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An object of the present invention is to continuously produce an assembly including a polymer electrolyte membrane while
preventing the generation of warping, wrinkles of the electrolyte membrane, and uneven assembly. In order to attain such object, a
method for producing an assembly including a polymer-electrolyte membrane is provided. The method comprises a step of
preliminary pressure application wherein a pressure is continuously applied to a recipient sheet including a polymer electrolyte
membrane (10) and an assembling sheet including an assembling layer to be assembled to at least one surface of the recipient
sheet, the pressure being applied to the recipient sheet and the assembling layer of the assembling sheet being in contact with
each other, and a step of heated pressure application wherein the recipient sheet and the assembling sheet after the preliminary
pressure application step are subjected to continuous pressure application with heating.
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[Type of the Document] Abstract

An object of the present invention is to continuously
produce an assembly including a polymer electrolyte membrane
while preventing the generation of warping, wrinkles of the
electrolyte membrane, and uneven assembly.

In order to attain such object, a method for producing
an assembly including a polymer electrolyte membrane is
provided. The method comprises a step of preliminary pressure
application wherein a pressure is continuously applied to a
recipient sheet including a polymer electrolyte membrane (10)
and an assembling sheet including an assembling layer to be
assembled to at least one surface of the recipient sheet, the
pressure being applied to the recipient sheet and the assembling
layer of the\assembling sheet being in contact with each other,
and a step of heated pressure application wherein the recipient
sheet and the assembling sheet after the preliminary pressure
application step are subjected to continuous pressure

application with heating.

[Drawing Selected] FIG. 1

58



CA 03004257 2018-05~03

Description
Title of the Invention: METHOD AND DEVICE FOR MANUFACTURING
ASSEMBLY THAT INCLUDES POLYMER ELECTROLYTE MEMBRANE

Technical Field
[0001]

The present invention relates to a method and a device
for producing an assembly including a polymer electrolyte
membrane, and more specifically, a method and a device for
producing a catalyst coated membrane or a membrane-electrode
assembly.

Background Art
[0002]

Fuel cells are a type of electric generator which extract
electric energy by electrochemically oxidizing a fuel such as
hydrogen or methanol, and they are recently attracting
attention as a source of supply for clean energy. Of such fuel
cells, solid polymer fuel cells generally have low operation
temperature of around 100°C as well as high energy density.
Accordingly, their application for a wide range of relatively
small-scale distributed electric generator plants and electric
generator devices of automobiles, ships, and other mobile units
has become a focus of attention. Use as a power source for small
mobile instrument and mobile devices is also receiving a wide
attention, and their use on mobile phones and personal computers
instead of secondary battery such as nickel hydrogen battery
and lithium ion battery is highly awaited.

[0003]

A fuel cell is typically constituted from units which are
respectively a cell defined by a separator sandwiching a
membrane-electrode aésembly (MEA) constituted by electrodes,
namely an anode and a cathode which are the site of the reaction
generating the electric power and a polymer electrolyte
membrane which is the proton conductor between the anode and
the cathode. The production methods of the MEA are roughly
categorized into two categories. In the method of the first
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category, a catalyst coated membrane (CCM) is first prepared
by forming a catalyst layer on the surface of the polymer
electrolyte membrane, and gas diffusion layers (GDL) are
assembled on opposite surfaces of the CCM. In the method of
the second category, a gas diffusion electrode (GDE) having a
catalyst layer formed on the surface of the gas diffusion layer
is first produced, and this GDE is assembled on opposite sides
of the polymer electrolyte membrane.

[0004]

New applications for the polymer electrolyte membranes
have been developed in recent years particularly as materials
for hydrogen infrastructure-related devices, and quality of the
CCM and the MEA used in solid polymer electrolyte membrane-type
water electrolysis device, electrochemical hydrogen pump, and
the 1like have become an important issue in view of the durability
and the performance reliability.

