channel is formed at a portion, which comes into contact with
the MEA, of each of the separators. A reaction gas is supplied
to each of the electrodes through the gas flow channel to
remove generated water or a redundant gas from the elec-
trode. In this manner, a structure body in which the MEA is
interposed between the pair of separators is referred to as a
single cell module (cell).

[0004] A penetration hole, which is called a manifold hole,
is formed at an edge portion of each of the separators so as to
supply the reaction gas to the gas flow channel of the separa-
tor. The reaction gas that flows through the penetration hole is
distributed to the gas flow channels of a plurality of the
separators.

[0005] Furthermore, a sealing member is disposed between
the pair of separators to surround the outer periphery of an
electrode forming portion (that is, a power generation region)
of the MEA so as to prevent the reaction gas supplied to the
gas flow channels or the like from being leaked to the outside
or being mixed.

[0006] As an electrolyte membrane-electrode assembly in
the related art, an assembly in which a frame, a reinforcing
sheet, a gasket, and the like are formed in the outer periphery
of'the MEA is known (For example, refer to PTL 1 to PTL 8).
For example, FIG. 11 illustrates a manufacturing process of
MEA 101 disclosed in PTL 1. In FIG. 11, MEA 101 and
reinforcing frame 102 are disposed separately from each
other in mold 105, and rubber 103 is filled in a separation
portion. Rubber 103 is impregnated in gas diffusion layer
(GDL) 104 that constitutes MEA 101, whereby MEA 101 and
reinforcing frame 102 are integrated each other.

[0007] In addition, FIG. 12 shows a diagram illustrating
electrolyte membrane catalyst laminated body 201 of the
related art disclosed in PTL 2. In FIG. 12, electrolyte mem-
brane catalyst laminated body 201 includes electrolyte mem-
brane 203 in which catalyst layer 202 is disposed on both
surfaces thereof, and reinforcing sheet 204 including adhe-
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sive layer 205 and elastic layer 206, the adhesive layer 205
being bonded to an outer circumferential surface of electro-
lyte membrane 203.

[0008] Furthermore, a method of suppressing damage of
the gas diffusion layer and the electrolyte membrane in the
solid polymer electrolyte type fuel cell is suggested (refer to
PTL 9 and PTL 10).
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SUMMARY OF INVENTION
Technical Problem
[0029] It is required for the MEA of the solid polymer

electrolyte type fuel cell to have high durability. However, for
example, in the manufacturing of the MEA (FIG. 11) of PTL
1, a pressure is applied to the electrolyte membrane or the gas
diffusion layer for filling rubber 103, and in the result there is
a possibility that the electrolyte membrane or the gas diffu-
sion layer may be mechanically fractured.

[0030] In addition, in electrode membrane-catalyst layer
laminated body 201 (FIG. 12) of PTL 2, a gap is present
between the catalyst layer laminated on both surfaces of the
electrolyte membrane and the reinforcing sheet, and in result
the electrolyte membrane or the catalyst layer is directly
exposed to a gas fluid. Therefore, deterioration of the electro-
lyte membrane is accelerated, and there is a problem with
durability.

[0031] The invention has been made to solve the problems
in the related art, and an object thereof is to provide a solid
polymer electrolyte type fuel cell having an MEA with high
durability.
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Solution to Problem

[0032] According to an aspect of the invention, there is
provided asolid polymer electrolyte type fuel cell comprising
stacked single cell modules, each including an electrolyte
membrane-electrode-frame assembly, a pair of separators
that interpose the electrolyte membrane-electrode-frame
assembly therebetween from the anode side and the cathode
side, and a pair of gas diffusion layers. The electrolyte mem-
brane-electrode-frame assembly includes: a catalyst layer-
attached electrolyte membrane having a polymer electrolyte
membrane, an anode catalyst provided on one surface of the
polymer electrolyte membrane, and a cathode catalyst pro-
vided on the other surface of the polymer electrolyte mem-
brane; and a frame that is disposed at a peripheral portion of
the catalyst layer-attached electrolyte membrane, includes a
gas supply portion configured to supply a fuel gas and an
oxidant gas to the anode catalyst and the cathode catalyst,
respectively, and has a rectangular inner periphery. The pair
of gas diffusion layers is disposed between the pair of sepa-
rators and the electrolyte membrane-electrode-frame assem-
bly and are laminated to cover an inner peripheral portion of
the frame. A thickness of at least a part of a corner portion of
the inner peripheral portion of the frame is smaller than a
thickness of a linear side portion of the inner peripheral por-
tion of the frame.

