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(57) Abréegée/Abstract:
Provided Is a bonded sheet In which gas bubble retention can be limited, and a sheet member-bonding method with which gas
bubble retention can be limited. The bonded sheet (70), which Is used in a MEA (20), comprises gaskets (40, 60), which are first
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(57) Abrege(suite)/Abstract(continued):
sheet members (71), and an electrolyte membrane (21), which Is a second sheet member (72) that Is laminated on the gaskets.

The gaskets comprise first bonding sections (81) wherein at least a portion of grooves (83) provided In the plane of the sheet meet
the sheet edge (73, 74), and second bonding sections (82) that do not have grooves. The electrolyte membrane Is laminated on

the gaskets in the first bonding sections and the second bonding sections.
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Abstract

[Abstract]

V]

[Object] To provide a bonded sheet that can suppress remaining otf

bubbles and a sheet-member bonding method that can suppress remalning

5 of bubbles.

[Solution Means] A bonded sheet 70 to be applied to an MEA 20 includes
gaskets 40 and 60 serving as a first sheet member /1, and an

electrolyte membrane 21 serving as a second sheet member 72 stacked

on the gaskets. The gaskets each include a first bonded portion 81

10 where grooves 83 provided in a sheet surface direction at least partly

face sheet end portions 73 and 74, and a second bonded portion 82

having no groove. The electrolyte membrane is stacked on the gaskets

in the first bonded portion and the second bonded portion.

[Selected Figure] Fig. 7
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Description
[Title of Invention] FUEL-CELL GASKET, FUEL-CELL BONDED ASSEMBLY,

AND SHEET-MEMBER BONDING METHOD
Technical Field]
[0001]

The present 1nvention relates to a fuel-cell gasket, a

fuel-cell bonded assembly, and a sheet-member bonding method.
|Background Art]
[0002 ]

In response to recent social demands and trends in the context
of energy and environment problems, fuel cells capable of operating
even at ordinary temperature and obtaining high output density have
attracted attention as a power supply for an electric car and a
stationary power supply. A fuel cell is a clean power generation
system 1in which an electrode reaction product is water in principle

and which reduces the load on the global environment. In particular,

a polymer electrolyte fuel cell (PEFC) 1s expected as a power supply
for an electric car because 1t operates at relatively low
temperature.

(0003]

A membrane electrode assembly (MEA, hereinafter also referred

to as MEA) included in a single cell of a fuel cell includes an

electrolyte membrane where a catalyst layer is disposed, and
frame-shaped gaskets disposed on opposite surfaces of the

electrolyte membrane. The gaskets are positioned to surround the

catalyst layer of the electrolyte membrane, and have the function

of preventing fuel gas and oxidant gas supplied to the catalyst layer

from leaking outside.
[0004]

As a technique of suppressing remaining of bubbles between a
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plurality of sheet members when stacking (bonding) the sheet members,
a resin sheet having through holes i1s known (see, for example, Patent
Literature 1).
[Citation Lists]
[Patent Literature]
[0005]
[Patent Literature 1]
International Publication No. WO 2004/061032
[Summary of Invention]

[Technical Problem]

[0006]

Even if the resin sheet of Patent Literature 1 1s applied to
the gaskets in the MEA, there 1s an area where bubbles cannot be
removed by the through holes, and it 1is difficult to suppress
remaining of the bubbles.

[0007]

Owing to the remaining bubbles, the area surrounded by the
gaskets sometimes communicates with the outside of the gaskets.
Alternatively, projections are sometimes formed 1n the gaskets by
the remaining bubbles, and the projections reduce the adhesion
between the gaskets and separators. These may cause fuel gas and
oxldant gas supplied to the catalyst layer to leak outside.
[0008]

The present invention has been made to solve the problems of
the above-described related art, and an object of the invention is
to provide a fuel-cell gasket and a fuel-cell bonded assembly that
can suppress remaining of bubbles and a sheet-member bonding method

that can suppress remaining of bubbles.

- ANt A i A v ——r—— | o -
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([Solution to Problem]
[0009]

A fuel-cell gasket according to the present invention for
achieving the above object is stacked on an outer peripheral edge
of an electrolyte membrane and includes a sheet-shaped base material.
The base material includes a first bonded portion where grooves
provided in a sheet surface direction at least partly face an end
portion of the base material and a second bonded portion having no
groove. The fuel-cell gasket is stacked on the electrolyte membrane
in the first bonded portion and the second bonded portion of the base
material.

A fuel-cell gasket according to the present invention for
achieving the above object is stacked on an outer peripheral edge
of an electrolyte membrane and includes a sheet-shaped base material
and an adhesive layer provided on the base material and containing
a bonding member. The adhesive layer includes a first bonded portion
where grooves provided in a sheet surface direction at least partly
face an end portion of the base material and a second bonded portion
having no groove. The fuel-cell gasket is stacked on the electrolyte

membrane in the first bonded portion and the second bonded portion

guten

of the adhesive lavyer.

A fuel-cell bonded assembly according to the present invention
for achieving the above object is stacked on an outer peripheral edge

of an electrolyte membrane.

