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(57) Abrégée/Abstract:
To provide a manufacturing method of a membrane electrode assembly which improves the reliability of seal, mechanical strength,
and handling ability of a solid polymer type fuel cell. The manufacturing method of a membrane electrode assembly according to
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(57) Abrege(suite)/Abstract(continued):

the present invention prepares a membrane electrode assembly which differs In size of gas diffusion layers at an anode side and
cathode side, provides the outer peripheral edge of the membrane electrode assembly with a resin frame by molding, and, at that
time, provides projections or a concave part and convex part at a top mold and bottom mold used for the molding so as to keep to

a minimum the penetration of the resin frame material to the gas diffusion layers and/or electrode layers and prevent warping of the
outer peripheral edges of the larger gas diffusion layer etc.
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ABSTRACT

To provide a manufacturing method of a membrane

electrode assembly which improves the reliability of

5 seal, mechanical strength, and handling ability of a

solid polymer type fuel cell.

The manufacturing method of a membrane electrode

assembly according to the present invention prepares a

membrane electrode assembly which differs in size of gas

10 diffusion layers at an anode side and cathode side,

provides the outer peripheral edge of the membrane

electrode assembly with a resin frame by molding, and, at
that time, provides projections or a concave part and

convex part at a top mold and bottom mold used for the

15 molding so as to keep to a minimum the penetration of the

resin frame material to the gas diffusion layers and/or

electrode layers and prevent warping of the outer

R

peripheral edges of the larger gas diffusion layer etc.
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DESCRIPTION

Title of Invention

Manufacturing Method of Reinforced Membrane Electrode

Assembly and Such Reinforced Membrane Electrode Assembly

Technical Field

The present i1nvention relates to a manufacturing

method of a reinforced membrane electrode assembly for a

solid polymer type fuel cell.

Background Art

| W—

Ll

In recent years, fuel cells have been garnering

attention as high efficiency enerqgy conversion devices.

Fuel cells are roughly classified by the type of
electrolyte used into alkali types, solid polymer types,

phosphoric acid types, and other low temperature

operation fuel cell, molten carbonate types, solid oxide

types, and other high temperature operation fuel cells.

Among these, solid polymer type fuel cells (PEFC) using
polymer electrolyte membranes having 1on conductivity as

electrolytes enable a high output density to be obtained

by a compact structure and further do not use a liquid

for the electrolyte and enable operation at a low

r—

temperature etc., so enable realization of a simple

system, so are being focused on for stationary use,

vehicular use, mobile phone use, etc.

A solid polymer type fuel cell has as 1ts basic
principle to expose one side of a polymer electrolyte
membrane to a fuel gas (hydrogen etc.) and 1ts opposite
side to an oxildizing agent gas (air etc.), use the
chemical reaction via the polymer electrolyte membrane to
synthesize water, and take out the reaction energy
produced due to this as electricity. A polymer
electrolyte membrane at the two sides of which porous
catalyst electrodes are arranged and joined by a hot

press etc. 1s generally called a "membrane electrode
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assembly (MEA)". An MEA can be independently handled.

Packing 1s arranged between the MEA and separators so as

Lo prevent leakage of the reaction gases to the outside.
A polymer electrolyte membrane has ion conductivity, but

does not have gas permeability and electron conductivity,

sO acts to physically and electronically separate the

fuel electrode and the oxygen electrode. If the polymer

electrolyte membrane is smaller in size than the porous

catalyst electrodes, at the inside of the MEA, the porous

catalyst electrodes will electrically short-circuit and,

further, the oxidizing agent gas and fuel gas will mix

(cross leak), so the function as a battery will be lost.
Furthermore, in the case of a type of fuel cell which
directly feeds methanol or another ligquid fuel, the
liquid fuel will leak from the fuel electrode side to the

| —

"unction as a

oxygen electrode side and thereby the

battery will be impaired. For this reason, the area of

the polymer electrolyte membrane has to be equal to or

g—

greater than the areas of the porous catalyst electrodes.

Therefore, usually, the polymer electrolyte membrane is
made to extend beyond the peripheral edges of the porous

catalyst electrodes and 1s clamped between the packing

and separators so as to form a gas seal and supporting
structure.

In this respect, a polymer electrolyte membrane 1is
an extremely thin film shaped material, so 1is hard to
handle. When bonded with the electrodes, at the time of

1)

assembly stacking a plurality of unit cells to form a
stack, etc., the peripheral edges, which are 1mportant

for sealing the reaction gases, frequently end up being

wrinkled. In a unit cell or stack assembled using a

polymer electrolyte membrane i1n such a wrinkled state,

there 1s a high possibility of the reaction gases leaking

out from the wrinkled parts. Further, even 1n a state
with no wrinkles etc. at all, the polymer electrolyte

membrane 1s the member with the lowest mechanical

strength among all constituent members forming a stack,
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SO 1s easlly damaged. Therefore, to improve solid polymer

type fuel cells 1n reliability, maintenance, etc.,

reinforcement of the polymer electrolyte membrane part is

desired. Furthermore, as explained above, to prevent

electrical short-circuits at the peripheral edges of the
polymer electrolyte membrane, in the past, MEAs including
electrolyte membranes with areas larger than the
electrode layers so that the polymer electrolyte

membranes extend laterally over the ends of the electrode

layers have been produced. However, when fabricating an

MEA with an electrolyte membrane and electrode layers of
di:

N

ferent sizes, these have to be separately cut out and
poslitioned. The increase in processes invites a drop in
productivity.

H

Known 1n the art is a method of applying to the

peripheral edges of an MEA, which has a polymer
electrolyte membrane of the same size as the gas
dliffusion electrodes or larger than the gas diffusion
electrodes, a thermoplastic polymer by injection molding,
compression molding, or other means so that the

thermoplastic polymer 1s impregnated at the insides of

the sealing ends of the gas diffusion support members and

N

fusion

envelops the peripheral regions of both gas di:
support members and the polymer electrolyte membrane

thereby forming an integral membrane electrode assembly

having a fluid impermeable seal of a thermoplastic
polymer (PLT 1).

