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(57) ABSTRACT 

In order to obtain an electrolyte membrane-electrode assem 
bly using a thin electrolyte membrane, the present invention 
provides a production method of an electrolyte membrane 
electrode assembly comprising: a step of forming a hydro 
gen ion-conductive polymer electrolyte membrane on a base 
material; a treatment step of reducing adhesion force 
between the base material and the hydrogen ion-conductive 
polymer electrolyte membrane; a step of separating and 
removing the base material; and a step of bonding a catalyst 
layer and a gas diffusion layer onto the hydrogen ion 
conductive polymer electrolyte membrane, and, in order to 
obtain an electrolyte membrane-electrode assembly Which 
has a catalyst Without clogging and is excellent in electrode 
characteristics, the present invention provides a production 
method of an electrolyte membrane-electrode assembly 
comprising: a step of bonding a hydrogen ion-conductive 
polymer electrolyte membrane and a catalyst layer via a 
coating layer; a step of removing the coating layer; and a 
step of obtaining an electrolyte membrane-electrode assem 
bly by forming a gas diffusion layer on the catalyst layer. 

8 Claims, 13 Drawing Sheets 
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METHOD FOR MANUFACTURING FUEL 
CELL ELECTROLYTE FILM-ELECTRODE 

BOND 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a Section 371 of International Applica 
tion No. PCT/JP02/00257, ?led Jan. 16, 2002, the disclosure 
of which is incorporated herein by reference. 

TECHNICAL FIELD 

The present invention relates to an electrolyte membrane 
electrode assembly used for a polymer electrolyte fuel cell. 

BACKGROUND ART 

An electrolyte membrane-electrode assembly used for a 
polymer electrolyte fuel cell (PEFC) is obtained by bonding 
a ?rst gas diffusion electrode as an anode and a second gas 
diffusion electrode as a cathode to a ?lm-shaped hydrogen 
ion-conductive polymer electrolyte membrane as an electro 
lyte. The gas diffusion electrode is composed of a gas diffu 
sion layer and a catalyst layer, and the gas diffusion layer is 
constituted of porous carbon paper or the like. The catalyst 
layers of the anode and cathode are constituted of noble 
metal ?ne particles and carbon particles carrying these ?ne 
particles thereon. 
As shown in FIG. 10(b), an electrolyte membrane 

electrode assembly for the PEFC is obtained by bonding gas 
diffusion electrodes 146 and 147 to a ?lm-shaped polymer 
electrolyte membrane 141 as the electrolyte. The polymer 
electrolyte membrane 141 is typically supplied with a roll. 

FIG. 10(a) shows one example of production methods of 
the electrolyte membrane-electrode assembly, and herein, 
carbon paper (gas diffusion layers) 142 and 144 with catalyst 
layers 143 and 145 formed thereon are press-contacted with 
the polymer electrolyte membrane 141 by hot pressing. 
Another method is to form the catalyst layer on the polymer 
electrolyte membrane in advance by transfer-printing, print 
ing or the like, and carbon paper is then press-contacted 
therewith. 

In the catalyst layer 143 on the anode side, a reaction 
represented by the formula (1) occurs: 

while, in the catalyst layer 145 on the cathode side, a reac 
tion represented by the formula (2) occurs: 

When the above reactions occur, protons (hydrogen ions) 
generated in the anode migrate to the cathode through the 
polymer electrolyte membrane 141. 

Such a PEFC is required to generate a high output voltage, 
for which it is of necessity for a polymer electrolyte mem 
brane used to have high proton conductivity, namely, to have 
low internal resistance. In order to obtain high proton 
conductivity, there are needs for the use of a material with 
high proton conductivity for the polymer electrolyte mem 
brane and for the use of as thin a membrane as possible. 

For a polymer electrolyte membrane in a typical PEFC 
used has been a polymer electrolyte membrane made of per 
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2 
?uorocarbon sulfonic acid ionomer, represented by Na?on 
1 12 produced by Du Pont in the US, and a membrane having 
a thickness of about 30 to 50 um has been put to practical 
use. 

A polymer electrolyte membrane made of per?uorocar 
bon sulfonic acid ionomer which has higher proton conduc 
tivity than aforesaid Na?on may by exempli?ed by a Fle 
mion S H membrane produced by Asahi Glass Co., Ltd.; 
however, there is a problem with this membrane that the 
membrane is more fragile and breakable than Na?on 112 
because of containment of the sulfonic acid group therein. A 
membrane in practical use therefore has a thickness of not 
less than about 50 pm. 