[0010]

In a sheet-member bonding method according to the present
invention for achieving the above object, a stack sheet 1s prepared
by stacking, on a second sheet member, a first sheet member including
a first bonded portion where grooves provided in a sheet surface

direction at least partly face a sheet end portion and a second bonded
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portion having no groove. Next, a pressing memper configured to
pressurize the stack sheet in a stacking direction is pressed against
the second bonded portion of the stack sheet. Then, the pressed
pressing member is moved from the second bonded portion to the first
bonded portion in a degassing process.

[Brief description of drawings]

[0011]

Fig. 1 is a cross-sectional view illustrating a cell structure

of a fuel cell.

Fig. 2 is a plan view of an electrolyte membrane and gaskets
illustrated in Fig. 1.

Fig. 3 is a cross-sectional view of a bonded sheet in which
the gaskets and the electrolyte membrane are stacked, taken along
line 3-3 of Fig. 2.

Fig. 4 is a perspective view illustrating a state in which an
adhesive layer is provided on a base material that forms a body part

of a gasket.

Fig. 5 is a plan view of the gasket whose adhesive layer side
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appears on the front side.

Fig. 6(A) 1s a cross-sectional view taken along line 6A-0A of

Fig. 4.

Fig. 6(B) 1s an enlarged view of a section 6B encircled by a

two-dot chain line of Fig. 6 (A), 1llustrating a cross—-sectional shape

F

of grooves 1n an enlarged manner.

Fig. o (C) 1s an enlarged view 1llustrating another

cross—-sectional shape of grooves.

Figs. 7(A) to 7(C) are explanatory views 1llustrating a

procedure for bonding the gaskets and the electrolyte membrane.

Fig. 8 includes cross—-sectional views illustrating

modifications of sheet members.

Fig. 9 1s a cross-sectional view 1llustrating modifications

of grooves.

Fig. 10 1is a cross-sectional view 1llustrating a modification

of a pressing member.

[Description of Embodiments]

[0012]

An embodiment of the present invention will be described below

with reference to the attached drawings. In the description of the

drawings, the same elements are denoted by the same reference

numerals, and redundant descriptions thereof are skipped. The

dimensional ratios in the drawings are exaggerated for convenience

of explanation, and are different from actual ratios.
[0013]

Fig. 1 is a cross—-sectional view 1llustrating a cell structure

of a fuel cell. Fig. 2 1s a plan view of an electrolyte membrane
21 and gaskets 40 and 60 1llustrated in Fig. 1.

10014 ]

Referring to Fig. 1, a singlecell 10 1s applied to, for example,
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a polymer electrolyte fuel cell (PEFC) using hydrogen as fuel, and

includes an MEA 20 and separators 31 and 32.

[0015]

The MEA 20 includes a polymer electrolyte membrane 21, catalyst

layers 22 and 23, gas diffusion layers (GDLs) 24 and 25, a first gasket

40, and a second gasket 60.

[0016]

The catalyst layer 22 contains a catalytic component, a

conductive catalyst carrier for carrying the catalytic component,

and a polymer electrolyte, serves as an anode catalyst layer in which

an oxildation reaction of hydrogen proceeds, and 1s disposed on one

side of the electrolyte membrane 21. The catalyst layer 23 contains

a catalytic component, a conductive catalyst carrier for carrying

the catalytic component, and a polymer electrolyte, serves as a

P

cathode catalyst layer 1n which a reduction reaction of oxygen

F

proceeds, and 1s disposed on the other side of the electrolyte

membrane 2Z21.

10017]

]

The electrolyte membrane 21 has the function of selectively

allowing protons generated by the catalyst layer 22 to pass

therethrough into the catalyst layer 23 and the function as a barrier

that prevents mixture of fuel gas supplied to the anode side and
oxidant gas supplied to the cathode side.

10018]

The gas diffusion layer 24 1is an anode gas diffusion layer that

diffuses the fuel gas supplied to the anode side, and 1s located

between the separator 31 and the catalyst layer 22. The gas diffusion

layer 25 1s a cathode gas diffusion layer that diffuses the oxidant
gas supplied to the cathode side, and 1s located between the separator

32 and the catalyst layer 23.
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[0019]

As i1llustrated in Fig. 2, the first and second gaskets 40 and

60 are each shaped 1like a frame having an aperture 52, and are disposed

on opposite surfaces of an outer peripheral portion of the

electrolyte membrane 21. The gasket 40 i1is positioned to surround

the catalyst layer 22 (and the gas diffusion layer 24), and has the

function of preventing the fuel gas supplied to the catalyst layer

22 from leaking outside. The gasket 60 1s positioned to surround

the catalyst layer 23 (and the gas diffusion layer 25), and has the

function of preventing the oxidant gas supplied to the catalyst layer

23 from leaking outside.