[0005]

As an exemplary device or method for producing the CCM,
Patent Document 1 discloses a method wherein the catalyst layer
of the catalyst coated film is transferred to the electrolytic
membrane by hot press or hot rollers. Patent Document 2
proposes a device for producing a composite material wherein
the catalyst coated film and the preliminarily heated
electrolyte membrane are subjected to hot press by using heated
pressure application rollers to transfer the catalyst layer,
and then cooled by cooling rollers simultaneously with the
peeling of the film by peeling rollers.

[0006]

However, the transfer by hot press as described in Patent
Document 1 is incapable of accomplishing the continuous CCM
production. The transfer by the hot rollers (heated pressure
application rollers) described in Patent Documents 1 and 2, on
the other hand, may be capable of conducting the continuous CCM
production in roll form. However, the contact between the
catalyst layer coated film and the electrolyte membrane with

the hot rollers is linear contact, and such linear contact is
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incapable of uniformly applying the heat to the entire catalyst
layer coated film and electrolyte membrane, and this resulted
in the risk of warping of the CCM in the cooling stage after
the heated pressure application by the hot rollers.
Conceivably, the same problems will be caused in the MEA if these
methods were used for the MEA production by assembling the CCM
with the GDL or by assembling the polymer electrolyte membrane
with the GDE.

[0007]

In the meanwhile, a method wherein an ion exchange
membrane and an electrode substrate are assembled by applying
heat or pressure by a double belt press using a belt made of
steel or the like is proposed in Patent Document 3 as a method
for producing a MEA.

[0008]

In addition, as a method that can be used for either a
CCM or a MEA, Patent Document 4 discloses a method for producing
a CCM or a MEA comprising a heated pressure application step
wherein heat and pressure are applied by using rollers or belts
to a catalyst layer and an electrolyte membrane, or a gas
diffusion layer and a catalyst layer-loaded electrolyte
membrane that are in contact with each other; and a cooled
pressure application step wherein pressure is applied while
cooling the assembly.

Prior Art Documents
Patent Documents
[0009]

Patent Document 1: Japanese Unexamined Patent
Publication (Kokai) No. H10-64574

Patent Document 2: Japanese Unexamined Patent
Publication (Kokai) No. 2001-196070

Patent Document 3: Published Japanese Translation of PCT
International Publication JP No. 2004-528696

Patent Document 4: Japanese Unexamined Patent
Publication (Kokai) No. 2006-134611

Summary of the Invention
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Problems to Be Solved by the Invention
[0010]

In the method using a double belt press as in the case
of Patent Document 3 and a method using rollers and belts as
in the case of Patent Document 4, contact between the catalyst
layer—-carrying film and the electrolyte membrane with the belt
was surface contact and this contributed to the slight
improvement in the warping of the CCM or the MEA. However, these
methods still suffered from the problems of wrinkles of the
electrolyte membrane and uneven assembly.

[0011]

An object of the present invention is to continuously
produce an assembly including a polymer electrolyte membrane
while preventing the generation of warping, wrinkles of the
electrolyte membrane, and uneven assembly.

Means for Solving the Problems
[0012]

For the purpose of solving the problems as described above,
the present invention provides a method for producing an
assembly including a polymer electrolyte membrane comprising
a step of preliminary pressure application wherein a pressure
is continuously applied to a recipient sheet including a polymer
electrolyte membrane and an assembling sheet including an
assembling layer, the pressure being applied to the recipient
sheet and the assembling layer of the assembling sheet being
in contact with each other; and a step of heated pressure
application wherein the recipient sheet and the assembling
sheet after the preliminary pressure application step are
subjected to continuous pressure application with heating.
[0013]