[0033] Inaddition, accordingto another aspect of the inven-
tion, there is provided an electrolyte membrane-electrode-
frame assembly including: a catalyst layer-attached electro-
lyte membrane including a polymer electrolyte membrane, an
anode catalyst provided on one surface of the polymer elec-
trolyte membrane, and a cathode catalyst provided on the
other surface of the polymer electrolyte membrane; and a
frame that is disposed at a peripheral portion of the catalyst
layer-attached electrolyte membrane, includes a gas supply
portion configured to supply a fuel gas and an oxidant gas to
the anode catalyst and the cathode catalyst, respectively, and
has a rectangular inner periphery. A thickness of at least a part
of'a corner portion of the inner peripheral portion of the frame
is smaller than a thickness of a linear side portion of the inner
peripheral portion of the frame.

Advantageous Effects of Invention

[0034] According to the above-described configurations, a
gap is not likely to occur between the frame and the gas
diffusion layer. Accordingly, it is possible to provide a solid
polymer electrolyte type fuel cell having an MEA with high
durability while the electrolyte membrane or the catalyst
layer is not directly exposed to a gas. In addition, in the
polymer electrolyte type fuel cell comprising stacked single
cell modules, an overload, which occurs when the gas diffu-
sion layers are twisted and overlap each other, does not occur.
Accordingly, damage to the electrolyte membrane or the gas
diffusion layers, which occurs due to the overload, is reduced.
[0035] Asaresult, itis possible to provide a high-durability
MEA in which the damage to the electrolyte membrane and
the gas diffusion layer is small.

BRIEF DESCRIPTION OF DRAWINGS

[0036] FIG. 1is an exploded perspective diagram of a fuel
cell stack.
[0037] FIG. 2 is a configuration diagram of an electrolyte

membrane-electrode-frame assembly according to Embodi-
ment 1.
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[0038] FIG. 3 is a schematic diagram of the electrolyte
membrane-electrode-frame assembly according to Embodi-
ment 1.

[0039] FIG. 4A shows an exploded state of a single cell
module according to Embodiment 1, and is a partial cross-
sectional diagram of the electrolyte membrane-clectrode-
frame assembly and a pair of separators.

[0040] FIG. 4B illustrates a laminated state of a single cell
module according to Embodiment 1, and is a partial cross-
sectional diagram of the electrolyte membrane-clectrode-
frame assembly and the pair of separators.

[0041] FIG. 5 is a cross-sectional diagram of a corner por-
tion of the electrolyte membrane-electrode-frame assembly
in a case of assuming that an inner peripheral portion of the
frame has the same height over the entire periphery.

[0042] FIG. 6 illustrates an exploded state of the electrolyte
membrane-electrode-frame assembly according to Embodi-
ment 1, and is a schematic diagram partially illustrating a
corner portion of the inner peripheral portion of the frame and
a gas diffusion layer (GDL).

[0043] FIG. 7 illustrates an exploded state of the single cell
module according to Embodiment 1, and is a partial cross-
sectional diagram of a corner portion of the electrolyte mem-
brane-electrode-frame assembly and a separator.

[0044] FIG. 8 is a cross-sectional diagram of the corner
portion of the electrolyte membrane-electrode-frame assem-
bly according to Embodiment 1.

[0045] FIG. 9A is a schematic diagram of a corner portion
of the frame of the electrolyte membrane-electrode-frame
assembly according to Embodiment 1.

[0046] FIG. 9B is a partial cross-sectional diagram of the
electrolyte membrane-electrode-frame assembly according
to Embodiment 1.

[0047] FIG. 10A is a schematic diagram partially illustrat-
ing an exploded state of an electrolyte membrane-electrode-
frame assembly, and a corner portion of an inner peripheral
portion of the frame and a gas diffusion layer (GDL) accord-
ing to Embodiment 2.

[0048] FIG. 10B is a schematic diagram partially illustrat-
ing an exploded state of an electrolyte membrane-electrode-
frame assembly, and a corner portion of an inner peripheral
portion of the frame and a gas diffusion layer (GDL) accord-
ing to Embodiment 3.

[0049] FIG. 11 is a diagram illustrating an MEA in the
related art.

[0050] FIG. 12 is a diagram illustrating an MEA in the
related art.

DESCRIPTION OF EMBODIMENTS

[0051] Hereinafter, embodiments of the invention will be
described with reference to the attached drawings.

Embodiment 1

[0052] A fuel cell is, for example, a solid polymer electro-
lyte type fuel cell (PEFC), and generates electric power, heat,
and water at the same time by allowing a hydrogen-contain-
ing fuel gas and an oxygen-containing oxidant gas such as air
to electrochemically react with each other.

[0053] FIG. 1 shows an exploded perspective diagram
schematically illustrating a partial structure of fuel cell stack
1, that is, an example of the polymer electrolyte type fuel cell
(PEFC).
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[0054] As shown in FIG. 1, fuel cell stack 1 includes a
plurality of single cell modules (cell) 2, and these modules are
stacked in series. Fuel cell stack 1 includes a plurality of
single cell modules (cells) 2, and a pair of current collector
plates 3 and a pair of end plates 4 that are disposed at both
ends. Fastening of fuel cell stack 1 is carried out using four
fastening bolts 7 that penetrate through volt holes 6, respec-
tively, and four nuts 8.