[0020]

The separators 31 and 32 have the function of electrically

connecting the single cell 10 1n series and the function as barriers

for isolating the fuel gas, the oxidant gas, and a refrigerant. Each

of the separators 31 and 32 has almost the same shape as that of the

b

MEA 20, and 1is formed, for example, by press-working a stainless steel

sheet. The stainless steel sheet 1s preferable because of 1ts ease
of complicated machining and high conductivity, and can be subjected
to corrosive-resilistant coating as necessary.

[0021]

The separator 31 1s an anode separator disposed on the anode

side of the MEA 20, 1s opposed to the catalyst layer 22, and has grooves

3la located between the MEA 20 and the separator 31 to form gas

passages. The grooves (gas passages) 3la are used to supply fuel
gas to the catalyst layer 22.

[0022]

The separator 32 1s a cathode separator disposed on the cathode

side of the MEA 20, 1s opposed to the catalyst layer 23, and has grooves

32a located between the MEA 20 and the separator 32 to form gas
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passages. The grooves (gas passages) 32a are used to supply oxidant

gas to the catalyst layer 23.

[002 3]

Next, thematerials, si1zes, and soon of the constituent members

wlll be described in detail.

[0024]

To the electrolyte membrane 21, a fluorine-based electrolyte

membrane formed of a perfluorocarbon sulfonic acid polymer, a

hydrocarbon-based resin membrane contalning a sulfonate group, or

a porous membrane impregnated with an electrolytic component, such

as phosphoric acid or ionic liquid, can be applied. Examples of

perfluorocarbon sulfonic acid polymers are Nafion (registered

trademark, manufactured by Du Pont Kabushiki Kaisha), Aciplex

(registered trademark, manufactured by Asahi Kaseil Corporation), and

Flemion (registered trademark, manufactured by Asahi Glass Co.,

P

Ltd.). The ©porous membrane 1s formed of, for example,

polytetrafluoroethylene (PTFE) or polyvinylidene difluoride (PVDF) .

[0025]

While the thickness of the electrolyte membrane 21 is not

particularly limited, 1t 1s preferably 5 to 300 um, and more

preferably 10 to 200 ym from the viewpolints of strength, durability,

and output characteristics.

[0026]

The catalytic component used 1n the catalyst layer (cathode
catalyst layer) 23 1s not particularly limited as long as i1t catalyzes
a reduction reaction of oxygen. The catalytic component used in the

catalyst layer (anode catalyst layer) 272 1s not particularly limited

as long as 1t catalyzes an oxidation reaction of hydrogen.

(0027]

A specific catalytic component can be selected from, for
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example, metals such as platinum, ruthenium, iridium, rhodium,
palladium, osmium, tungsten, lead, i1ron, chromium, cobalt, nickel,
manganese, vanadium, molybdenum, gallium, and aluminum, and an alloy

of these metals. To enhance catalytic activity, poisoning

resistance to carbon monoxide or the like, heat resistance, etc.,
the catalytic component preferably contains at least platinum. The
catalytic component to be applied does not always need to be equal
between the cathode catalyst layer and the anode catalyst layer, and

can be changed appropriately.

[0028]

While the conductive carrier of the catalyst used in the

catalyst layers 22 and 23 1s not particularly limited as long as it
has a specific surface area such as to carrier the catalytic component
in a desired diffused state and a sufficient electronic conductivity

e

as a current collector, amain component thereof is preferably carbon

particles. For example, the carbon particles are formed of carbon

black, activated carbon, coke, natural graphite, or artificial
graphite.
[0029]

The polymer electrolyte used 1n the catalyst layers 22 and 23

1s not particularly limited as long as it has at least high proton

conductivity. For example, a fluorine-based electrolyte containing

fluorine atoms 1n the entirety or a part of a polymer backbone, or

a hydrocarbon-based electrolyte that does not contain fluorine atoms

1n a polymer backbone 1s applicable. While the polymer electrolyte

used 1n the catalyst layers 22 and 23 may be the same as or different

from the polymer electrolyte used in the electrolyte membrane 21,

1t 1s preferably the same from the viewpoint of enhancement of

adhesion of the catalyst layers 22 and 23 to the electrolyte membrane

21.
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[0030]

The thickness of the catalyst lavers 22 and 23 is not

particularly limited as long as it allows sufficient catalysis of

the oxidation reaction of hydrogen (anode side) and the reduction

P

action of oxygen (cathode side), and a thickness similar to the known

thickness can be used. Specifically, the thickness of the catalyst

layers 1s preferably 1 to 20 um.
[C031]

The gas diffusion layers 24 and 25 are formed by using, as a
base materilial, a conductive and porous sheet-shaped material, for

example, fabric, paper-like paper-makingmaterial, felt, or nonwoven

fabric made of carbon such as glassy carbon. While the thickness

P

of the base material 1s not particularly limited, it is preferably

30 to 500 um from the viewpoints of mechanical strength and

permeability of gas and water. In the gas diffusion layers 24 and

25, the base material preferably contains a water repellent from the

viewpoints of water repellency and suppression of a flooding

phenomenon. Examples of the water repellent are a fluorine-based

polymer material, such as PTFE, PVDF, polyhexafluoropropylene, or

a tetrafluorocethylene-hexafluoropropylene copolymer (FEP) ,

polypropylene, and polyethvylene.
[0032]

The material of the separators 31 and 32 is not limited to a

stainless steel sheet, and other metal materials (for example, an

aluminum plate or a clad material), or carbon, such as dense carbon

graphite or a carbon plate, can be applied. When carbon is applied,

the grooves 3la and 3Z2a can be formed by cutting work or screen
printing.