The polymer electrolyte membrane used in the method for
producing an assembly including a polymer electrolyte membrane
of the present invention is not particularly limited as long
as it has proton conductivity and it functions as a solid polymer
electrolyte membrane for a fuel cell. It may be a known or

commercially available polymer electrolyte membrane and
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exemplary such membranes include electrolyte membranes
comprising a perfluorosulfonic acid such as “Nafion”
(Registered Trademark) manufactured by DuPont, “Flemion”
(Registered Trademark) manufactured by ASAHI GLASS CO., LTD.,
“Aciplex” (Registered Trademark) manufactured by Asahi Kasei
Corporation, and “GORE-SELECT” (Registered Trademark)
manufactured by Gore. Also included are polymer electrolyte
" membranes comprising a hydrocarbon polymer having a hydrocarbon
skeleton provided with proton conductivity. Exemplary such
hydreccarbon polymers include aromatic hydrocarbon polymers
having an aromatic ring in the backbone such as polysulfone,
polyether sulfone, polyphenylene oxide, polyarylene ether
polymer, polyphenylene sulfide, polyphenylene sulfide sulfone,
polyparaphenylene, peolyarylene polymer, polyarylene ketone,
polyetherketone, polyarylene phosphine oxide, polyether
phosphine oxide, polybenzoxazole, polybenzthiazole,
polybenzimidazole, aromatic polyamide, polyimide,
polyetherimide, and polyimide sulfone.

[0014]

“Polyether sulfone” is a generic name for polymers having
sulfone bond in their molecular chain, and “polyetherketone”
i1s a generic name for polymers having ether bond and ketone bond
in their molecular chain including polyetherketone ketone,
polyether ether ketone, polyether ether ketone ketone,
polyvetherketone ether ketone ketone, polyether ketone sulfone,
not limited to specific polymer structures.

[0015]

Of these polymers, polymers such as polysulfone,
polyether sulfone, polyphenylene oxide, polyarylene ether
polymer, polyphenylene sulfide, polyphenylene sulfide sulfone,
polyarylene ketone, polyetherketone, polyarylene phosphine
oxide, and polyether phosphine oxide are preferable for use in
view of mechanical strength, physical durability, workability,
and resistance to hydrolysis.

[0016]
More specifically, when the electrolyte membrane is the
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one comprising an aromatic hydrocarbon polymer, drying of the
surface of the electrolyte membrane or the catalyst coated

membrane will be significant when the pressure is applied with
high temperature heating from the start in the production of
the assembly including a polymer electrolyte membrane, and this
drying may result in the uneven transfer of the catalyst layer,
uneven assembly of the gas diffusion layer, and wrinkling, and
accordingly, use of the production method and the production
device of the present invention is preferable.

[0017]

The production method and the production device of the
present invention can be widely used in the production of the
assembly including a polymer electrolyte membrane, and their
use is particularly suitable for the production of CCM and MEA.
The recipient sheet is a sheet including a polymer electrolyte
membrane, and it may be the polymer electrolyte membrane itself.
The “assembling layer” is the layer which is to be assembled
to at least one surface of the recipient sheet, and the
assembling sheet is the sheet including such assembling layer
before the transfer to the recipient sheet. For example, in
the production of the CCM, the recipient sheet is a polymer
electrolyte membrane, the assembling sheet is a catalyst
transfer sheet, and the assembling layer is the catalyst laver
of the catalyst transfer sheet. 1In the production of the MEA,
the recipient sheet is the CCM, the assembling sheet is the GDL,
and the assembling layer is the GDL, or alternatively, the
recipient sheet is the polymer electrolyte membrane, the
assembling sheet is the GDE, and the assembling layer is the
GDE. Examples of the GDL include carbon paper, carbon cloth,
and carbon felt, and also, any of such material subjected to
water repellency treatment.

[oois]

The production method and the production device of the
present invention is not limited to the production of a CCM or
a MEA, and they may be generally used in the transfer of other
layer to the sheet including the polymer electrolyte membrane
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or in the assembly of other sheet with the sheet including the
polymer electrolyte membrane. For example, the production
method and the production device of the present invention can
be used in the transfer or assembling of additional layer in
the course of producing the CCM or the MEA or in further
assembling of a reinforcement layer to the MEA. The use of the
production method and the production device of the present
invention is also preferable, for example, in the assembling
of the polymer electrolyte membrane or the CCM with the frame
material to produce an assembly wherein the polymer electrolyte
membrane or the CCM is assembled with the frame material; in
the assembly of the polymer electrolyte membrane or the CCM
already having the frame material assembled therewith with the
GDL to produce the MEA; in the assembling of the GDL having the
frame material already assembled therewith with the polymer
electrolyte membrane or the CCM to produce the MEA.