Further, to effectively reinforce the polymer

electrolyte membrane and greatly improve the handling

D

ability of a fuel cell structure, the method i1is known o:

press fitting a frame member over the outer peripheral

H

edges of the porous bodies fastened to the two surfaces

of the polymer electrolyte membrane and strongly and

reliably joining the porous bodies and frame member (PLT
2) .

Citation List
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PLT 1: Japanese Patent Publication (A) No. 2005-
516350

PLT Z2: Japanese Patent Publication (A) No. 10-199551

P
p—

Summary of Invention

Technical Problem
In the method described in PLT 1, if applying a
thermoplastic polymer by injection molding to the

peripheral edges of an MEA having a polymer electrolyte

membrane larger than the gas diffusion electrodes, the

part of the electrolyte membrane extending over the

peripheral edges of the gas diffusion electrodes will

move due to the flow of resin at the time of injection
molding to thereby be exposed at the surface or a load

will be applied to the electrolyte membrane part at the

edge parts of the gas diffusion electrodes resulting in
breakage and consequently possible gas leakage. Further,
depending on the molding pressure and permeation pressure

of the molding resin, the resin will excessively

penetrate 1nto the gas diffusion electrodes. Resin which
excessively penetrates to the inside of the gas diffusion

electrodes 1s liable to squeeze the electrolyte membrane

of the MEA or disperse the fastening pressure of the cell

when the MEA 1s assembled into the fuel cell and as a

result damage the MEA and cause a drop 1in 1ts

performance. On the other hand, for the peripheral parts

P
p—

of the gas diffusion electrodes, the space 1inside the

mold 1s extremely narrow, so the molding resin will

sometimes not be able to reach part of the gas diffusion

electrodes and the seal parts will not be able to be

preclisely formed.
Further, in the method described in PLT 1, when
applying a thermoplastic polymer by 1njection molding to

the peripheral edges of an MEA having a polymer

electrolyte member of the same size as the gas diffusion

electrodes and the sizes of the gas diffusion electrodes

at the anode side and cathode side differ, the part of
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the polymer electrolyte membrane which is bonded with the

large side gas diffusion electrode will sometimes be

peeled off from the gas diffusion electrode due to the

flow of the molding resin. Furthermore, the space in the

mold for forming the top part of the polymer electrolyte

membrane which 1is bonded to the large side gas diffusion

electrode 1s narrow, so the resin easily 1is

insufficiently filled there resulting in defects.

In the method described in PLT 2, it is difficult to

sufficiently press fit and strongly join the frame member

to the outer peripheral edges of the porous body and it

P
.

1s extremely difficult to reliably seal the interface

petween the frame member and MEA, so problems such as

leakage of gas from the joints and destruction of the

cell can occur.

Therefore, an object of the present invention is to

control the penetration of molding resin to the gas

diffusion layers and/or electrode layers when providing

an MEA with a reinforcement-use resin frame. In

particular, when providing a reinforcement-use resin

trame at an MEA different in size of the gas diffusion

layers at the anode side and cathode side, the object is

to prevent warping of the peripheral edges of the large

side of the MEA due to resin flow and, further, to

prevent peeling of the polymer electrolyte membrane from

the gas diffusion layers and/or electrode layers while

making the MEA and resin frame match at centers of

thickness. Overall, the present invention has as its

object the improvement of the reliability of the seal,

the mechanical strength, and the handling ability of a

solid polymer type fuel cell.

Solution to Problem

According to the present invention,

(1) A manufacturing method of a reinforced membrane

electrode assembly for solid polymer type fuel cell use

comprising
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preparing a membrane electrode assembly

including a polymer electrolyte membrane, a first

electrode layer which is provided on one side of the

electrolyte membrane, a first gas diffusion layer which
1s provided on the first electrode layer on the side
opposite to the electrolyte membrane, a second electrode
layer which 1s provided on the other side of the
electrolyte membrane, and a second gas diffusion layer
which 1s provided on the second electrode layer on the

side opposite to the electrolyte membrane, in which

membrane electrode assembly, the first gas diffusion

layer and the first electrode layer being arranged on the

surface of the electrolyte membrane so that the outer

peripheral edge of the first gas diffusion layer as a

whole filts within the range of the outer peripheral edge
of the electrolyte membrane and so that a surface region
of the electrolyte membrane remains between the outer
peripheral edge of the first electrode layer and the

—

outer peripheral edge of the electrolyte membrane across

P
—

the entire circumference of the outer peripheral edge of

the first electrode layer and the second gas diffusion

layer being extended up to at least part of the opposite
side from the surface region across the entire
clrcumference of the outer peripheral edge of the
electrolyte membrane and

providing, at the membrane electrode assembly,
a resin frame by molding so as to surround all of the
outer peripheral edge of the electrolyte membrane and at

pu— po—

least the parts of the outer peripheral edges of the

”
p——

first and second gas diffusion layers near the first and

second electrode layers and so as to fasten at least part
of the surface region, at which time,
providing a top mold and bottom mold used for

the molding with projections, the projections partially

compressing at least parts of the first and second gas

diffusion layers, the compressed part of the first gas

diffusion layer being arranged to be at a farther
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position than the compressed part of the second gas

diffusion layer as seen from a center part of the

membrane electrode assembly, whereby penetration of the

resin frame material to the first gas diffusion layer

and/or the first electrode layer is kept to a minimum and

P

whereby warping and formation of the outer peripheral

edges of the electrolyte membrane, the second electrode

layer, and the second gas diffusion layer are prevented.
Further, according to the present invention, there
1s provided:

(2) A method as set forth in (1) wherein the

projections are arranged to compress a part near the

outer peripheral edge of the first gas diffusion laver.