[0033]

Next, a bonded sheet 70 to be applied to the MEA 20 of this
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embodiment will be described.

[0034]

F1g. 3 1s a cross—sectional view of the bonded sheet 70 in which

the gaskets 40 and 60 and the electrolyte membrane 21 are stacked,

taken along line 3-3 of Fig. 2, Fig. 4 1is a perspective view

1llustrating a state in which an adhesive layer 90 is provided on

a base material 50 that forms a body part of each of the gaskets 40

and 60, and Fig. 5 1is a plan view of the gasket 40 or 60 whose adhesive

layer side appears on the front side. Fig. 6(A) is a cross-sectional

view taken along line 6A-6A of Fig. 4, Fig. 6(B) is an enlarged view

of a section 6B encircled by a two-dot chain line of Fig. 6(34),

P

11llustrating a cross-sectional shape of grooves 83 in an enlarged

form, and Fig. ©6(C) 1s an enlarged view illustrating another

cross—-sectional shape of grooves 83.

[0035]

The bonded sheet 70 to be applied to the MEA 20 will be briefly

described with reference to Figs. 3 to 6. The bonded sheet 70
includes gaskets 40 and 60 serving as a first sheet member 71, and
an electrolyte membrane 21 serving as a second sheet member 72 stacked

on the gaskets 40 and 60. The gaskets 40 and 60 each include first

bonded portions 81 (a general term for bonded portions 8la to 81f)

where grooves 83 (a general term for grooves 83a to 83f) provided

1n a sheet surface direction at least partly face sheet end portions
/3 and /4, and second bonded portions 82 (a general term for second

ponded portions 82a and 82b) where grooves 83 are not provided. The

electrolyte membrane 21 1s stacked on the gaskets 40 and 60 in the

first bonded portions 81 and the second bonded portions 82. 1In the

1llustrated example, the gaskets 40 and 60 are stacked on the

electrolyte membrane 21 with adhesive layers 90 containing bonding

mempers 91 being disposed therebetween. These components will be
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described 1n detail below.

[0036]

The gaskets 40 and 60 each 1nclude a base material 50 that forms

a body part, and an adhesive layer 90 provided on one surface of the
base material 50. The base material 50 1s long shape and is wound

in a roll 51. The base material 50 has apertures 52 the electrolyte

layers 22 and 23 face. The base material 50 1s paid out from the

roll 51 to form an adhesive layer 90 containing a bonding member ©91.

By applying the bonding member 91 from an application device, the
adhesive layer 90 1s formed. The basematerial 50 having the adhesive

layer 90 1s cut out 1n a predetermined size to be used as gaskets

40 and 60.

[0037]

For example, the base material 50 of each of the gaskets 40

and 60 1s formed of a rubber material, a fluorine-based polymer

material, or a thermoplastic resin. Examples of rubber materials

are fluororubber, silicon rubber, ethylene propylene rubber (EPDM),

and polyisobutylene rubber. Examples of fluorine-based polymer

materials are PTFE, PVDF, polyhexafluoropropylene, and FEP.

Examples of thermoplastic resins are polyolefin and polyester.

Polyester 1s, for example, polyethylene terephthalate (PET) or

polyethylene naphthalate (PEN). While the thickness of the gaskets

40 and 60 1s not particularly limited, it is preferably 10 um to 2

mm, and more preferably 20 um to 1 mm.

[0038]
The bonding member 91 contains adhesive. While the adhesive
1s not particularly limited, for example, a hot-melt adhesive serving

as a thermoplastic adhesive can be used.

[0039]

In the adhesive layer 90, the first bonded portions 81 and the
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second bonded portions 82 are provided. As 1i1llustrated 1in an

enlarged view of Fig. 6(B), the grooves 83 are provided only in the

adhesive layer 90, but the grooves 83 are not provided in the base

P

material 50. As a result, the mechanical strength of the gaskets

40 and o0 does not decrease.

The

forming manner of the grooves 83

1s not limited to the manner in which the grooves 83 do not include

the bonding member 91, as i1llustrated in Fig. 6(B). As illustrated

in Fig. 6(C), the amount of bonding member 91 may be partly differed

such that portions having a relatively small amount of bonding

members 91 serve as the grooves 83.

[0040]

The grooves 83 are provided to extend 1n the surface direction

g

of the gaskets 40 and 60 (direction of the plane of paper of Fig.

F
p—

5 or direction orthogonal to the plane of paper of Fig. 6). The

grooves 83 partly face the sheet end portions 73 and 74. The sheet

end portions 1include outer peripheral end portions 73 and inner

peripheral end portions 74 de:

specifically, 1n Fig. 5, upper ends o:

area 1ndicated by the symbol

"8la"

"1ned by the aperture 52. More

- upper grooves 83a 1n an enclosed

face an outer peripheral end

portion 73, and lower ends thereof are located apart from an inner

peripheral end portion 74.