In order to make the polymer electrolyte membrane 
thinner, for example, Japanese Laid-Open Patent Publication 
No. Hei 08-162132 discloses a method in which a porous 
cloth made of polytetra?uoroethylene is used as a core mem 
ber and in the porous part thereof, a polymer electrolyte 
resin is impregnated so as to form a polymer electrolyte 
membrane imparted with high intensity. 
The examples of speci?c products produced by this 

method may include a GORE-SELECT membrane produced 
by JAPAN GORE-TEX INC. This type of membrane with a 
thickness of as thin as about 20 to 30 um has been in practi 
cal use by using a reinforcing material. 

Next, as for the production method of the electrolyte 
membrane-electrode assembly, there is a method in which an 
ink-like or paste-like mixture of the catalyst and the 
electrolyte, containing the catalyst, is applied onto the sur 
face of the electrolyte membrane or of the gas diffusion layer 
by printing, spraying or the like. In either method, after 
application of the mixture, the electrolyte membrane and the 
gas diffusion electrode are bonded to each other by hot 
pressing or the like (e.g., Japanese Laid-Open Patent Publi 
cation No. Hei 6-203849, Japanese Laid-Open Patent Publi 
cation No. Hei 8-8801 1 and Japanese Laid-Open Patent Pub 
lication No. Hei 8-106915.) 

There is another production method of the electrolyte 
membrane-electrode assembly, in which the catalyst layer 
formed on the base material in advance is transfer-printed to 
the electrolyte membrane by hot pressing or thermoroll (e. g., 
Japanese Laid-Open Patent Publication No. Hei 10-64574). 
This method is excellent from the viewpoints of control on 
and uniformity of the ?lm thickness of the catalyst layer, 
production e?iciency and cell performance. 

However, the conventional production method comprises 
a step of handling the electrolyte membrane without using 
the base material for the electrolyte membrane. Thereby, 
when the electrolyte membrane with a ?lm thickness less 
than 20 um and lower intensity is used, for example, it has 
been extremely di?icult to produce the electrolyte 
membrane-electrode assembly without breakage of the elec 
trolyte membrane. 

That is to say, when drawing stress or sheering stress is 
directly applied to the electrolyte membrane with a thin ?lm 
thickness in the state that the base material for the electrolyte 
membrane is not present in the process of producing the 
electrolyte membrane-electrode assembly, defects such as a 
pinhole, breakage and crack easily occur. These defects 
cause occurrence of crossover of a fuel gas and air or of 
short-circuit in the electrolyte membrane-electrode 
assembly, raising a problem of signi?cant deterioration of 
performance of the PEFC. 

Moreover, since the polymer electrolyte having high pro 
ton conductivity such as per?uorocarbon sulfonic acid iono 
mer contains a hydrophilic group such as the sulfonic acid 
group in the molecular chain, ionomer soluble to water tends 
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to gradually ?oW into the gas diffusion layer such as carbon 
paper in operation of the fuel cell. For this reason, there has 
been a problem that a reaction area of a triphasic interface, 
formed of a pore as a supply channel of a reaction gas, a 
polymer electrolyte having proton conductivity due to con 
tainment of Water and an electrode material as an electron 

conductor, gradually becomes smaller, decreasing cell out 
put. Further, there has been another problem that, When a 
current collector having a gas ?oW channel arranged in the 
outside of the assembly of the polymer electrolyte mem 
brane and the electrode is made of metal, the assembly is 
gradually corroded With dissolved acidic ionomer, signi? 
cantly loWering reliability of the fuel cell. 

In order to solve the above problems, therefore, it is an 
object of the present invention to provide an electrolyte 
membrane-electrode assembly for a polymer electrolyte fuel 
cell With loW internal resistance and of great poWer, Which 
can use per?uorocarbon sulfonic acid ionomer having high 
proton conductivity and comprises a thin polymer electro 
lyte membrane capable of being formed on a catalyst layer. 

It is also an object of the present invention to provide an 
electrolyte membrane-electrode assembly for a polymer 
electrolyte fuel cell, Which has a uniform ?lm thickness to 
cause no clogging in the porous part of the catalyst layer of 
the gas diffusion electrode by preventing soakage of the raW 
material solution of the polymer electrolyte membrane into 
the porous part, thereby having excellent electrode proper 
ties. 