Further, according to the present invention, there
1s provided:

(3) A method as set forth in (1) or (2) wherein the
projections are arranged in rim edge shapes continuously
or discontinuously.

Further, according to the present invention, there
1s provided:

(4) A manufacturing method of a reinforced membrane
electrode assembly for solid polymer type fuel cell use
comprising

preparing a membrane electrode assembly

including a polymer electrolyte membrane, a first

electrode layer which 1s provided on one side of the

electrolyte membrane, a first gas diffusion layer which
1s provided on the first electrode layer on the side
opposlite to the electrolyte membrane, a second electrode

P

layer which 1s provided on the other side of the

ﬁ
p—

electrolyte membrane, and a second gas diffusion layer

which 1s provided on the second electrode layer on the

side opposite to the electrolyte membrane, in which

membrane electrode assembly, the first gas diffusion

layer and the first electrode layer being arranged on the

surface of the electrolyte membrane so that the outer

n

peripheral edge of the first gas diffusion layer as a
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whole fits within the range of the outer peripheral edge

fr—

ot the electrolyte membrane and so that a surface region

—

of the electrolyte membrane remains between the outer

peripheral edge of the first electrode layer and the

outer peripheral edge of the electrolyte membrane across

the entire circumference of the outer peripheral edge of

the first electrode layer and the second gas diffusion

layer beling extended up to at least part of the opposite

side from the surface region across the entire

circumference of the outer peripheral edge of the

electrolyte membrane and

providing, at the membrane electrode assembly,

a resin frame by molding so as to surround all of the

outer peripheral edge of the electrolyte membrane and at

least the parts of the outer peripheral edges of the

first and second gas diffusion layers near the first and
second electrode layers and so as to fasten at least part
of the surface region, at which time,

providing a top mold and bottom mold used for
the molding respectively with a concave and convex part
so that part or all of the membrane electrode assembly is

gp—

curved and the surface region of the electrolyte membrane

F

forms a slanted surface, whereby a front end of flow of

the resin frame material strikes the surface region.
Further, according to the present i1nvention, there

1s provided:

(o) A manufacturing method of a reinforced membrane
electrode assembly for solid polymer type fuel cell use
comprising

preparing a memprane electrode assembly

including a polymer electrolyte membrane, a first

electrode layer which 1s provided on one side of the

electrolyte membrane, a first gas diffusion layer which

1s provided on the first electrode layer on the side

opposite to the electrolyte membrane, a second electrode

F

layer which 1s provided on the other side of the

electrolyte membrane, and a second gas diffusion layer
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which 1s provided on the second electrode layer on the

side opposite to the electrolyte membrane, in which

membrane electrode assembly, the first gas diffusion

layer and the first electrode layer being arranged on the

surface of the electrolyte membrane so that the outer

peripheral edge of the first gas diffusion layer as a
whole fits within the range of the outer peripheral edge
of the electrolyte membrane and so that a surface region
of the electrolyte membrane remains between the outer
peripheral edge of the first electrode layer and the

outer peripheral edge of the electrolyte membrane across

the entire circumference of the outer peripheral edge of

the first electrode layer and the second gas diffusion

layer beilng extended up to at least part of the opposite

-

side from the surface region across the entire

P

circumference of the outer peripheral edge of the

electrolyte membrane and

providing, at the membrane electrode assembly,

a resin frame by molding so as to surround all of the

outer peripheral edge of the electrolyte membrane and at

least the parts of the outer peripheral edges of the

first and second gas diffusion layers near the first and

second electrode layers and so as to fasten at least part
of the surface region, at which time,
arrangilng projections at a mold, among a top

mold and bottom mold used for the molding, closer to the

second gas diffusion layer and at an outer side from an

P

outer peripheral edge of the second gas diffusion layer,

P

whereby a front end of flow of the resin frame material

does not strike an 1nterface between the electrolyte

membrane and the second electrode layer.

Further, according to the present i1nvention, there
1s provided:

(6) A method as set forth in (5), wherein the
projections have tapered shapes whereby a change of path

g

of progression of the front end of flow at the time of

the molding 1s promoted.
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Further, according to the present invention, there

is provided:

(7) A method as set forth in (5) or (6) wherein the

projections are arranged in rim edge shapes continuously
or discontinuously.
Further, according to the present invention, there

1s provided:

(8) A reinforced membrane electrode assembly for
solid polymer type fuel cell use which is produced by a
method as described in any one of (1) to (7).

Further, according to the present invention, there

1s provided:

(9) A reinforced membrane electrode assembly for

solid polymer type fuel cell use as set forth in (8)

"

wherein a center of thickness of the membrane electrode

assembly and a center of thickness of the resin frame

substantlally match.

Advantageous Effects of Invention

According to the present invention, when providing

an MEA with a reinforcement-use resin frame, excessive

P

penetration of the molding resin to the gas diffusion

layers and/or electrode layers is prevented. In

particular, according to the present invention, when

providing an MEA different in size of the gas diffusion

layers at the anode side and cathode side with a

ﬁ

reinforcement-use resin frame, warping of the peripheral

edges at the large.side of the MEA due to the flow of

resin 1s prevented. Further, peeling of the gas diffusion

layers and/or electrode layers from the polymer

electrolyte membrane 1s prevented and, at the reinforced

membrane electrode assembly, the MEA and resin frame
match in centers of thickness. Therefore, according to
the present invention, the reliability of the seal,
mechanical strength, and handling ability in a solid

polymer type fuel cell are improved.