[0019]

It is to be noted that the “frame material” is a member
which covers at least a part of the peripheral part of the polymer
electrolyte membrane. Such frame material is generally
incorporated in an assembly for the purpose of improving the
handling convenience of the electrolyte membrane or preventing
generation of the damages by direct contact of the electrolyte
membrane with the gasdiffusion layer. While the frame material
is typically a frame-shaped member that covers four edges of
the polymer electrolyte membrane, the flame member may also be
the one covering only two edges of the polymer electrolyte
membrane prepared by using a long member. In order to assemble
the frame material with the long polymer electrolyte membrane
used in the continuous production process, use of a frame
material in the form of a long sheet matching the size of the
polymer electrolyte membrane from which the unnecessary
interior part has been cut out to enable selective covering of
the edge parts is preferable. An assembly provided with such
frame material can be prepared by assembling the frame material

with the polymer electrolyte membrane and cutting the assembly.
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[0020]

In the production method of the present invention, a
preliminary pressure application step is first conducted so
that a pressure is continuocusly applied while the recipient
sheet and the assembling layer of the assembling sheet are in
contact with each other. The preliminary pressure application
step is a step wherein the continuous pressure application is
conducted at a temperature below the Tg of the polymer having
the lowest glass transition temperature (Tg) in the polymers
constituting the polymer electrolyte membrane. When a polymer
electrolyte membrane scolely comprising a polymer with unclear
Tg is used, the preliminary pressure application step is a step
wherein the continuous pressure application is conducted at a
temperature below the temperature of deflection under load. In
this description, the Tg of the polymer having the lowest Tg
in the polymers constituting the polymer electrolyte membrane,
or the HDT of the polymer electrolyte membrane when the polymer
electrolyte membrane solely comprises a polymer with unclear
Tg is hereinafter referred to as the “electrolyte
membrane-denaturing temperature”.

[0021]

In the preliminary pressure application step, the average
temperature elevation rate of the recipient sheet and the
assembling sheet is preferably set at a rate of up to 20°C/second.
The average temperature elevation rate in the preliminary
pressure application step is preferably up to 15°C/second and
more preferably up to 10°C/second. When the preliminary
pressure application step is conducted at least for 5 seconds,
the temperature elevation rate at 5 seconds after the beginning
of the preliminary pressure application step is preferably set
at up to 20°C/second, more preferably at up to 15°C/second, and
still more preferably at up to 10°C/second, and the temperature
elevation rate at any timing from the start to the end of the
preliminary pressure application step is preferably set at up
to 20°C/second, more preferably at up to 15°C/second, and still

more preferably at up to 10°C/second. When the temperature
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elevation rate is set as described above, generation of voids
and wrinkles on the CCM surface by the rapid evaporation of the
volatile contents such as water in the polymer electrolyte
membrane or the catalyst layer will be reduced. It is to be
noted that the average temperature elevation rate is measured
by placing a temperature element on the laminate of the
recipient sheet and the assembling sheet or the test sheet
resembling such laminate undergoing the preliminary pressure
application step.