It is further an object of the present invention to provide 
an electrolyte membrane-electrode assembly using a poly 
mer electrolyte having high proton conductivity and exhibit 
ing excellent durability and high performance, and a poly 
mer electrolyte fuel cell constituted using this assembly. 

DISCLOSURE OF INVENTION 

The present invention relate to a production method of an 
electrolyte membrane-electrode assembly for a polymer 
electrolyte fuel cell, comprising: a gas diffusion electrode 
having a gas diffusion layer and a catalyst layer; and a 
hydrogen ion-conductive polymer electrolyte membrane 
bonded to the gas diffusion electrode, the method being 
characterized by comprising: a step of forming a hydrogen 
ion-conductive polymer electrolyte membrane on a base 
material; a treatment step of reducing adhesion force 
betWeen the base material and the hydrogen ion-polymer 
electrolyte membrane; a step of separating and removing the 
base material; and a step of bonding a catalyst layer and a 
gas diffusion layer onto the hydrogen ion-conductive poly 
mer electrolyte membrane. 

It is preferable that the production method comprises a 
step of transfer-printing a membrane at least one time and 
the hydrogen ion-conductive polymer electrolyte membrane 
is supported by the base material until an electrolyte 
membrane-electrode assembly is obtained. 

It is also preferable that the production method comprises: 
a step (1) of forming a hydrogen ion-conductive polymer 
electrolyte membrane on a ?rst base material and a second 
base material; a step (2) of forming a catalyst layer on the 
hydrogen ion-conductive polymer electrolyte membrane 
formed on the base material; a step (3) of attaching by pres 
sure and bonding a gasket and a gas diffusion layer onto the 
hydrogen ion-conductive polymer electrolyte membrane and 
the catalyst layer on the base material; a step (4) of separat 
ing and removing the base material to obtain a ?rst semi 
assembly and a second-semi assembly; and a step (5) of 
attaching by pressure the ?rst semi-assembly to the second 
semi-assembly While the hydrogen ion-conductive polymer 
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4 
electrolyte membranes thereof are mutually opposed to 
obtain an electrolyte membrane-electrode assembly, and the 
method further comprises, betWeen the steps (1) and (4), a 
treatment step of reducing adhesion force betWeen the base 
material and the hydrogen ion-conductive polymer electro 
lyte membrane. 

It is also preferable that the production method comprises: 
a step (I) of forming a catalyst layer on a ?rst base material 
and a second base material; a step (II) of forming a hydrogen 
ion-conductive polymer electrolyte membrane on the cata 
lyst layer such that the membrane covers the catalyst layer 
formed on the base material and on the periphery of the 
catalyst layer; a step (III) of attaching by pressure the ?rst 
base material to the second base material While the hydrogen 
ion-conductive polymer electrolyte membranes thereof are 
mutually opposed to obtain a pre-assembly; a step (IV) of 
separating and removing the ?rst base material from the pre 
assembly; a step (V) of attaching by pressure a gas diffusion 
layer and a gasket onto the catalyst layer and the hydrogen 
ion-conductive polymer electrolyte membrane Which are 
exposed by the step (IV); a step (VI) of separating and 
removing the second base material from the pre-assembly; 
and a step (VII) of attaching by pressure a gas diffusion layer 
and a gasket onto the catalyst layer and the hydrogen ion 
conductive polymer electrolyte membrane Which are 
exposed by the step (VI) to obtain an electrolyte membrane 
electrode assembly, and the method comprises, betWeen the 
steps (II) and (IV) and/or betWeen the steps (IV) and (VII), a 
treatment step of reducing adhesion force betWeen the base 
material and the hydrogen ion-conductive polymer electro 
lyte membrane. 

It is also preferable that the step of forming a hydrogen 
ion-conductive polymer electrolyte membrane on a base 
material is a step of transfer-printing a hydrogen ion 
conductive polymer electrolyte membrane formed on a base 
material for transfer-printing, to the base material. 

It is also preferable that the surface or the Whole of the 
base material is constituted of a material Which reduces the 
adhesion property to the hydrogen ion-conductive polymer 
electrolyte membrane by heating, or a material Which evapo 
rates or sublimates by heating, and the treatment step is a 
step of heating the base material. 

It is also preferable that the surface or the Whole of the 
base material is constituted of a material Which reduces the 
adhesion property to the hydrogen ion-conductive polymer 
electrolyte membrane by cooling, and the treatment step is a 
step of cooling the base material. 