N g

Lower ends of lower grooves 83b 1n an

enclosed area 1ndicated by the symbol "81b" face an outer peripheral

end portion 73, and upper ends thereof

peripheral end portion 74.

gh—

are located apart from an inner

Right ends of left grooves 83c in an

enclosed area 1ndicated by the symbol "81lc" face an inner peripheral

F

end portion 74, and left ends thereof are located apart from an outer

peripheral end portions 73.

Right ends of right grooves 83d in an

enclosed area 1ndicated by the symbol "81d" face an outer peripheral

end portion /3, and left ends thereo:

peripheral end portion 74.

- are located apart from an inner

Right ends of left upper grooves 83e in

12

e b—
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an enclosed area indicated by the symbol "8le" communicate with the

upper grooves 83a, and face the outer peripheral end portion 73 via

the upper grooves 83a. Right ends of left lower grooves 83f i1n an

enclosed area 1ndicated by the symbol "81f" communicate with the

lower grooves 83b, and face the outer peripheral end portion 73 via

the lower grooves 83b.
[0041]

Although the lower ends of the upper grooves 83a and the upper

ends of the lower grooves 83b may face the 1nner peripheral end

portions 74, they are provided apart from the inner peripheral end
portions 74 in this embodiment. This structure is adopted on the

ground that passages through which gas 1s pushed out are ensured

because the upper ends of the upper grooves 83a and the lower ends

of the lower grooves 83b face the outer peripheral end portions 73
and that gas existing close to the inner peripheral end portions 74

can be pushed out from the inner peripheral end portions 74 without

any passage. Further, even 1f the grooves 83a and 83b are left

s

without belng crushed, the 1nside and the outside of the aperture

52 do not communicate with each other. This can reliably prevent

fuel gas and oxidant gas from leaking outside.

10042 ]

The enclosed areas 1indicated by the symbols "8la" to "81f"

correspond to the first bonded portions 81 including the grooves 83

(83a to 83f). The enclosed areas indicated by the symbols "82a" and

"82b" correspond to the second bonded portions 82 that do not include

the grooves 83. In Fig. 5, the second bonded portions 82 are provided

at two right and left positions, that 1s, on the left side of the

left upper, left, and left lower grooves 83 and the left side of the

right grooves 83.

[0043]
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The electrolyte membrane 21 1s stacked on the gaskets 40 and

60 1n the first bonded portions 81 and the second bonded portions
82 to constitute the bonded sheet 70. In the manner illustrated in
Fig. 3, the first bonded portions 81 extend to the outside of an area
overlapping with the electrolyte membrane 21, and the second bonded
portions 82 are provided 1n an area where the gaskets 40 and 60 are
stacked directly. The portion where the gaskets 40 and 60 are

directly stacked also constitutes the bonded sheet 70. This portion

includes the first gasket 40 serving as the first sheet member 71

and the second gasket 60 stacked as the second sheet member 72 on

the first gasket 40.

(0044 ]

A stack sheet 1n which the gaskets 40 and 60 and the electrolyte
membrane 21 are stacked, that 1s, the bonded sheet 70 1s pressurized

1n the stacking direction by a pressing member 100 (see Fig. 7). For

example, the pressing member 100 1s formed by a rotatable roller

member 101. The moving direction of the pressing member 100 is the

right direction in Fig. 5. The illustrated grooves 83 (83a to 83f)

include a form such as to extend 1n the direction parallel to the

P

moving direction of the pressing member 100 and a form such as to

extend to intersect the moving direction of the pressing member 100.

The grooves 83¢c, 83d, 83e, and 83f are provided in the former form,

and the grooves 83a and 83b are provided i1in the latter form. The

second bonded portion 82 on the left side 1s used as a contacting

area against which the pressing member 100 1s pressed. The second
bonded portion 82 on the right side 1s used as a contacting area
against which the moved pressing member 100 1s pressed.

1004 5]

Next, a description will be given of a procedure for bonding

the gaskets 40 and 60 and the electrolyte membrane 21.
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[00406]

Figs. 7(A) to 7(C) are explanatory views illustrating the

procedure for bonding the gaskets 40 and 60 and the electrolyte

membrane 21. For convenience of explanation, the grooves 83 are

5 exaggeratingly i1llustrated in the figures.

(10047 ]

First, as 11llustrated 1n Fig. 7(A), a stack sheet 70 is prepared

by placing, on an electrolyte membrane 21, gaskets 40 and 60 including
first bonded portions 81 having grooves 83 and second bonded portions

10 82 having no grooves 83. The stack sheet 70 is set on a mounting

table 110.

[0048]

Next, as 1llustrated in Fig. 7(B), a pressing member 100 for

pressurizing the stack sheet 70 in the stacking direction is pressed

15 against the second bonded portion 82 of the stack sheet 70.