[0055] Current collector plates 3 are disposed on both sides
of a stack of single cell modules 2. Each current collector
plate 3 is a member that efficiently collects electricity gener-
ated by the single cell modules. Current collector plate 3 is a
copper plate that is plated with, for example, gold. In addition,
current collector plate 3 may be a metallic plate with satis-
factory electric conductivity, for example, a metallic plate of
iron, stainless steel, aluminum, or the like. In addition, current
collector plate 3 may be subjected to a surface treatment such
as tin plating and nickel plating.

[0056] Each end plate 4 using an electrically insulating
material is disposed at an outer side of current collector plate
3. End plate 4 also functions as an insulating plate. For
example, the end plate 4 is manufactured by injection-mold-
ing a polyphenylene sulfide resin.

[0057] Spring 5 is disposed at an inner side of end plate 4.
Spring 5 applies a load to the stack of single cell modules 2.
Spring 5 is disposed at the central region of end plate 4 so as
to easily apply the load to a power generation region of MEA
10. The load due to spring 5 is adjusted by a fastening pressure
of fastening volts 7 and nuts 8 during assembling of fuel cell
stack 1.

[0058] End plate 4 is integrally molded with a pair of pipes
30A, pipes 30C, and pipes 30W. Pipes 30A, pipes 30C, and
pipes 30W communicate with manifold holes 12 (12A, 12C,
and 12W) of single cell modules 2, respectively.

[0059] Each single cell module 2 includes electrolyte mem-
brane-electrode-frame assembly 14 having frame 9 at a
peripheral portion of MEA 10, a pair of conductive separators
(including anode side separator 11A and cathode side sepa-
rator 11C) that interposes electrolyte membrane-electrode-
frame assembly 14 therebetween, and cooling water separator
11W.

[0060] Bolt holes 6 and manifold holes 12 (12A, 12C, and
12W) are formed in frame 9 and separators 11 (11A,11C, and
11W), respectively, frame 9 being disposed at the peripheral
portion of MEA 10 constituting electrolyte membrane-elec-
trode-frame assembly 14. Manifold holes 12 include a pair of
penetration holes 12A through which a fuel gas flows, a pair
of'penetration holes 12C through which an oxidant gas flows,
and a pair of penetration holes 12W through which cooling
water flows. In the stack of single cell modules 2, boltholes 6
communicate with each other, and the manifold holes com-
municate with each other.

[0061] Anode side separator 11A and cathode side separa-
tor 11C have a flat plate shape, and a surface (inner surface)
thereof on a side that comes into contact with MEA 10 is
shaped in conformity with a shape of MEA 10. Furthermore,
fuel gas flow channel groove 13A is formed on the inner
surface of the anode side separator 11 A, and also an oxidant
gas flow channel groove 13C is formed on the inner surface of
the cathode side separator 11C. And further, cooling water
flow channel groove 13W is formed on the surface of sepa-
rator 11W.

[0062] Each of separators 11 is formed from a gas non-
permeable conductive material, and for example, a member
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obtained by cutting a resin-impregnated carbon material into
apredetermined shape, a member that is obtained by molding
a mixture of carbon powders and a resin material, or a mem-
ber that is obtained by shaping a metal are generally used.
[0063] When the plurality of single cell modules 2 are
stacked, manifold holes 12A communicate with each other to
form a fuel gas manifold, manifold holes 12C communicate
with each other to form an oxidant gas manifold, and mani-
fold holes 12W communicate with each other to form a cool-
ing water manifold.

[0064] Although not shown in FIG. 1, a gasket is disposed
between separators 11 (11A and 11C) and frame 9. The gasket
is constituted by an elastic body. It is preferable that the gasket
is formed integrally with each of separators 11. The gasket is
pressed in fuel cell stack 1 so as to deform in correspondence
with a shape of frame 9 of MEA 10, and as a result the gasket
seals an outer periphery of MEA 10 or an outer periphery of
manifold holes 12. According to this sealing, the fuel gas, the
oxidant gas and the cooling water are prevented from being
leaked from a gap between adjacent single cell modules 2, or
a connection portion of respective manifold holes 12.

[0065] FIGS. 2 to 4 show a configuration of electrolyte
membrane-electrode-frame assembly 14 (refer to FIG. 1).
[0066] FIG. 2B shows a top view of electrolyte membrane-
electrode-frame assembly 14. FIG. 2A shows a partial cross-
sectional diagram of MEA 10 of electrolyte membrane-clec-
trode-frame assembly 14.