It is also preferable that the surface or the Whole of the 
base material is constituted of a material Which reduces the 
adhesion property to the hydrogen ion-conductive polymer 
electrolyte membrane by irradiating active light rays, or a 
material Which evaporates or sublimates by irradiating active 
light rays, and the treatment step is a step of irradiating the 
base material With active light rays. 

It is further preferable that the base material comprises on 
the surface thereof an adhesion layer capable of dissolving in 
a solvent, and the treatment step is a step of bringing the base 
material in contact With a solvent. 

It is also preferable that the treatment step is a step of 
depressuriZing or pressuriZing the face of the base material 
opposite to the face thereof With the hydrogen ion 
conductive polymer electrolyte membrane formed. 

It is further preferable that the production method com 
prises a step of arranging a reinforcing ?lm made of a frame 
shaped hydrogen ion-conductive ?lm or gas diffusive ?lm, 
betWeen the hydrogen ion-conductive polymer electrolyte 
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membrane and the catalyst layer, between the catalyst layer 
and the gas diffusion layer or betWeen the hydrogen ion 
conductive polymer electrolyte membranes, in a clearance 
betWeen the gasket and the gas diffusion electrode in order 
to reinforce the hydrogen ion-conductive polymer electro 
lyte membrane. 
The present invention further relates to a production 

method of an electrolyte membrane-electrode assembly for a 
polymer electrolyte fuel cell, the electrolyte membrane 
electrode assembly having: a hydrogen ion-conductive poly 
mer electrolyte membrane; and a gas diffusion electrode 
Which contains a catalyst layer and a gas diffusion layer and 
is bonded to both faces of the hydrogen ion-conductive poly 
mer electrolyte membrane, the method being characterized 
by comprising: a step of bonding a hydrogen ion-conductive 
polymer electrolyte membrane and a catalyst layer via a 
coating layer; a step of removing the coating layer; and a 
step of obtaining an electrolyte membrane-electrode assem 
bly by forming a gas diffusion layer on the catalyst layer. 

It is preferable that the method comprises: a step (al) of 
forming a coating layer on a catalyst layer; a step (bl) of 
applying a hydrogen ion-conductive polymer electrolyte 
solution onto the coating layer; a step (cl) of removing the 
coating layer to obtain an electrolyte membrane-catalyst 
layer assembly; and a step (d1) of forming a gas diffusion 
layer on the catalyst layer. 

It is preferable that the production method comprises: a 
step (a2) of forming a hydrogen ion-conductive polymer 
electrolyte membrane on a polymer ?lm; a step (b2) of 
arranging a catalyst layer on the polymer ?lm; a step (c2) of 
removing the polymer ?lm to obtain an electrolyte 
membrane-catalyst layer assembly; and a step (d2) of form 
ing a gas diffusion layer on the catalyst layer. 

It is also preferable that the method comprises: a step (a3) 
of forming a coating layer containing a hydrogen ion 
conductive polymer electrolyte on a catalyst layer; a step 
(b3) of applying a hydrogen ion-conductive polymer electro 
lyte solution onto the coating layer; a step (c3) of removing 
the coating layer to obtain an electrolyte membrane-catalyst 
layer assembly; and a step (d3) of forming a gas diffusion 
layer on the catalyst layer. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a vertical sectional vieW representing a step of 
forming an electrolyte membrane and a step of forming a 
catalyst layer in accordance With one embodiment of the 
present invention. 

FIG. 2 is a vertical sectional vieW representing steps sub 
sequent to the steps in FIG. 1 until separation and removal of 
a base material for the electrolyte membrane. 

FIG. 3 is a vertical sectional vieW representing steps sub 
sequent to the steps in FIG. 2 until constitution of an electro 
lyte membrane-electrode assembly. 

FIG. 4 is a vertical sectional vieW representing steps from 
formation of the catalyst layer to separation and removal of 
one electrolyte membrane base material in another embodi 
ment of the present invention. 

FIG. 5 is a vertical sectional vieW representing steps sub 
sequent to the steps in FIG. 4 until separation and removal of 
the other electrolyte membrane base material. 

FIG. 6 is a vertical sectional vieW representing steps sub 
sequent to the steps in FIG. 5 until constitution of an electro 
lyte membrane-electrode assembly. 

FIG. 7 is a vertical sectional vieW representing the produc 
tion process of the electrolyte membrane-electrode assembly 
for a fuel cell in Example 3. 
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6 
FIG. 8 is a vertical sectional vieW representing the produc 

tion process of the electrolyte membrane-electrode assembly 
for a fuel cell in Example 4. 