10

15

20

25

30

35

CA 02768686 2012-01-19

- 17 -

Brief Description of Drawings

FIG. 1 1s a partial lateral cross-sectional view
showing a state of setting a membrane electrode assembly
1n a mold 1n a method according to the present invention.
FIG. 2 1s a partial lateral cross-sectional view
showling a state of setting a membrane electrode assembly
in a mold in a method according to another aspect of the

present invention.

FIG. 3 1s a partial lateral cross-sectional view

showing a state of setting a membrane electrode assembly

ﬁ

1n a mold 1in a method according to another aspect of the

present invention.

FIG. 4 1s a partial lateral cross-sectional view
showing a membrane electrode assembly obtained in the
method shown in FIG. 3.

Reference Signs List

10, 20, 30 membrane electrode assembly
100, 200, 300 top mold

110, 210, 310 first gas diffusion laver
120, 220, 320 first electrode layer

130, 230, 330 polymer electrolyte membrane
140, 240, 340 second electrode layer

150, 250, 350 second gas diffusion layer
160, 260, 360 bottom mold
170, 180, 370 projection

400 resin frame

it
—

Description of Embodiments

Below, the present invention will be explained 1in

detail while referring to the drawings. Note that, the

drawings are drafted schematically for facilitating the
understanding of the invention. Please note that the
relative relationships (ratios) of sizes of the

1]llustrated members do not accurately show the actual

relationships of sizes in the embodiment.

I

The present i1nvention provides, as method of
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controlling the penetration of molding resin to the gas

diffusion layers and/or electrode layers when providing

the MEA with a reinforcement-use resin frame, a
manufacturing method of a reinforced membrane electrode
assembly for solid polymer type fuel cell use comprising

preparing a membrane electrode assembly including a

polymer electrolyte membrane, a first electrode layer

which 1s provided on one side of the electrolyte

membrane, a first gas diffusion layer which is provided

on the first electrode layer on the side opposite to the

electrolyte membrane, a second electrode layer which is

provided on the other side of the electrolyte membrane,

ﬁ
p—

and a second gas diffusion layer which is provided on the

second electrode layer on the side opposite to the

electrolyte membrane, in which membrane electrode

assembly, the first gas diffusion layer and the first

electrode layer being arranged on the surface of the

electrolyte membrane so that the outer peripheral edge o:

L

the first gas diffusion layer as a whole fits within the

range of the outer peripheral edge of the electrolyte

membrane and so that a surface region of the electrolyte

k!

membrane remalns between the outer peripheral edge of the

first electrode layer and the outer peripheral edge of

the electrolyte membrane across the entire circumference

of the outer peripheral edge of the first electrode lavyer

and the second gas diffusion layer being extended up to
at least part of the opposite side from the surface
region across the entire circumference of the outer

ﬁ

peripheral edge of the electrolyte membrane and

providing, at the membrane electrode assembly, a resin

frame by molding so as to surround all of the outer

F

peripheral edge of the electrolyte membrane and at least

F

the parts of the outer peripheral edges of the first and

second gas diffusion layers near the first and second

electrode layers and so as to fasten at least part of the

surface region, at which time, providing a top mold and

bottom mold used for the molding with projections, the
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projections partially compressing at least parts of the
first and second gas diffusion layers, the compressed
part of the first gas diffusion layer being arranged to

be at a farther position than the compressed part of the

second gas diffusion layer as seen from a center part of

H
o

the membrane electrode assembly, whereby penetration of

the resin frame material to the first gas diffusion layer
and/or the first electrode layer is kept to a minimum and

whereby warping and formation of the outer peripheral

edges of the electrolyte membrane, the second electrode

layer, and the second gas diffusion layer are prevented.

One means for preventing penetration of the resin

frame material to the gas diffusion layers and/or

electrode layers according to the present invention is

shown i1n FIG. 1. FIG. 1 is a partial lateral cross-

sectional view showing the state of setting a membrane

e
o

electrode assembly 10 in a mold. FIG. 1 shows parts of

the membrane electrode assembly 10, that is, a polymer

electrolyte membrane 130, a first electrode layer 120, a

first gas diffusion layer 110, a second electrode layer

140 which 1s provided on the other side of the

electrolyte membrane, and a second gas diffusion layer
150. Furthermore, 1t shows a top mold 100 and a bottom
mold 1e0 for molding. The top mold 100 1s provided with a

projection 170. At the time of molding, due to pressure

from the direction shown by the arrow P, the part of the

gas diffusion layer 110 which 1s struck by the projection

170 1s at least partially compressed. Therefore,

i

penetration of the resin frame material mainly to the

insides of the gas diffusion layer 110 and/or electrode

layer 120 due to the flow of resin frame material shown

by the broken line arrow I 1s suppressed or prevented. On
the other hand, the bottom mold 160 1s provided with a

projection 180. At the time of molding, due to pressure

from the direction shown by the arrow P, the part of the

gas diffusion layer 150 which is struck by the projection

180 1s at least partially compressed. Therefore,
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penetration of the resin frame material mainly to the

P

insides of the gas diffusion layer 150 and/or electrode

layer 140 due to the flow of resin frame material shown
by the broken line arrow I 1s suppressed or prevented.
According to the present invention, the projections
170 and 180 are arranged so that the compressed part of
the gas diffusion layer 110 1is positioned farther than

p——

the compressed part of the gas diffusion layer 150 from

the center part of the membrane electrode assembly 10

(left 1n FIG. 1) so that the outer peripheral edges of
the electrolyte membrane 130, second electrode layer 140,
and second gas diffusion layer 150 do not warp upward due
to the pressure from the direction shown by the arrow P.
To strongly join the resin frame to the MEA, it 1is
necessary to make the resin frame material penetrate the
outer peripheral edges of the gas diffusion layers and/or
electrode layers to a certain extent so as to exhibit an

P

anchor effect. On the other hand, the parts of the gas
dif

b

‘usion layers and/or electrode layers which the resin

F
—

frame material penetrates are impailred in gas diffusion

function, so from the viewpoint of not causing a

reduction i1n the effective reaction area of the solid

polymer type fuel cell, 1t 1s desired to reduce the

region of penetration of the resin frame material as much

.

as possible. Therefore, in the case of an MEA where the

- o
—

sizes of the gas diffusion layers at the anode side and

cathode side differ, 1t 1s preferable to arrange the

projection 170 so as to compress the part of the smaller

—r

gas diffusion layer (in FIG. 1, the first gas diffusion

layer 110) near the outer peripheral edge. Here, "the

gr—

part of the smaller gas diffusion layer near the outer

peripheral edge", while depending on the properties and

F

shape of the individual specific material, generally

indicates a range from the end to about 5 mm inward.