[0067] As shown in the partial cross-sectional diagram of
FIG. 2A, MEA 10 includes polymer electrolyte membrane 15
that selectively transports hydrogen ions, catalyst layer (an-
ode catalystlayer) 16 that is disposed on an anode surface side
of'polymer electrolyte membrane 15, and catalyst layer (cath-
ode catalyst layer) 17 that is disposed on a cathode surface
side of polymer electrolyte membrane 15.

[0068] As electrolyte membrane 15, a solid polymer mate-
rial that exhibits proton conductivity, for example, pertluoro-
sulfonic acid membrane (Nafion membrane manufactured by
Du Pont Kabushiki Kaisha) can be generally used. Catalyst
layer (anode catalyst) 16 may be a catalyst layer containing
carbon powders on which a platinum-ruthenium alloy cata-
lyst is supported, as a main component. Catalyst layer (cath-
ode catalyst) 17 may be a catalyst layer containing carbon
powders on which a platinum catalyst is supported, as a main
component.

[0069] Furthermore, gas diffusion layer (GDL) 18 is lami-
nated in MEA 10, gas diffusion layer (GDL) 18 being dis-
posed at outer sides of catalyst layer (anode catalyst) 16 and
catalyst layer (cathode catalyst) 17, and having both fuel gas
or oxidant gas permeability and electron conductivity. Gas
diffusion layer (GDL) 18 may be or may not be integrated
with electrolyte membrane 15, catalyst layer (anode catalyst)
16, and catalyst layer (cathode catalyst) 17.

[0070] FIG. 3 shows a top view of electrolyte membrane-
electrode-frame assembly 14. A region surrounded by “line
A” is a region in which electrolyte membrane 15 and catalyst
layers 16 and 17 are disposed. A region surrounded by “line
B” is a region in which gas diffusion layer (GDL) 18 is
disposed. “Line C” represents an inner peripheral side of
frame 9. A region surrounded by “line D” is a power genera-
tion region.

[0071] FIGS. 4A and 4B show partial cross-sectional dia-
grams of single cell module 2 (refer to FIG. 1), which includes
a cross-section taken along a line D-D of electrolyte mem-
brane-electrode-frame assembly 14 in FIG. 2. FIG. 4A shows
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a partial cross-sectional diagram illustrating an exploded
state of single cell module 2. FIG. 4B shows a partial cross-
sectional diagram illustrating a state of single cell module 2
assembled into fuel cell stack 1.

[0072] As shown in FIGS. 4A and 4B, electrolyte mem-
brane-electrode-frame assembly 14 includes electrolyte
membrane 15 in which catalyst layers 16 and 17 are laminated
on both surfaces thereof, and a picture-frame-shaped frame 9
into which a peripheral portion of electrolyte membrane 15 is
inserted. In addition, in FIGS. 4A and 4B, catalyst layers 16
and 17 are omitted.

[0073] Frame9 may be aresin molded product. In addition,
frame 9 may be obtained by bonding two frame precursors
with the peripheral portion of electrolyte membrane 15 inter-
posed therebetween. The bonding of the two frame precursors
is performed by disposing a bonding portion 19 on a bonding
surface. The bonding portion 19 may be a resin molded prod-
uct, or may be constituted by an adhesive or the like. When the
two frame precursors are bonded, electrolyte membrane 15
on which catalyst layers 16 and 17 are laminated and frame 9
are integrated with each other, whereby a catalyst layer-at-
tached electrolyte membrane-frame assembly is obtained.
[0074] A pair of gas diffusion layers (GDLs) 18 is disposed
on both surfaces of the catalyst layer-attached electrolyte
membrane-frame assembly, respectively. Each gas diffusion
layers (GDLs) 18 is laminated on frame 9 so as to overlap the
inner peripheral portion of frame 9. In this way, electrolyte
membrane 15 is inserted in frame 9, and then gas diffusion
layers (GDLs) 18 are joined.

[0075] With this configuration, when disposing bonding
portion 19, it is not necessary to apply an excessive pressure
(for example, a molding pressure) to electrolyte membrane
15. Furthermore, since the pressure for disposing (laminat-
ing) the pair of gas diffusion layers (GDLs) 18 is weak, an
excessive pressure is not applied to electrolyte membrane 15.
As a result, electrolyte membrane-electrode-frame assembly
14 may be manufactured without applying an excessive pres-
sure to electrolyte membrane 15, and thus durability of MEA
10 of electrolyte membrane-electrode-frame assembly 14
may be increased.

[0076] As shown in FIG. 4A, in electrolyte membrane-
electrode-frame assembly 14, a thickness of a part (convex
portion E) of the inner peripheral portion of frame 9, into
which electrolyte membrane 15 is inserted, is set to be larger
than a thickness of the outer peripheral portion thereof. Gas
diffusion layers (GDLs) 18 ride on convex portion E with a
large thickness. In addition, as shown in FIG. 4B, in single
cell module 2 assembled into fuel cell stack 1, gas diffusion
layers (GDLs) 18 placed on the inner peripheral portion of
frame 9 are configured to fill a space (gap) between separator
11 and frame 9.