[0049]

Next, as 1llustrated in Fig. 7(C), the pressed pressing member

100 1s moved from the second bonded portion 82 toward the first bonded

portion 81 to carry out a degassing process of pushing out gas existing

20 between the gaskets 40 and 60 and the electrolyte membrane 21.

[0050]

By moving the pressing member 100, gas existing around the left

grooves 83c 1s pushed out from the inner peripheral end portion 74

through the left grooves 83c. Gas existing around the left upper

25> grooves 83e and the upper grooves 83a is pushed out from the upper
outer peripheral end portion 73 through the upper grooves 83a. Gas
exlsting around the left lower grooves 83f and the lower grooves 83b
1s pushed out from the lower outer peripheral end portion 73 through
the lower grooves 83b. Gas existing between the lower ends of the

30 upper grooves 83a and the inner peripheral end portion 74 and gas
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exlisting between the upper ends of the lower grooves 83b and the i1nner

peripheral end portion 74 exist close to the inner peripheral end

portions 74, and therefore, are pushed out from the 1nner peripheral

end portions 74 even when no grooves 83 are provided.

[0051]

When the pressing member 100 further moves and passes over the

aperture 52, 1t contacts on the right second bonded portion 82

11llustrated 1n Fig. 5. As the pressing member 100 further moves,

gas existing around the right grooves 83d 1s pushed out from the right
outer peripheral end portion 73 through the right grooves 83d.
10052]

When the pressing member 100 moves 1n the first bonded portions
81, the gas 1s pushed out and the grooves 83 1in the first bonded
portions 81 are crushed. Since the grooves 83 are crushed, fuel gas

and oxidant gas do not flow 1nto the first bonded portions 81.

[0053]

All of the grooves 83 are formed 1n a shape such as not to allow

gri—

the 1nside and the outside of the aperture 52 to communicate with

each other. Therefore, even 1f the grooves 83 are left without being

crushed, the inside and the outside of the aperture 52 do not
communicate with each other. This can reliably prevent the fuel gas

and the oxidant gas from leaking outside.

[0054]

When the pressing member 100 pressed against the first bonded

portion 81 having the grooves 83 1s moved from the first bonded

portions 81 in the degassing process, the grooves 83 may be left on

a side of the pressing member 100 opposite from the moving direction

without being crushed, and bubbles may remain between the gaskets

40 and 060 and the electrolyte membrane 21. In contrast, in this

embodiment, the second bonded portion 82 having no groove 83 i1s used
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as the contacting area for the pressing member 100. Hence, even when

the pressed pressing member 100 is moved, bubbles can be prevented

from remaining in the second bonded portion 82.
[0055]

Since remaining of bubbles can be suppressed, the area
surrounded by the gaskets 40 and 60 does not communicate with the
outside of the gaskets 40 and 60. Further, projections are not formed
1n the gaskets 40 and 60 by remaining bubbles, and the adhesion between

the gaskets 40 and 60 and the separators does not decrease. Therefore,

it 1s possible to suppress remaining of bubbles and to prevent fuel

gas and oxidant gas supplied to the catalyst layers from leaking

outside.

[00506]

The technique of forming a slit in an adhesive layer of a
wallpaper is known. This allows bubbles to be easily pushed out
through the slit when hanging the wallpaper, and spreads the

remalining bubbles in the slit so that projections do not appear on

the surface. Since the slit of the wallpaper is not a mechanism that

1s 1intended to completely remove the bubbles, the bubbles may

communlicate with each other from end to end of the slit. In the
application as the wallpaper, even if bubbles remain in the slit,
they are not noticeable, and cause no trouble. However, if bubbles
communicate with each other from end to end in the gaskets 40 and

60, they cause a problem in that fuel gas and oxidant gas supplied

to the catalyst layers leak outside. Therefore, the gaskets 40 and
60 have to include a mechanism that can properly get out and remove
bubbles remaining between the gaskets 40 and 60 and the electrolyte
mempbrane 21 and between the gaskets 40 and 60. According to the
above-described embodiment, this requirement can be satisfied.

[0057]



10

15

20

25

CA 02880160 2015-01-27

As described above, the bonded sheet 70 of this embodiment to

be applied to the MEA 20 includes the gaskets 40 and 60 each serving

as the first sheet member 71 including the first bonded portions 81

where the grooves 83 provided 1n the sheet surface direction at least

partly face the sheet end portions (outer peripheral end portions
13 and 1nner peripheral end portions 74) and the second bonded
portions 82 having no groove 83, and the electrolyte membrane 21

serving as the second sheet member 72 stacked on the gaskets 40 and

60 1n the first bonded portions 81 and the second bonded portions

82. Since the grooves 83 at least partly face the sheet end portions

73 and 74, gas existing between the gaskets 40 and 60 and the

electrolyte membrane 21 can be pushed out from the sheet end portions
73 and 74 through the grooves 83. Further, the second bonded portions
82 having no groove 83 can be used as the contacting area against
which the pressing member 100 for pressurization in the stacking

direction 1s pressed. These can provide the bonded sheet 70 that

can suppress remaining of bubbles. Since remaining of the bubbles

can be suppressed, fuel gas and oxidant gas supplied to the catalyst

layers 22 and 23 can be prevented from leaking outside.