[0022]

The material constituting the polymer electrolyte
membrane or the assembling layer typically contains some
moisture. When heat at 100°C or higher is suddenly applied to
such moisture with some pressure in this state, wrinkles or
warping may be generated in the polymer electrolyte membrane
or the assembly by the rapid evaporation of the water.
Accordingly, heating in the preliminary pressure application
step is preferably started from a temperature less than 100°C,
and more preferably, the state at less than 100°C is continued
for at least 1 second, and preferably for at least 5 seconds.
[0023]

The pressure application time in the preliminary
pressure application step is not particularly limited.
However, the pressure application time is preferably at least
0.1 second and up to 30 minutes. When the pressure application
time is less than 0.1 second, sufficient provisional securing
of the recipient sheet and the assembling sheet will not be
established, and the polymer electrolyte membrane may become
more susceptible to wrinkle generation. When the pressure
application time is in excess of 30 minutes, the very long
processing time may result in the reduced productivity. The
pressure application time in the preliminary pressure
application step is more preferably at least 1 second and up
to 10 minutes, and more preferably at least 1 second and up to
1 minute, and still more preferably at least 5 seconds and up
to 20 seconds.
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[0024]

In the preliminary pressure application step, the
pressure applied to the recipient sheet and the assembling sheet
is preferably 0.15 to 10 MPa. When the pressure is less than
0.15 MPa, the recipient sheet and the assembling sheet will be
in contact with each other while they will not be completely
adhered, and the polymer electrolyte membrane may become more
susceptible to wrinkle generation. When the pressure is in
excess of 10 MPa, excessive pressure will be applied to the
polymer electrolyte membrane, and increased damage of the
polymer electrolyte membrane may result in the reduced
durability of the assembly. The pressure in the preliminary
pressure application step is more preferably at least 0.5 MPa
and up to 7.0 MPa.

[0025]

The recipient sheet and the assembling sheet after the
preliminary pressure application step are then subjected to a
heated pressure application step wherein the pressure is
continuously applied to these sheets with heating. The heated
pressure application is a step wherein the pressure is
continuously applied while elevating the temperature of the
recipient sheet and assembling sheet to a temperature not below
the electrolyte membrane~denaturing temperature which is a
temperature higher than the temperature in the preliminary
pressure application step.

[0026]

The pressure application time in the heated pressure
application step is not particularly limited, and the pressure
application time is preferably at least 0.1 second and up to
10 minutes. When the pressure application time is less than
0.1 second, there is a risk that the assembling layer may not
be sufficiently transferred to the recipient sheet. When the
pressure application time is in excess of 10 minutes, the
polymer electrolyte membrane may suffer from thermal damages.
The pressure application time in the heated pressure

application step is more preferably at least 1 second and up

10
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to b minutes, more preferably at least 1 second and up to 1 minute,
and still more preferably at least 1 second and up to 20 seconds.
[0027]

The pressure applied to the recipient sheet and the
assembling sheet in the heated pressure application step may
be any pressure, and preferably a pressure in the range of 0.15
to 10 MPa. When the pressure is less than 0.15 MPa, there is
a risk that the assembling layer is not sufficiently transferred
to the recipient sheet. When the pressure is in excess of 10
MPa, the excessive pressure applied to the polymer electrolyte
membrane may result in the increased damages of the polymer
electrolyte membrane, and hence, in the reduced durability.
The pressure in the heated pressure application step is more
preferably at least 0.5 MPa and up to 7.0 MPa, and the pressure
in the heated pressure application step is preferably set at
a pressure substantially the same as the pressure in the
preliminary pressure application step.

[0028]

The pressure application in the preliminary pressure
application step and the heated pressure application step is
preferably conducted by surface contact or by a plurality of
linear contacts. It is to be noted that, in the present
invention, an embodiment wherein the pressure-applying member
and the pressure-receiving sheet are in contact with each other
along a single line as in the case of the pressure application
by a pair of rollers is referred to as the “linear contact”,
and the embodiment wherein the pressure-applying member and the
pressure-receiving sheet are in contact with each other along
a plane with certain width extending in the conveying direction
as in the case of the pressure application by a double belt
pressure application mechanism is referred to as the “surface
contact”, and furthermore, the embodiment wherein the pressure
application is conducted by a plurality of “linear contacts”
as in the case of the pressure application by two or more pairs
of rollers is referred to as the “a plurality of linear contacts”.
Of these, the pressure application in the preliminary pressure