[0077] When gas diffusion layers (GDLs) 18 are disposed
to ride on the inner peripheral portion of frame 9 as described
above, electrode membrane 15 to which the catalyst layers are
bonded may be prevented from being exposed. Electrolyte
membrane 15, which is exposed, may come into direct con-
tact with a gas, and thus may deteriorate. Electrolyte mem-
brane 15 of the MEA according to Embodiment 1 is prevented
from deteriorating, and thus durability thereof is improved.
[0078] Furthermore, when gas diffusion layers (GDLs) 18
are disposed to ride on the inner peripheral portion of frame 9,
a gap between separator 11 and frame 9 on an outer side in
relation to the power generation region (in FIG. 3, the region
surrounded by the line D) is filled with gas diffusion layer
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(GDL) 18 thatis composed of elastic body. Accordingly, a gas
is prevented from being leaked to the outside of the power
generation region, and a cross leakage is suppressed in which
the gas goes around from an anode electrode to a cathode
electrode through an end surface of electrolyte membrane 15.
[0079] FIG. 5 shows a cross-section, which is taken along a
line G-G of electrolyte membrane-electrode-frame assembly
14 shown in FIG. 3, in a case of assuming that the inner
peripheral portion of frame 9 has the same height over the
entire periphery. The case in which the inner peripheral por-
tion of frame 9 has the same height over the entire periphery
can mean that convex portion E is formed along the inner
peripheral portion of frame 9 over the entire periphery.
[0080] In the case where the inner peripheral portion of
frame 9 has the same height over the entire periphery, gas
diffusion layers (GDLs) 18, which ride on the inner periph-
eral portion of frame 9, are twisted or overlap each other at
corner portion X of the inner peripheral portion of frame 9.
Therefore, the thickness of single cell module 2 at the corner
portion X increases (refer to FIG. 5). As a result, aload that is
necessary to fasten fuel cell stack 1 becomes excessive, or an
excessive load is applied to the region (corner portion) at
which gas diffusion layers (GDLs) 18 overlap each other or
are twisted. Due to this, there is a concern that electrolyte
membrane 15 and gas diffusion layer (GDL) 18 may be
fractured.

[0081] FIG. 6 shows an exploded diagram of electrolyte
membrane-electrode-frame assembly 14 of Embodiment 1.
FIG. 6 illustrates configurations of corner portion X of the
inner peripheral portion of frame 9 and a part of gas diffusion
layers (GDLs) 18. Due to the configuration illustrated in FIG.
6, even when the overlapping and twisting of gas diffusion
layers (GDLs) 18 occur at corner portion X shown in FIG. 5,
an excessive load is not likely to be applied to the corner
portion X. That is, electrolyte membrane 15 and gas diffusion
layers (GDLs) 18 are not likely to be fractured. Hereinafter, a
reason thereof will be described.

[0082] FIG. 6 shows a schematic diagram in which a range
of electrolyte membrane-electrode-frame assembly 14 sur-
rounded by a line H in FIG. 3 is exploded and enlarged. A
portion of frame 9, the portion being along a linear side of the
inner peripheral portion of frame 9, protrudes in a front direc-
tion that is orthogonal to a paper plane, so as to constitute
convex portion E. On the other hand, the height of corner
portion X of the inner peripheral portion of frame 9 is set to be
the same as the height of the outer peripheral portion of frame
9. That is, the height of corner portion X of the inner periph-
eral portion of frame 9 is configured to be lower than the
height of convex portion E along the linear side portion of the
inner peripheral portion of frame 9.

[0083] A dotted line of FIG. 6 indicates a region in which
gas diffusion layers (GDLs) 18 are disposed. Gas diffusion
layers (GDLs) 18 are disposed to ride on convex portion E
along the linear side portion of the inner peripheral portion of
frame 9.

[0084] FIG. 7 shows a cross-sectional diagram along a line
I-1 of electrolyte membrane-electrode-frame assembly 14 in
FIG. 6. FIG. 8 shows a cross-section, which is taken along the
line G-G (refer to FIG. 3), of the corner portion of the elec-
trolyte membrane-electrode-frame assembly 14 of Embodi-
ment 1.