[0058]
The gaskets 40 and ©0 and the electrolyte membrane 21 are

stacked with the adhesive layer 90 containing the bonding member 91

being disposed therebetween. The grooves 83 can be formed only in
the adhesive layer 90 such that they are not provided in the base

material 50 of each of the gaskets 40 and 60. This can prevent

P

degradation of mechanical strength of the gaskets 40 and 60.

[0059]
The sheet—-member bonding method according to this embodiment

includes the process of preparing the bonded sheet 70 by placing the

gaskets 40 and 60 serving as the first sheet member 71 on the
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electrolyte membrane 21 serving as the second sheet member 72, the

process of pressing the pressing member 100 for pressurizing the

bonded sheet 70 1n the stacking direction against the second bonded

portion 82 of the bonded sheet 70, and the degassing process of moving
the pressed pressing member 100 from the second bonded portion 82

toward the first bonded portion 81. Since the grooves 83 at least

partly face the sheet end portions 73 and 74, gas existing between
the gaskets 40 and 60 and the electrolyte membrane 21 can be pushed
out from the sheet end portions 73 and 74 through the grooves 83 in
the degassing operation. Further, the second bonded portion 82

having no groove 83 can be used as the contacting area against which

the pressing member 100 for pressurization in the stacking direction

1s pressed. Thus, 1t is possible to provide the sheet-member bonding

-
p—

method that can suppress remaining of bubbles. Since remaining of

the bubbles can be suppressed, fuel gas and oxidant gas supplied to

the catalyst layers 22 and 23 can be prevented from leaking outside.

[0000]

Since the grooves 83 in the first bonded portions 81 are crushed

when the pressing member 100 moves in the first bonded portions 81,

the fuel gas and the oxidant gas do not flow into the first bonded

portions 81.

[00061]

The grooves 83 are provided in the form such as to extend

parallel to the moving direction of the pressing member 100 and the

form such as to extend to intersect the moving direction of the
pressing member 100. Hence, gas existing between the gaskets 40 and
60 and the electrolyte membrane 21 can be reliably pushed out from
the sheet end portions 73 and 74 through the grooves 83.

[0062]

Since the second bonded portion 82 is disposed at the downstream
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position i1n the moving direction of the pressing member 100, even
when the aperture 52 exists i1n the moving direction of the pressing

member 100, the second bonded portion 82 can be used as the contacting
area for the pressing member 100. This can suppress remaining of
bubbles.

[0063]

The pressing member 100 1s the rotatable roller member 101,

and can reliably push out gas, which exists between the gaskets 40

and 60 and the electrolyte membrane 21, from the sheet end portions
73 and 74 through the grooves 83 1n the degassing process of moving
(rolling) the pressing member 100.
[0064]

The second sheet member 72 1s the polymer electrolyte membrane
21 on which the electrocatalyst layers are provided, and the first

sheet member 71 1s the frame-shaped gaskets 40 and 00 bonded to the

outer peripheral edge of the polymer electrolyte membrane 21. Hence,

remailning of bubbles between the gaskets 40 and 60 and the electrolyte

mempbrane 21 can be suppressed. As a result, fuel gas and oxidant

gas supplied to the catalyst layers 22 and 23 can be prevented from

leaking outside.

[0065]
(Modification of Sheet Member)

*

Fig. 8 i1ncludes cross—-sectional views of a modification of a

sheet member.

[C0606]

While the bonded sheet 70 1in which the first sheet member 71
(gaskets 40 and 60) and the second sheet member 72 (electrolyte
membrane 21) are stacked with the adhesive layer 90 including the

bonding member 91 belng disposed therebetween has been 1llustrated,

the present invention 1s not limited to this case. The bonding
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material 1s not essential, and the sheet members themselves may be
thermally fused.
[0067]
Similarly to the above-described embodiment, a bonded sheet
5 120 1ncludes first sheet members 121 each having a first bonded
portion 81 with grooves 83 and a second bonded portion 82 with no

groove 83, and a second sheet member 122 stacked on the first sheet

members 121 in the first bonded portion 81 and the second bonded

portion 82. The first sheet members 121 and the second sheet member

10 122 are formed of a thermally fusible material.

[0068]

A sheet-member bonding method in this case further includes

a process of thermally fusing the first sheet members 121 and the

second sheet member 122 after the degassing operation. In the

15 thermally fusing operation, a pressing device 123 1s used to

pressurize and heat the first sheet members 121 and the second sheet

member 122. In thermal fusing, grooves 83 1in the first bonded portion

31 are crushed. Since the grooves 83 are crushed, gas does not flow

into the first bonded portion 81.

20 [00069]

(Modification of Grooves 83)

Fi1g. 9 1s a cross-sectional view 1llustrating a modification

of grooves 83.