However, the 1nventors observed that with just arranging

the projection 170 at the part of the first gas diffusion
layer 110 near the outer peripheral edge, due to the
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F

action of easing the strain at the part compressed by the

projection 170 due to pressure from the direction shown

by the arrow P, the outer peripheral edges of the larger

gas diffusion layer (in FIG. 1, the second gas diffusion
layer 150) warps upward. A molded article obtained by
molding in the state with the outer peripheral edges of

the gas diffusion layers etc. warped upward (resin frame
reinforced membrane electrode assembly) is liable to
cause gas leakage, electrical short-circuits, etc. The
1nventors discovered that by providing the projection 180

at the bottom mold 160 so that the compressed part of the

first gas diffusion layer 110 is positioned farther than

ﬁ

the compressed part of the second gas diffusion layer 150

from the center part of the membrane electrode assembly,

P

warping of the outer peripheral edges of the second gas

diffusion layer 150 etc. is prevented. While not

constrained by any specific theory, the action of easing
of distortion of the part compressed by the projection
170 1s cancelled out by the action of easing of
distortion of the part compressed by the projection 180

arranged somewhat 1nward compared with the projection

170. As a result, warping of the outer peripheral edges
of the second gas diffusion layer 150 etc. i1s considered

to be prevented.

As the condition for arrangement of the projection

180 at which such warping 1s prevented, whille depending

P

also on the properties and shapes of the individual

speclfic materials, this should be made within about 3 mm

inward from the position of the bottom mold corresponding

F

to the top part of the projection 170, preferably 0.5 to

2 mm 1n range. Further, as the shape of projections, 1n

addition to the semicircular cross—-section such as shown

in FIG. 1, a triangular shape, square shape, or rhomboid
shape are also possible. The height of the projections
should be made within 5 to 85% of the thickness of the

MEA, preferably 10 to 30% in range. Further, the height

F

of the projections should be made 50 to 1500% of the
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F

thickness of the MEA, preferably 125 to 1000% in range.

The projections may be arranged at the mold in rim edge
shapes continuously or discontinuously. When providing
the projections discontinuously, provision at

corresponding locations at the top mold and bottom mold

1s preferable. As one example, in the case of an MEA of a

thickness of 400 um using carbon paper for the gas

diffusion layers, a mode arranging a top projection
having a semicircular cross-sectional shape of a height

of 80 pum and a width of 1 mm at a corresponding position

of the top mold 1 mm inward from the outer peripheral
edge end of the smaller diffusion layer and arranging a

bottom projection having a semicircular cross—-sectional

shape of a height of 80 um and a width of 1 mm at a

corresponding position of the bottom mold 1 mm inward

b

from the top of the top projection, 1is illustrated.

Another means for suppressing or preventing

penetration of the resin frame material to the gas

diffusion layers and/or electrode layers according to the

present 1nvention 1s shown in FIG. 2. FIG. 2 1s a partial

lateral cross-sectional view showing a state of setting a

membrane electrode assembly 20 in a mold. FIG. 2 shows

P

parts of the membrane electrode assembly 20, that 1s, a

polymer electrolyte membrane 230, a first electrode layer

220, a first gas diffusion layer 210, a second electrode
layer 240 which is provided on the other side of the
electrolyte membrane, and a second gas diffusion layer
2050. Furthermore, 1t shows a top mold 200 and a bottom
mold 200 for molding. The top mold 200 and the bottom
mold 260 are provided with a convex part and a
corresponding concave part so that the membrane electrode

assembly 20 curves overall with the substantial center

part of the first gas diffusion layer 210 as the vertex.

ﬁ

At the time of molding, as 1i1llustrated, the front end of

flow (broken line arrow I) of the resin frame material

strikes the surface region (slanted surface) of the
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polymer electrolyte membrane 230. Therefore, at the time

F

of molding, peeling of the polymer electrolyte membrane

P
p—

230 from the gas diffusion layer 250 and/or electrode

layer 240 due to the flow of resin is prevented and

gr—

warping of the outer peripheral edges of the second gas

dlffusion layer 250 is prevented. Furthermore, by the

front end of flow (broken line arrow I) of the resin

.

frame material initially striking the surface region

(slanted surface) of the polymer electrolyte membrane

230, the flow rate of the resin frame material when

striking the gas diffusion layer 210 and/or electrode

layer 220, that 1i1s, the pressing action, falls, so

ﬁ
pre—

penetration of the resin frame material to the inside of

the gas diffusion layer 210 and/or electrode layer 220 is

suppressed or prevented. Note that, 1n the mode shown in

FIG. 2, the membrane electrode assembly 20 i1s curved

overall, but so long as a surface region (slanted

#

surface) of the polymer electrolyte membrane 230 is

P

formed which the front end of flow of the resin frame

| —_.

material strikes, i1t 1s also possible to respectively
provide the convex part and concave part at the top mold

200 and the bottom mold 260 so that only part of the

membrane electrode assembly 20, for example, peripheral
edges, 1s curved.