[0085] AsshowninFIG. 7, the height of corner portion X of
the inner peripheral portion of frame 9 is the same as the
height of the outer peripheral portion of frame 9. That is, the
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height of corner portion X of the inner peripheral portion of
frame 9 is configured to be lower than the height of convex
portion E along the linear side portion of the inner peripheral
portion of frame 9. Accordingly, as shown in FIG. 8, even
when gas diffusion layers (GDLs) 18 overlap each other or are
twisted at corner portion X of the inner peripheral portion of
frame 9, the thickness of single cell module 2 does not
increases, and may be set to a predetermined thickness.
[0086] Inthis manner, when the thickness of corner portion
X of the inner peripheral portion of frame 9 on which gas
diffusion layers (GDLs) 18 ride is set to be smaller than the
thickness of convex portion E of the linear side portion of the
inner peripheral portion of frame 9, the thickness of single
cell module 2 is set to be maintained in a predetermined
thickness, even when gas diffusion layers (GDLs) 18 overlap
each other or are twisted at corner portion X. As a result, a
fastening load of fuel cell stack 1 may be appropriately main-
tained, and thus an excessive load is not applied to frame 9 or
electrolyte membrane 15, and fracture of electrolyte mem-
brane 15 and gas diffusion layers (GDLs) 18 is suppressed. As
aresult, durability of the single cell module may be increased.
[0087] A range of corner portion X of the inner peripheral
portion of frame 9 will be described with reference to FI1G. 9.
Similarly to FIG. 6, FIG. 9A shows a schematic diagram of
frame 9 within a range surrounded by the line H of electrolyte
membrane-electrode-frame assembly 14 in FIG. 3. FIG. 9B
shows a cross-sectional diagram taken along a line K-K in
FIG. 9A.

[0088] As shown in FIG. 9A, a corner portion of the inner
peripheral portion of frame 9 is set in a square region sur-
rounded by a dotted line J. In addition, as shown in FIG. 9B,
the thickness of the convex portion along the linear portion of
the inner peripheral portion of frame 9 is set to a “thickness j.”
It is preferable that a length of one side of the square region
surrounded by the dotted line J be 1 to 10 times the “thickness
j.” In Embodiment 1, the length of the one side of the square
region, which constitutes the corner portion and is surrounded
by the dotted line J, is set to five times the “thickness j.”” It is
preferable that a gap space between separator 11 and frame 9
be small. Therefore, it is preferable that an area of the square
region, which is the corner portion of the inner peripheral
portion of frame 9 and is surrounded by the dotted line J, be
set to be small within a range with which the thickness of
single cell module 2 at the corner portion does not increase
due to overlapping of gas diffusion layers (GDLs) 18.

Embodiment 2

[0089] FIG. 10A illustrates a configuration of corner por-
tion X of an inner peripheral portion of frame 9 in electrolyte
membrane-electrode-frame assembly 14 according to
Embodiment 2. With the configuration of Embodiment 2,
overload or deterioration of MEA 10 due to overlapping of
gas diffusion layers (GDLs) 18 is suppressed.

[0090] Both an inner peripheral edge of corner portion X of
the inner peripheral portion of frame 9 in electrolyte mem-
brane-clectrode-frame assembly 14 shown in FIG. 10A, and
an outer edge of the corner portion of gas diffusion layers
(GDLs) 18 have an arc shape. Similarly to Embodiment 1,
even when gas diffusion layers (GDLs) 18 are twisted or
overlap each other at corner portion X of the inner peripheral
portion of frame 9, the thickness of single cell modules 2 may
be maintained to a predetermined thickness. Accordingly, a
fastening load of fuel cell stack 1 may be appropriately main-
tained, and thus an excessive load is not applied to frame 9 or
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electrolyte membrane 15. As a result, durability of the single
cell module may be increased. Furthermore, in Embodiment
2, since the inner peripheral side of corner portion X of the
inner peripheral portion of frame 9 has the are shape, resin
molding of frame 9 becomes easy.

Embodiment 3

[0091] FIG. 10B illustrates a configuration of corner por-
tion X of an inner peripheral portion of frame 9 in electrolyte
membrane-electrode-frame assembly 14 according to
Embodiment 3. With the configuration of Embodiment 3,
overload due to overlapping of gas diffusion layers (GDLs)
18 or deterioration of MEA 10 is suppressed.

[0092] Protrusion Y having the same height as the convex
portion of the linear side portion of the inner peripheral por-
tion of frame 9 is provided at a part of corner portion X of the
inner peripheral portion of frame 9 in electrolyte membrane-
electrode-frame assembly 14 shown in FIG. 10B. Similarly to
Embodiment 1, even when gas diffusion layers (GDLs) 18 are
twisted or overlap each other at corner portion X of the inner
peripheral portion of frame 9, the thickness of single cell
modules 2 may be maintained to a predetermined thickness.
Accordingly, a fastening load of fuel cell stack 1 may be
appropriately maintained, and thus an excessive load is not
applied to frame 9 or electrolyte membrane 15. As a result,
durability of the single cell module may be increased. Fur-
thermore, in Embodiment 3, since protrusionY is provided at
a part of corner portion X of the inner peripheral portion of
frame 9, there is an advantage in that alignment of gas diffu-
sion layers (GDLs) 18 becomes easy.