FIG. 9 is a vertical sectional vieW representing the produc 
tion process of the electrolyte membrane-electrode assembly 
for a fuel cell in Example 5. 

FIG. 10 is a vertical sectional vieW representing the pro 
duction process of the electrolyte membrane-electrode 
assembly for a fuel cell in Comparative Example 2. 

FIG. 11 is a vertical sectional vieW representing the pro 
duction process of the electrolyte membrane-electrode 
assembly for a fuel cell in Comparative Example 3. 

FIG. 12 is a diagram conceptually representing the inter 
action of ionomer and bifunctional amine in the catalyst 
layer of the electrolyte membrane-electrode assembly in 
Reference Example 1 of the present invention. 

FIG. 13 is a diagram conceptionally representing the 
interaction of ionomer and the basic functional group on the 
carbon ?ne poWder in the catalyst layer of the electrolyte 
membrane-electrode assembly in Reference Example 2 of 
the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

(1) First Production Method: 
The present invention ?rstly relates to a production 

method of an electrolyte membrane-electrode assembly for a 
polymer electrolyte fuel cell, comprising: a gas diffusion 
electrode having a gas diffusion layer and a catalyst layer; 
and a hydrogen ion-conductive polymer electrolyte mem 
brane bonded to the gas diffusion electrode, characterized by 
comprising: a step of forming a hydrogen ion-conductive 
polymer electrolyte membrane on a base material for the 
electrolyte membrane (hereinafter also referred to as, 
simply, “base material”); a treatment step of reducing adhe 
sion force betWeen the base material and the hydrogen ion 
polymer electrolyte membrane; a step of separating and 
removing the base material; and a step of bonding a catalyst 
layer and a gas diffusion layer onto the hydrogen ion 
conductive polymer electrolyte membrane. 

According to the present invention, even When an electro 
lyte membrane With a thin ?lm thickness is used, it is pos 
sible to produce the electrolyte membrane-electrode assem 
bly Without breakage of the electrolyte membrane. 

First, in the production method of the present invention, 
the electrolyte membrane is formed on the base material 
either by forming the electrolyte membrane directly on the 
base material by a solvent casting method or the like or by 
transfer-printing the electrolyte membrane produced on the 
base material for transfer-printing onto the base material for 
the electrolyte membrane. The electrolyte membrane can 
thereby be handled in the state of being carried by the base 
material, from a step of forming the electrolyte membrane 
through a step of bonding and integrating the base material 
having the electrolyte membrane and the catalyst layer 
formed on the electrolyte membrane, and cell members 
including a gas diffusion layer and a gasket. 

Furthermore, in a step of separating and removing the 
base material from the assembly of the cell members and the 
base material With the electrolyte-catalyst layer formed, 
each of the cell members attached by pressure serves to sup 
port and protect the electrolyte membrane. Also in a step of 
producing an electrolyte membrane-electrode assembly With 
an anode and a cathode arranged by attaching by pressure 
the respective electrolyte membranes of the tWo semi 
assemblies of the electrolyte membrane and the electrode as 
thus constituted (a ?rst semi-assembly and a second semi 
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assembly) to each other, each of the cell members thus 
attached by pressure plays the role of the base material in 
protecting the electrolyte membrane. 

Moreover, in the production method of the present 
invention, after formation of the catalyst layer on the base 
material, the electrolyte membrane is formed on the catalyst 
layer and on the base material being on the periphery of the 
catalyst layer. Subsequently, the respective faces on the elec 
trolyte membrane side of the tWo base materials, on Which 
the catalyst layer and the electrolyte membrane have been 
formed, are mutually opposed to be attached by pressure to 
each other so as to form an assembly. In each of these steps, 
each electrolyte membrane is handled as being supported by 
the base material. One base material is then separated and 
removed from this assembly and the cell members including 
the gas diffusion layer and the gasket are bonded to the face 
on the catalyst layer side exposed due to the separation and 
removal. In each of these steps, each electrolyte membrane 
is supported by the other base material. After attachment by 
pressure of the cell members, in each of the steps from sepa 
ration and removal of the other base material to completion 
of the polymer membrane electrode assembly, each of the 
cell members thus attached by pressure serves to support and 
protect the electrolyte membrane. 