The concave and convex parts which are provided at
the top mold 200 and the bottom mold 260, whilile depending

on the size of the membrane electrode assembly 20, can

give the above effects by making the height H of the
convex part 5 to 50% 1n range of the thickness T of the
corresponding part of the membrane electrode assembly.

g

Further, by the shrinkage stress of the molding resin

i

frame and the repulsion force of the membrane electrode

assembly canceling each other out after molding,
deformation (warping and distortion) of the reinforced
membrane electrode assembly as a whole 1s prevented. Note
that, 1n FIG. 2, the molding resin frame is mounted to

the membrane electrode assembly 20 substantially parallel
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to the horizontal, but the mounting angle of the resin
frame 1s not particularly limited. A desired angle can be
set 1n accordance with the application.

Furthermore, the present invention provides, as

priu

another method of controlling the penetration of molding

resin to the gas diffusion layers and/or electrode layers

when providing the MEA with a reinforcement-use resin

frame, a manufacturing method of a reinforced membrane
electrode assembly for solid polymer type fuel cell use

comprilising preparing a membrane electrode assembly

including a polymer electrolyte membrane, a first

electrode layer which is provided on one side of the

electrolyte membrane, a first gas diffusion layer which
1s provided on the first electrode layer on the side
opposite to the electrolyte membrane, a second electrode

layer which i1s provided on the other side of the

electrolyte membrane, and a second gas diffusion layer
which 1s provided on the second electrode layer on the
side opposite to the electrolyte membrane, in which

F
p—

membrane electrode assembly, the first gas diffusion

layer and the first electrode layer being arranged on the

surface of the electrolyte membrane so that the outer

peripheral edge of the first gas diffusion layer as a

whole fits within the range of the outer peripheral edge

P

of the electrolyte membrane and so that a surface region

of the electrolyte membrane remalns between the outer

P

peripheral edge of the first electrode layer and the

outer peripheral edge of the electrolyte membrane across

the entlire circumference of the outer peripheral edge of

the first electrode layer and the second gas diffusion

layer being extended up to at least part of the opposite

side from the surface region across the entire

circumference of the outer peripheral edge of the

electrolyte membrane and providing, at the membrane

electrode assembly, a resin frame by molding so as to

g

surround all of the outer peripheral edge of the

electrolyte membrane and at least the parts of the outer
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peripheral edges of the first and second gas diffusion

layers near the first and second electrode layers and so

P

as to fasten at least part of the surface region, at

which time, arranging projections at a mold, among a top

mold and bottom mold used for the molding, closer to the

'

second gas diffusion layer and at an outer side from an

F F
p—

outer peripheral edge of the second gas diffusion layer,

r— —

whereby a front end of flow of the resin frame material

does not strike an interface between the electrolyte

membrane and the second electrode layer. According to

this method, it 1s possible to prevent the peeling of the

polymer electrolyte membrane from the gas diffusion

layers and/or electrode layers while making the centers

of thickness of the membrane electrode assembly and resin

frame match.

One means for preventing the front end of flow of

the resin frame material from striking the interface
between the polymer electrolyte membrane and the second

electrode layer according to the present invention is

shown in FIG. 3. FIG. 3 1s a partial lateral cross-
sectional view showing the state of setting the membrane
electrode assembly in a mold. FIG. 3 shows parts of a

membrane electrode assembly 30, that 1s, a polymer

electrolyte membrane 330, a first electrode layer 320, a

F

first gas diffusion layer 310, a second electrode layer

340 which 1s provided on the other side of the
electrolyte membrane, and a second gas diffusion layer
350. Furthermore, 1t shows a top mold 300 and a bottom
mold 360 for molding. The bottom mold 360 1s provided

with projections 370 at the outer side from the outer

peripheral edge of the second gas diffusion layer 350. By

arranging the projections 370 in this way, 1t 1s possible

F

to prevent the front end of flow (broken line arrow I) o]

the resin frame material from striking the interface

between the polymer electrolyte membrane 330 and the

second electrode layer 340. Therefore, at the time of

F

molding, peeling of the polymer electrolyte membrane 330

Lk
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from the gas diffusion layer 350 and/or electrode laver

340 due to the flow of resin is prevented.

An example of the reinforced membrane electrode

assembly obtained by the mode shown
FIG. 4. FIG. 4 1s a partial lateral

in FIG. 3 1s shown 1n

cross—-sectional view

showing a membrane electrode assembly which is reinforced

by a resin frame. FIG. 4 shows parts of a membrane

electrode assembly 30, that is, a polymer electrolyte

membrane 330, a first electrode layer 320, a first gas

diffusion layer 310, a second electrode layer 340 which

1s provided on the other side of the electrolyte

memprane, a second gas diffusion layer 350, and a resin

frame 400. According to the present

o= grve

p—

F

invention, the center

of thickness of the membrane electrode assembly 30 and

the center of thickness of the resin frame 400

substantially match (one dot chain line C) except for

recesses corresponding to the projections 370. By the

-

centers of thickness o:

. the membrane electrode assembly

30 and the resin frame 400 substantially matching, when

further stacking membrane electrode

assemblies reinforced

by resin frames to prepare a fuel cell stack, 1t becomes

possible to substantially uniformly

compress the anode

part and cathode part of the membrane electrode assembly

30.