Examples

[0093] Description will be made with respect to manufac-
turing of the polymer electrolyte type fuel cell related to
Embodiment 2 described above. First, a polymer electrolyte
membrane was obtained by punching, for example, a resin
material (Nafion (registered trademark) N-117, manufac-
tured by Du Pont Kabushiki Kaisha) having a thickness of 50
micro meter using a Thomson mold.

[0094] An anode catalyst layer and a cathode catalyst layer
were formed on both surfaces of the obtained polymer elec-
trolyte membrane using an applying method, whereby a cata-
lyst layer-attached electrolyte membrane was obtained. The
anode catalyst layer and the cathode catalyst layer were
formed at the central portion of the polymer electrolyte mem-
brane instead of being formed on the entire surface thereof,
and were not formed in the vicinity of'an outer peripheral side.

[0095] Next, modified polyphenylene ether (modified PPE)
was resin-molded to prepare two frame precursors. A periph-
eral portion of the catalyst-attached electrolyte membrane
was interposed between the two frame precursors. As shown
in FIG. 4, the bonding portion 19 made of the modified PPE
was resin-molded on the bonding surface, and the two frame
precursors were bonded to each other. In this manner, a cata-
lyst layer-attached electrolyte membrane-frame assembly
was obtained.

[0096] The thickness of the outer peripheral portion of the
frame was set to 0.8 mm, and the height j (refer to FIG. 9B) of
convex portion E of the linear side portion of the inner periph-
eral portion of the frame was set to 0.5 mm. The width of
convex portion E was set to 2.5 mm. One side of the range
(region surrounded by the dotted line J) of corner portion X
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was set to 3.5 mm. Inaddition, the inner peripheral edge of the
corner portion was set to an arc shape (refer to FIG. 10A).
[0097] The gas diffusion layers were bonded to both sur-
faces of the catalyst layer-attached electrolyte membrane-
frame assembly on an anode side and a cathode side, respec-
tively, whereby an electrolyte membrane-electrode-frame
assembly was obtained. An area of the gas diffusion layer was
set to be the same as an area of the catalyst layer that was
formed using the application method. According to this, as
indicated by the dotted line in FIG. 10A, the gas diffusion
layer (GDL) was laminated to ride on convex portion E up to
an outer peripheral edge of convex portion E. In addition, the
gas diffusion layer (GDL) was constituted by a diffusion layer
containing carbon as a main component and having porosity
of approximately 50%.

[0098] The electrolyte membrane-electrode-frame assem-
bly that was prepared as described above was interposed
between an anode side separator and a cathode side separator,
whereby a single cell module was obtained. 50 single cell
modules were stacked, and metallic current collector plate 3,
and end plate 4 formed from an electrically insulating mate-
rial and functioning also as an insulating plate were disposed
at both end portions of the stacked single cell modules,
respectively (refer to FIG. 1). Furthermore, these components
were fixed with fastening bolt 7 and nut 8, whereby a polymer
electrolyte type fuel cell was obtained.

[0099] Pressure sensitive paper was disposed on an inter-
face between electrolyte membrane-electrode-frame assem-
bly 14 and separator 11 in an arbitrary single cell module
contained in the polymer electrolyte type fuel cell. Two kinds
of pressure sensitive paper in which a pressurized portion
shows a red color was used, one is a paper for super ultra-low
pressure (0.2 to 0.6 MPa) and the other is paper for ultra-low
pressure (0.5 to 2.5 MPa)

[0100] As a result thereof, it could be seen that a surface
pressure of 90% or more of a fastening load was applied to the
power generation region surrounded by the line D (refer to
FIG. 3) and the gasket of the separators. On the other hand, the
load applied to the gas diffusion layer (GDL) that rode on the
inner peripheral portion of the frame was 10% or less of the
fastening load. In addition, an excessive surface pressure was
not applied to the corner portion of the inner peripheral por-
tion of the frame.

[0101] It was confirmed that an excessive pressure was not
applied to a large thickness site (convex portion E) of the inner
peripheral portion of the frame or a site thereof on which the
gas diffusion layer (GDL) rode, and a corner portion of the
inner peripheral portion of the frame. And also, it was con-
firmed that the membrane or the like did not deteriorate.

INDUSTRIAL APPLICABILITY

[0102] The solid polymer electrolyte type fuel cell related
to the invention may be manufactured without applying a
molding pressure to an electrolyte membrane and a gas dif-
fusion layer (GDL). Accordingly, deterioration of the elec-
trolyte membrane and the gas diffusion layer (GDL) is sup-
pressed. Furthermore, according to the solid polymer
electrolyte type fuel cell related to the invention, deterioration
of the electrolyte membrane due to an excessive fastening
load may be suppressed. Therefore, the invention may
improve the performance of the polymer electrolyte type fuel
cell.

[0103] The solid polymer electrolyte type fuel cell related
to the invention is useful as a fuel cell that is used in, for
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example, a portable power supply, a power supply for an
electric vehicle, an in-house cogeneration system, and the
like.