In this manner, according to the production method of the 
present invention, the electrolyte membrane is at all times 
protected by the base material, or the base material for 
transfer-printing or the cell members, Which have the corre 
sponding role to the base material. Even in a case Where an 
electrolyte membrane With Weak mechanical strength by 
reason that the ?lm thickness thereof is thin or the like is 
used, accordingly, an electrolyte membrane-electrode 
assembly and a PEFC using the same can be produced With 
out causing damage to the electrolyte membrane. Namely, 
according to the present invention, because stress applied to 
the electrolyte membrane by printing, transfer-printing, hot 
pressing or the like in the production process of the electro 
lyte membrane-electrode assembly is absorbed by the base 
material, the cell members playing the corresponding role to 
the base material or the like, large stress is not applied to the 
electrolyte membrane, and hence does not cause damage to 
the electrolyte membrane even When it is With laW intensity. 

In the production method of the present invention, at least 
anyWhere betWeen the step of forming the electrolyte mem 
brane on the base material and the step of separating and 
removing the base material, betWeen the step of forming the 
electrolyte membrane and the step of separating and remov 
ing one base material, and betWeen the step of separating 
and removing one base material and the step of separating 
and removing the other base material, it is necessary to con 
duct a treatment step for decreasing adhesion force betWeen 
the base material and the electrolyte membrane. As for such 
a treatment step, effective treatment steps may include, for 
example, irradiation of active light rays such as ultraviolet 
rays, X-rays, gamma rays or electron rays, heating, cooling, 
contact With a solvent or application of a pressure difference 
by the use of vapor. 
(i) Embodiment l 
Embodiment l for the production method of an electrolyte 

membrane-electrode assembly in the present invention Will 
be described by means of FIGS. 1 to 3: FIG. 1 shoWs steps of 
sequentially forming an electrolyte membrane 2 and a cata 
lyst layer 6 on a base material 3. First, a hydrogen ion 
conductive polymer electrolyte solution is applied to a base 
material 1 for transfer-printing With a coater, folloWed by 
drying, to form the electrolyte membrane 2 on the base 
material 1 for print-transfer, as in FIG. 1(a). Subsequently, as 
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8 
in FIG. 1(b), the other base material 3 capable of decreasing 
adhesion force of the surface is attached by pressure to the 
electrolyte membrane 2 on the base material 1 for transfer 
printing With a laminating machine 4 such that the air does 
not get in the respective bonding parts. Next, as in FIG. 1(c), 
the base material 1 for transfer-printing is separated and 
removed from the electrolyte membrane 2, and the electro 
lyte membrane 2 is transfer-printed onto the base material 3. 

Further, as in FIG. 1(d), the electrolyte membrane 2 
transfer-printed onto the base material 3 and a catalyst layer 
6 formed on the base material 5 for the catalyst layer are 
piled to be attached by pressure to each other With the use of 
a hot pressing machine 7. The base material 5 for the catalyst 
layer is then separated from the catalyst layer 6, and as in 
FIG. 1(e), the catalyst layer 6 is transfer-printed onto the 
electrolyte membrane 2. As thus described, since the electro 
lyte membrane 2 is supported by the base material 1 for 
transfer-printing in the steps of FIGS. 1(a) and (b) and it is 
supported by the base material 3 for the electrolyte mem 
brane in each of the steps FIGS. 1(c) to (e), it should not 
sustain damage. 
While FIG. 1 shoWs the example of forming the electro 

lyte membrane 2 by the transfer-printing method, it is also 
possible to form the electrolyte membrane 2 directly on the 
base material 3 by a solvent casting method in Which an 
electrolyte solution is applied onto the base material 3, fol 
loWed by drying. 

Next, FIG. 2 shoWs steps from formation of the catalyst 
layer 6 on the electrolyte membrane 2 to separation and 
removal of the base material 3 from the electrolyte mem 
brane 2. First, as in FIG. 2(a), ultraviolet rays are irradiated 
With an ultraviolet lamp 8 from the back face of the base 
material 3 on Which the electrolyte membrane 2 and the 
catalyst layer 6 have been formed. By a treatment step such 
as ultraviolet irradiation, it is possible to get rid of most of 
the adhesion force betWeen the electrolyte membrane 2 and 
the base material 3 generated in forming the electrolyte 
membrane 2 on the base material 3 by the transfer-printing 
method, the solvent casting method or the like. 