[00770]

25 The form in which the grooves 83 are provided is not limited

to the form such that the grooves 83 extend parallel to the moving

direction of the pressingmember 100 and the form such that the grooves
83 extend to intersect the moving direction of the pressing member

100. The grooves 83 can be provided in an appropriate form as long

530 as they allow gas, which exists between the first sheet members 71
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and the second sheet member 72, to be pushed out from the sheet end

portions /3 and 74. For example, as illustrated in Fig. 9, the

grooves 83 (83a tec 83f) may be provided in a form such that grooves
extend to intersect each other.

[0071]

(Modification of Pressing Member 100)

Fi1g. 10 1s a cross-sectional view illustrating a modification

P

of the pressing member 100.

[0072]
The pressing member 100 is not limited to the case in which

1t 1s formed by the rotatable roller member 101. The pressing member

100 can be ftormed by an appropriate member as long as it can push

out gas, which exists between the first sheet members 71 and the second

sheet member /2, from the sheet end portions 73 and 74. For example,
as illustrated in Fig. 10, the pressing member 100 may be a squeegee
formed by a blade member 102.

10073]

(Other Modifications)

While the gaskets 40 and 60 and the electrolyte membrane 21

in the MEA 20 are 1llustrated as the bonded sheet 70, the first sheet

members /1 and the second sheet member 72 are, needless to say, not

limited to this case. The first sheet members 71 and the second sheet

member /2 can be widely applied to the bonded sheet 70 that is required

to suppress remaining of bubbles between the stacked sheet members

71 and 72.
(0074 ]

This application 1s based upon Japanese Patent Application No.

2012-1067134, filed on July 27, 2012, the entire disclosed contents

r—

of which are 1ncorporated herein by reference.

[Reference Signs List]
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52
70
71
72
73
74
81
82
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83b
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100
101
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23
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32
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Single cell
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r
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Pressing member
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Second bonded portion
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(8Z2a, 82b)
(83a—-83f) Groove
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121 Thermally fusible first sheet member

122 Thermally fusible second sheet member
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Claims
[Claim 1](Amended)

A fuel-cell gasket to be stacked on an outer peripheral edge of an electrolyte
membrane, the tuel-cell gasket comprising a sheet-shaped base material,

wherein the base material includes a first bonded portion where grooves provided
in a sheet surface direction at least partly face an end portion of the base material and a
second bonded portion having no groove, and

wherein the fuel-cell gasket is stacked on the electrolyte membrane in the first
bonded portion and the second bonded portion of the base material.
[Claim 2](Amended)

A fuel-cell gasket to be stacked on an outer peripheral edge of an electrolyte
membrane, the fuel-cell gasket comprising:

a sheet-shaped base material; and

an adhesive layer provided on the base material and containing a bonding member,

wherein the adhesive layer includes a first bonded portion where grooves provided
in a sheet surface direction at least partly face an end portion of the base material and a
second bonded portion having no groove, and

wherein the fuel-cell gasket is stacked on the electrolyte membrane in the first
bonded portion and the second bonded portion of the adhesive layer.

[Claim 3](Amended)

A fuel-cell bonded assembly in which the fuel-cell gasket according to Claim 1 or 2

is stacked on an outer peripheral edge of an electrolyte membrane.
[Claim 4](Amended)

A sheet-member bonding method comprising:

a process of preparing a stack sheet by stacking, on a second sheet member, a first
sheet member including a first bonded portion where grooves provided in a sheet surface
direction at least partly face a sheet end portion and a second bonded portion having no
groove;

a process of pressing a pressing member configured to pressurize the stack sheet in

a stacking direction against the second bonded portion of the stack sheet; and

.~ b AL v e e iy’ e————— " S o ey sy fe
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a degassing process of moving the pressed pressing member from the second
bonded portion to the first bonded portion.
[Claim 5](Amended)

The sheet-member bonding method according to Claim 4, wherein the grooves in

the first bonded portion are crushed when the pressing member moves in the first bonded

portion.
[Claim 6](Amended)

The sheet-member bonding method according to Claim 4, further comprising;:

a process of thermally fusing the first sheet member and the second sheet member
after the degassing operation,

wherein the grooves in the first bonded portion are crushed in the thermally fusing
operation.

[Claim 7](Amended)

The sheet-member bonding method according to any one of Claims 4 to 6, wherein
the grooves are provided in a form such as to extend parallel to a moving direction of the
pressing member, a form such as to extend to intersect the moving direction of the
pressing member, or a form such as to extend to intersect each other.

[Claim 8](Amended)

The sheet-member bonding method according to any one of Claims 4 to 7, wherein

the second bonded portion is disposed at a downstream position in a moving direction of

the pressing member.
[Claim 9]}(Amended)
The sheet-member bonding method according to any one of Claims 4 to 8, wherein

the pressing member is formed by a rotatable roller member or a blade member.
[Claim 10](Added)

The sheet-member bonding method according to any one of Claims 4 to 9,

wherein the second sheet member is an electrolyte membrane having an electrode
catalyst layer, and

wherein the first sheet member is a frame-shaped gasket bonded to an outer

peripheral edge of the electrolyte membrane.

-6 -
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