REFERENCE SIGNS LIST

[0104] 101 MEA

[0105] 102 Reinforcing frame

[0106] 103 Liquid rubber

[0107] 104 Gas diffusion layer (GDL)

[0108] 201 Electrolyte membrane-catalyst laminated body

[0109] 202 Catalyst layer

[0110] 203 Electrolyte membrane

[0111] 204 Reinforcing sheet

[0112] 1 Fuel cell stack

[0113] 2 Single cell module (cell)

[0114] 3 Current collector plate

[0115] 4 End plate

[0116] 5 Spring

[0117] 6 Bolt hole

[0118] 7 Fastening bolt

[0119] 8 Nut

[0120] 9 Frame

[0121] 10 MEA

[0122] 11 Separator

[0123] 11A Anode side separator

[0124] 11C Cathode side separator

[0125] 11W Cooling water separator

[0126] 12 Manifold hole

[0127] 13A Fuel gas flow channel groove

[0128] 13C Oxidant gas flow channel groove

[0129] 13W Cooling water flow channel groove

[0130] 14 Flectrolyte membrane-clectrode-frame assem-
bly

[0131] 15 Polymer electrolyte membrane (electrolyte

membrane)

[0132] 16 Catalyst layer (anode catalyst)

[0133] 17 Catalyst layer (cathode catalyst)

[0134] 18 Gas diffusion layer (GDL)

[0135] 19 Bonding portion of frame

[0136] 20 Catalyst layer-attached electrolyte membrane-

frame assembly
[0137] 21 Gasket

1. A solid polymer electrolyte type fuel cell comprising
stacked single cell modules, wherein each of the single cell
modules comprises:

an electrolyte membrane-electrode-frame assembly that

includes a catalyst layer-attached electrolyte membrane
having a polymer electrolyte membrane, an anode cata-
lyst provided on one surface of the polymer electrolyte
membrane, and a cathode catalyst provided on the other
surface of the polymer electrolyte membrane, and a
frame that is disposed at a peripheral portion of the
catalystlayer-attached electrolyte membrane, includes a
gas supply portion configured to supply a fuel gas and an
oxidant gas to the anode catalyst and the cathode cata-
lyst, respectively, and has a rectangular inner periphery;
a pair of separators that interposes the electrolyte mem-
brane-electrode-frame assembly therebetween from the
anode side and the cathode side; and

a pair of gas diffusion layers that is disposed between the

pair of separators and the electrolyte membrane-elec-
trode-frame assembly, and are laminated to cover an
inner peripheral portion of the frame,
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wherein a thickness of at least a part of a corner portion of
the inner peripheral portion of the frame is smaller than
athickness of'a linear side portion of the inner peripheral
portion of the frame, and

the gas diffusion layers placed on the inner peripheral
portion fill a space formed at the corner portion.

2. The solid polymer electrolyte type fuel cell according to

claim 1,

wherein an inner periphery of the corner portion of the
inner peripheral portion of the frame has an arc shape.

3. The solid polymer electrolyte type fuel cell according to

claim 1,

wherein a convex portion is disposed in the corner portion
of the inner peripheral portion of the frame, the convex
portion protruding in a direction in which the single cell
modules are stacked, and

the gas diffusion layer is disposed to cover the convex
portion.

4. An electrolyte membrane-electrode-frame assembly,

comprising:

a catalyst layer-attached electrolyte membrane including a
polymer electrolyte membrane, an anode catalyst pro-
vided on one surface of the polymer electrolyte mem-
brane, and a cathode catalyst provided on the other sur-
face of the polymer electrolyte membrane; and

a frame that is disposed at a peripheral portion of the
catalyst layer-attached electrolyte membrane, includes a
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gas supply portion configured to supply a fuel gas and an
oxidant gas to the anode catalyst and the cathode cata-
lyst, respectively, and has a rectangular inner periphery,
wherein a thickness of at least a part of a corner portion of
an inner peripheral portion of the frame is smaller than a
thickness of a linear side portion of the inner peripheral
portion of the frame, and
the gas diffusion layers placed on the inner peripheral
portion fill a space formed at the corner portion.
5. The electrolyte membrane-electrode-frame assembly
according to claim 4,
wherein an inner periphery of the corner portion of the
inner peripheral portion of the frame has an arc shape.
6. The electrolyte membrane-electrode-frame assembly
according to claim 4,
wherein a convex portion is disposed in the corner portion
of the inner peripheral portion of the frame, the convex
portion protruding in a direction in which the single cell
modules are stacked, and
the gas diffusion layer is disposed to cover the convex
portion.
7. The electrolyte membrane-electrode-frame assembly
according to claim 4,
wherein the gas diffusion layer is laminated to cover the
inner peripheral portion of the frame.
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