Then, as in FIG. 2(b), a gas diffusion layer 10 repellent 
treated in advance, a gasket 9 and a hydrogen ion-conductive 
?lm 11 are arranged on the base material-electrolyte 
membrane-catalyst layer assembly having been irradiated 
With ultraviolet rays and then these materials are attached by 
pressure With the use of a hot pressing machine 12 to be 
integrated as in FIG. 2(c). In the above steps of FIGS. 2(a) to 
(c), the electrolyte membrane 2 sustains no damage as being 
supported by the base material 3. Thereafter, the base mate 
rial 3 is separated from the base material 2 as in FIG. 2 (d) to 
obtain a semi-assembly 13 of the electrolyte membrane and 
the electrode. 

In the step of FIG. 2(d), the electrolyte membrane 2 
adheres to the cell members including the gas diffusion layer 
10, the gasket 9 and the hydrogen ion-conductive ?lm 11 
processed to be frame-shaped, to be integrated. For this 
reason, stress applied to the base material 2 in separating the 
base material 3 is alleviated by these cell members. As thus 
described, in addition to support and protection for the base 
material 2 by these cell members, adhesion force to the base 
material 3 has been decreased by the aforesaid treatment 
step, thereby facilitating separation of the base material 3 
Without causing any damage to the electrolyte membrane 2 
to obtain the semi-assembly 13 of the electrolyte membrane 
electrode. 
Even When the aforesaid treatment for decreasing adhe 

sion force is conducted on the base material 3 With the elec 
trolyte membrane 2 and the catalyst layer 6 formed thereon 
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as in FIG. 2(a), or even When the treatment is conducted, for 
example, on the base material 3 after being integrated With 
the cell members as in FIG. 2(c), the similar effects can be 
obtained. A gas diffusive ?lm may be used in place of the 
hydrogen ion-conductive ?lm 11. When the gas diffusion 
layer 10 and the gasket 9 as the cell members are attached by 
pressure to the base material-electrolyte membrane-catalyst 
layer assembly, the electrolyte membrane 2 is almost thor 
oughly supported by these materials. Simultaneous attach 
ment by pressure of the hydrogen ion-conductive ?lm 11 or 
the gas diffusive ?lm results in an increased effect of protect 
ing the electrolyte membrane, especially in the vicinity of 
the gap betWeen the gasket and the gas diffusion electrode. 

FIG. 3 shoWs steps of producing an electrolyte 
membrane-electrode assembly by integrating the ?rst semi 
assembly 13 of the electrolyte membrane-electrode and a 
second semi-assembly 14 Without the hydrogen ion 
conductive ?lm 11 being attached by pressure thereto as thus 
produced. The respective electrolyte membranes 2a and 2b 
of the semi-assemblies 13 and 14 are mutually opposed as in 
FIG. 3(a), Which are then attached by pressure to each other 
With the use of a hot pressing machine 15 as in FIG. 3(b). 
Thereby, the electrolyte membrane-electrode assembly as 
shoWn in FIG. 3(c) can be obtained. Further, the assembly is 
stood still in a depressuriZed container for 10 minutes for 
deaeration of the assembly. 

In the aforesaid case, tWo of the semi-assemblies 14 With 
out hydrogen ion-conductive ?lm 11 being attached by pres 
sure thereto may be attached by pressure to each other With 
the frame-shaped hydrogen ion-conductive ?lm 11 or the gas 
diffusive ?lm interposed therebetWeen to produce the elec 
trolyte membrane-electrode assembly. It is thereby possible 
to obtain the effect of protecting the electrolyte membrane in 
the vicinity of the gap betWeen the gasket and the gas diffu 
sion electrode. 
(ii) Embodiment 2 
An embodiment of a second production method of the 

present invention Will be described by means of FIGS. 4 to 6: 
FIG. 4 shoWs steps from formation of a catalyst layer 22 

on a base material 21 for an electrolyte membrane to separa 
tion and removal of a base material 21a, Which is one of tWo 
base materials 21a and 21b (semi-assemblies) With the cata 
lyst layer 22 and the electrolyte membrane 23 formed 
thereon, from an assembly obtained by attachment by pres 
sure of respective electrolyte membranes 23a and 23b of the 
base materials 21a and 21b. 

First, the catalyst layer 22 is formed on the base material 
21 as in FIG. 4(a). The electrolyte membrane 23 is then 
formed over the area from the surface of the catalyst layer 22 
to the surface of the base material 21 outside the catalyst 
layer 22, as in FIG. 4(b). In this case, to the formation 
method of the electrolyte membrane 23 applied may be 
either a method of forming it directly on the base material 21 
With the catalyst layer 22 formed thereon or a method of 
transfer-printing the electrolyte membrane produced in 
advance on the base material for transfer-printing onto the 
base material 21. 