As a condition for provision O:

P

- the projections 370

enabling prevention of peeling of the polymer electrolyte

membrane from the gas diffusion layers and/or electrode

" and

layers while making the centers of thickness of the

membrane electrode assembly and resin frame match, while

also depending on the properties and shape of the

individual specific material, provision at least about O

mm or more outward from the outer peripheral edge ends of

the second gas diffusion layer, preferably at intervals

of 0.05 to 0.5 mm, 1s preferable. At the time of molding,

it 1s possible for the resin frame material to flow into

the spaces formed by the intervals and strongly join the

F

MEA and the resin frame. Further, the shape of the
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projections 370 1s not particularly limited, but if the

cross—-section 1s a tapered shape as shown in FIG. 3, it

1s possible to make the front end of flow (broken line

I B

arrow I) smoothly displace without disturbing the flow o:

the resin frame material, so this is preferable. The

P

height of the projections should be made 20 to 85% of the

thickness of the MEA, preferably 30 to 50% in range.
Further, the width of the projections is preferably kept

to a minimum so long as a width is secured sufficient for

providing an effective taper. The projections can be

provided in the mold as rim edge shapes continuously or

)]

dlscontinuously. As one example, in the case of an MEA o:

I

a thickness of 400 pum using carbon paper for the gas

diffusion layers, a mode arranging projections having a

taper of a height of 150 um and a width (base part) of 2

mm at i1ntervals of 0.3 mm outward from the outer

peripheral ends of the second gas diffusion layer may be

mentioned.

The polymer electrolyte membrane which 1s used for
the membrane electrode assembly according to the present
invention 1s not particularly limited so long as it has a
high 1on conductivity, electron insulating ability, and

gas 1mpermeability. A known polymer electrolyte membrane

is sufficient. As typical examples, proton (H') conductive

F
aaal

resins having skeletons of fluorine-contalning polymers

and having sulfonic acid groups, carboxyl groups,

phosphoric acid groups, phosphono groups, or other groups

gr—

may be mentioned. The thickness of the polymer

electrolyte membrane has a large effect on the

resistance, so a thinner membrane 1s sought so long as

not detracting from the electron i1nsulating ability and

gas 1mpermeability, specifically the thickness 1s set to

> to 50 um, preferably 10 to 30 um in range. As typical

P

examples of the polymer electrolyte membrane, perfluoro

polymers having sulfonic acid groups at their side chains

such as a Nafion® membrane (made by DuPont) and Flemion®
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membrane (made by Asahil Glass) may be mentioned. Further,
a reinforced type polymer electrolyte membrane comprised

of an expanded porous polytetrafluorocethylene membrane in

which an 1on exchange resin is impregnated such as GORE-

SELECT® (made by Japan Gore-tex) may be sultably used.
The electrode layer which is used for the membrane
electrode assembly according to the present invention is
not particularly limited so long as including catalyst
particles and an ion exchange resin. A conventional known

F
—

one may be used. The catalyst 1s usually comprised of a

conductive material carrying catalyst particles. The
catalyst particles should be ones having a catalytic

action on the oxidation reaction of hydrogen or reduction

reaction of oxygen. In addition to platinum (Pt) or other

P
pra—

precious metals, 1ron, chrome, nickel, etc. and alloys of

the same may be used. As the conductive material, carbon

particles, for example carbon black, activated carbon,
graphite, etc., are suitable. In particular, fine powder
particles are preferably used. Typically, carbon black

p—

particles of a surface area of 20=H@/g Or more carryling

precious metal particles, for example Pt particles or

particles of an alloy of Pt and other metals are used. In

particular, for an anode catalyst, Pt is susceptible to

carbon monoxide (CO) poilsonlng, sO when using a fuel

containing CO such as methanol, use of particles of an

alloy of Pt and ruthenium (Ru) is preferable. The 1ion
exchange resin 1in the electrode layers 1s a material

which supports the catalyst and serves as a binder

forming the electrode layers and performs the role otf

forming passages for movement of 1ons etc. formed by the
catalyst. As such an ion exchange resin, ones similar to

those explalined 1n relation to the polymer electrolyte

membrane can be used. The electrode layers are preferably
porous so that, at the anode side, hydrogen, methanol,
and other fuel gas, and, at the cathode side, oxygen,

air, and other oxidizing agent gas can contact the

bl

catalyst as much as possible. Further, the amount of
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catalyst contained in the electrode layers is 0.01 to 1
mg/cm?,jpreferably 0.1 to 0.5 mg/cm?‘rn range. The
thickness of the electrode layers is generally 1 to 20

um, preferably 5 to 15 ym 1n range.

The gas diffusion layer which 1s used for the
membrane electrode assembly according to the present
invention 1is a sheet material having conductivity and gas

permeability. As typical examples, carbon paper, carbon

woven fabric, carbon nonwoven fabric, carbon felt, or
another gas permeable conductive base material treated to
make 1t water repellent may be mentioned. Further, 1t 1s
also possible to use a porous sheet which is obtained

from carbon particles and a fluororesin. For example, 1t

1S possible to use a porous sheet obtained by forming

carbon black into a sheet using polytetrafluoroethylene

as a binder. The gas diffusion layer as a thickness of

generally 50 to 500 um, preferably 100 to 200 pm 1in

range.

The electrode layer, gas diffusion layer, and

polymer electrolyte membrane are bonded to fabricate a
mempbrane electrode assembly. As the bonding method, any
conventional known method may be employed so long as a
dense bond with a low contact resistance can be achieved
without harming the polymer electrolyte membrane. At the

F

time of bonding, 1t 1s possible to first assemble the

electrode layer and the gas diffusion layer to form the

anode electrode or cathode electrode, then bond these to
the polymer electrolyte membrane. For example, 1t 1s

possible to use a suitable solvent to prepare a coating

solution for electrode layer formation use including
catalyst particles and an ion exchange resin and coat

this on a sheet material for gas diffusion layer use sO

as to form an anode electrode or cathode electrode and
bond these to the polymer electrolyte membrane by a hot
press. Further, 1t 1s also possible to assemble the
electrode layer with the polymer electrolyte membrane,

then assemble the gas diffusion layer at i1its electrode
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layer side. When assembling the electrode layer and the
polymer electrolyte membrane, the screen printing method,
spray coating method, decal method, or other conventional
known method may be employed.