Subsequently, the respective electrolyte membranes 23a 
and 23b of the tWo base materials 21a and 21b With the 
catalyst layer 22 and the electrolyte membrane 23 formed 
thereon are mutually opposed as in FIG. 4(c), Which are then 
attached by pressure and bonded to each other With the use 
of a hot pressing machine 24 to obtain a pre-assembly 25. 
Then, the pre-assembly 25 is irradiated With ultraviolet rays 
by an ultraviolet lamp 26 from one face thereof, as in FIG. 
4(d). In each of the above steps FIGS. 4(a) to (d), each of the 
electrolyte membranes 23a and 23b sustains no damage as 
being supported by the respective base materials 21a and 
21b thereof. 
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Next, as in FIG. 4(e), the base material 21a is separated 

from the pre-assembly 25. In this case, a treatment step such 
as ultraviolet irradiation alloWs elimination of most of the 
adhesion force betWeen one base material 21a and the elec 
trolyte membrane 23a, and because the electrolyte mem 
brane 23a is supported by the base material 21b, it is possible 
to separate the base material 21a With ease Without causing 
any damage to the electrolyte membrane 23a. 

FIG. 5 shoWs steps of separation and removal of one base 
materials 21a from the pre-assembly 25 to separation and 
removal of the other base materials 21b from the same. 

First, as in FIG. 5(a), a pre-assembly 27, from Which the 
base material 21a has been separated, is irradiated With ultra 
violet rays With an ultraviolet lamp 28 from the side of the 
other base material 21b. Subsequently, the cell members 
including a gas diffusion layer 29, a gasket 30 and a frame 
shaped gas diffusive ?lm 31 are piled on the face on the side 
Where the layer 22a and the electrolyte membrane 23a of the 
assembly 27 irradiated With ultraviolet rays are exposed, 
Which are then attached by pressure With a hot pressing 
machine 32 to be integrated as in FIG. 5(c). In each of the 
steps FIGS. 5(a) to (c), the electrolyte membranes 23a and 
23b sustain no damage as being supported by the base mate 
rial 21b or by the cell members 29 to 31 attached by pres 
sure. 

Next, as in FIG. 5(d), the other base material 21b is sepa 
rated from the integrated matter as in FIG. 5(c). In this case, 
adhesion force betWeen the electrolyte membrane 23b and 
the base material 21b has been decreased due to the ultravio 
let irradiation and, further, the electrolyte membrane 23b is 
supported by each of the cell members attached by pressure 
so that the base material 21b can be easily separated and 
removed Without causing damage to the electrolyte mem 
brane 23b. The treatment such as ultraviolet irradiation to 
decrease adhesion force betWeen the electrolyte membrane 
and the base material has the similar effect even When con 
ducted after integration of the cell members With a pre 
assembly 27 irradiated With ultraviolet rays, as in FIG. 5(c). 

FIG. 6 shoWs steps for completion of the electrolyte 
membrane-electrode assembly in accordance With the 
present invention. As shoWn in FIG. 6(a), on the face Where 
the catalyst layer 22b and the electrolyte membrane 23b of 
the assembly (FIG. 5(d)), obtained by integrating the elec 
trolyte membranes 23a, 23b and the cell members 29 to 31, 
are exposed, a gasket 33 and a repellent-treated gas diffusion 
layer 34 are piled and attached by pressure With a hot press 
ing machine 35 to constitute an electrolyte membrane 
electrode assembly as in FIG. 6(b). 

In the production method in accordance With Embodi 
ment 2 of the present invention, as in the production method 
of Embodiment l, the essential as the cell members to be 
integrated are the gas diffusion layer and the gasket. Further, 
it is preferable that the frame-shaped gas diffusive ?lm or the 
hydrogen ion-conductive ?lm is integrated. 

In the production methods of Embodiments l and 2 of the 
present invention, When the electrolyte membrane is 
transfer-printed to the base material, it is necessary to make 
adhesion force betWeen the base material and the electrolyte 
membrane larger than that betWeen the base material for 
transfer-printing and the electrolyte membrane, or to be able 
to change adhesion force betWeen the base material and the 
electrolyte membrane to be smaller When the electrolyte 
membrane is formed on the base material, to a degree that 
the electrolyte membrane can be separated and removed 
With ease by the treatment step after formation of the electro 
lyte membrane. 
As for the material for the electrolyte membrane base 

material Which can make adhesion force to the electrolyte 


