The resin material for the resin frame used for the

membrane electrode assembly according to the present

invention, as a precondition, exhibits sufficient
stability, specifically heat resistance, acid resistance,

hydrolysis resistance, creep resistance, etc. in the

usage environment of the fuel cell. Further, the resin

material 1s preferably provided with characteristics

suitable for molding, particularly preferably 1s high 1n

fluidity at the time of molding. Furthermore, when the

resin material 1s a thermoplastic resin, 1ts mold

shrinkage 1s preferably small. Further, when a
thermosetting resin, 1ts curing shrinkage 1s preferably
small. As the specific examples of the thermoplastic

resin, a liquid crystal polymer (LCP), polyphenylene

sulfide (PPS), polyether sulfone (PES), polysulfone
(PSFEF), polyether ether ketone (PEEK), polyimide (PI),
polybutylate terephthalate (PBT), polyamide (PA),

polypropylene (PP), polyurethane, polyolefin, or other

plastics or elastomers may be mentioned. As specific

P

examples of thermosetting resins, an epoxy resin, phenol

resin, dicyclopentadiene resin, silicone rubber,

fluororubber, ethylene propylene diene rubber (EPDM), or

other plastic or elastomer may be mentioned.

The resin frame used for the membrane electrode
assembly according to the present invention 1s provided
by molding. The molding includes i1njection molding,
reaction injection molding, transfer molding, direct
pressure molding, pour molding, etc. A person skilled 1in
the art can suitably select the molding method 1in

accordance wilth the properties of the resin used. The MEA

p—~ o~
—

at which the resin frame is provided is of a thickness of

F

a level of several hundred um, so it is necessary to

fabricate the mold defining the resin frame so as to
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[
T

comply with this. Further, to prevent a low strength M
from being crushed at the time of mold clamping, it is
preferable to provide a mandrel structure in the mold to

adjust the thickness of the MEA part. Furthermore, to

prevent the MEA from deviating in position at the time of

mold clamping, 1t 1s preferable to provide a suction

mechanism for fastening the MEA in place. In particular,

injection molding, reaction injection molding, and

transfer molding are useful 1n the point that the

placement of the insert, the molding, the removal of the

F

molded article, and the rest of the series of work can be

completely automated.
By alternately stacking, for 10 to 100 cells, MEAs

obtalned by in the above way with separators and cooling

parts so that the anode sides and the cathode sides of

the MEAs become predetermined sides, 1t 1s possible to

i

assemble a fuel cell stack.
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CLAIMS

1. A manufacturing method of a reinforced membrane electrode

assembly for solid polymer type fuel cell use comprising

preparing a membrane electrode assembly including a polymer

electrolyte membrane, a first electrode layer which 1s provided on

F

one side of said electrolyte membrane, a first gas diffusion layer

which is provided on said first electrode layer on the side

opposite to said electrolyte membrane, a second electrode layer

which is provided on the other side of said electrolyte membrane,
and a second gas diffusion layer which is provided on said second
electrode layer on the side opposite to said electrolyte membrane,
in which membrane electrode assembly, said first gas diffusion
laver and said first electrode layer being arranged on the surtface
of said electrolyte membrane so that the outer peripheral edge of
said first gas diffusion layer as a whole fits within the range of
the outer peripheral edge of said electrolyte membrane and so that

a surface region of said electrolyte membrane remains between the

outer peripheral edge of said first electrode layer and the outer
peripheral edge of said electrolyte membrane across the entire

circumference of the outer peripheral edge of said first electrode

F

layer and said second gas diffusion layer belng extended up to at

least part of the opposite side from said surface region across the
entire circumference of the outer peripheral edge of said
electrolyte membrane and

providing, at said membrane electrode assembly, a resin frame

by molding so as to surround all of the outer peripheral edge of

said electrolyte membrane and at least the parts of the outer

peripheral edges of said first and second gas diffusion layers near

said first and second electrode layers and so as to fasten at least

-

part of said surface region, at which time,
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providing a top mold and bottom mold used for said molding

with projections, said projections partially compressing at least

pr—

parts of said first and second gas diffusion layers, said

compressed part of said first gas diffusion layer being arranged to

be at a farther position than said compressed part of said second

gas diffusion layer as seen from a center part of said membrane
electrode assembly, whereby penetration of said resin frame
material to said first gas diffusion layer and/or said first
electrode layer is kept to a minimum and whereby warping and

e

deformation of the outer peripheral edges of sailid electrolyte

membrane, saild second electrode layer, and said second gas

diffusion layer are prevented.

2 . A method as set forth in claim 1 wherein said projections are
arranged to compress a part near the outer peripheral edge of said

first gas diffusion layer.

3. A method as set forth in claim 1 or 2 wherein said projections

are arranged in rim edge shapes continuously or discontinuously.

4 . A reinforced membrane electrode assembly for solid polymer

type fuel cell use which is produced by a method as described 1n

any one of claims 1 to 3.

5. A reinforced membrane electrode assembly for solid polymer
type fuel cell use as set forth in claim 4 wherein a center of
thickness of said membrane electrode assembly and a center of

thickness of said resin frame substantially match.



00000000000000000000

WO 2011/019093 PCT/JP2010/063954

Fig.1

P

%
NN\

L L LT

SOOOSNONNONANNANNAN M~—120
(L L L LS L A~130 010

NN N NN NN NNG~—140

W/“KIM &

{0

P

%



0 A _ \'/
022 --~§k‘\\\ ; AN
S
oo N N SR N N N\

1

AT



00000000000000000000

WO 2011/019093 PCT/JP2010/063954

gt

- 777027 A 330} 30
S 360

'lll 350

Fig A
%/ {((4 2o
T i(‘\'(\\\\\ 30/
) oo oo

%



P

|

L LT

NN\ 120
“““““ S S S S S S S A130 )
NN NN NN N NN NN NG~ 140

S~ S Ao

P




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - claims
	Page 30 - claims
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - abstract drawing