11



CA 03004257 2018-05~03

application step and/or the heated pressure application step
ismost preferably accomplished by the surface contact. Inthis
case, the contact width between the pressure~-receiving sheet
and the pressure-applying member is not particularly limited,
and the width can be adequately determined according to the size
of the electrolyte membrane produced. Generally, the contact
is preferably accomplished along the conveying direction at a
width of at least 30 cm. An exemplary mechanism wherein the
contact 1s accomplished by surface contact is a double belt
pressure application mechanism wherein the recipient sheet and
the assembling sheet are sandwiched from opposite directions
by conveyer belts. An exemplary mechanism wherein the contact
is accomplished by a plurality of linear contacts is a roller
mechanism comprising two or more pairs of rollers.

[0029]

In the preliminary pressure application step and the
heated pressure application step, the pressure application is
preferably conducted at a constant pressure. The “constant
pressure” means that a substantially uniform pressure is loaded
to the contact plane with no pressure variation in the direction
perpendicular to the conveying direction. The pressure
variation in the plane of pressure application in each step is
not particularly limited as long as a substantially uniform
pressure is applied, while the pressure variation is preferably
up to 0.1 MPa. '

[0030]

More particularly, the preliminary pressure application
step and the heated pressure application step are preferably
continued so that the pressure application to the recipient
sheet and the assembling sheet is maintained. In other words,
the preliminary pressure application step and the heated
pressure application step are conducted so that the pressure
application is not interrupted between the two steps. In such
case, it is more preferable that the preliminary pressure
application step and the heated pressure application step are
continuously conducted at the same constant pressure. When the

12
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preliminary pressure application step and the heated pressure
application step are conducted by using a double belt pressure
application mechanism, the two steps are preferably continued
in the same double belt pressure application mechanism.
[0031]

Preferably, the assembly assembled in the heated pressure
application step is further subjected to a cooled pressure
application step wherein pressure is continuously applied to
the assembly with cooling. The cooled pressure application
step is a step wherein the pressure is continuously applied to
the assembly after the heated pressure application step while
the temperature of the assembly is cooled to a temperature below
the electrolyte membrane~denaturing temperature which is below
the temperature in the heated pressure application step. The
pressure application in the cocled pressure application step
may be conducted in the same manner as the preliminary pressure
application step and the heated pressure application step as
described above.

[0032]

In the cooled pressure application step, the pressure
application is preferably conducted at a constant pressure, and
preferably, the pressure in the cocled pressure application
step is set at a pressure substantially the same as the heated
pressure application step. In other words, the pressure
application in all of the preliminary pressure application step,
the heated pressure application step, and the cooled pressure
application step is preferably conducted by applying the same
force.

[0033]

The pressure application time in the cooled pressure
application step is not particularly limited while the pressure
application time is preferably at least 1 second and up to 50
minutes. When the pressure application time is less than 1
second, the polymer electrolyte membrane is rapidly cooled and
the rapid cooling may result in the disturbance of the boundary
between the polymer electrolyte membrane and the assembling

13
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layer. When the pressure application time is in excess of 50
minutes, the excessively long time that took for the cooling
may result in the damages by the heat. The pressure application
time in the cooled pressure application step is more preferably
at least 1 second and up to 10 minutes, and still more preferably
at least 1 second and up to 1 minute.

[0034]

In the cooled pressure application step, the pressure
applied to the polymer electrolyte membrane and the assembly
is preferably 0.15 to 10 MPa. When the pressure is less than
0.15 MPa, control of the difference in the stress strain caused
by the cooling between the polymer electrolyte membrane and the
assembling layer will be difficult, and this may invite peeling
at the boundary due to the strain at the interface and generation
of wrinkles after removing the pressure. When the pressure is
in excess of 10 MPa, excessive pressure will be applied to the
polymer electrolyte membrane with increased damages to the
polymer electrolyte membrane and the catalyst layer, and this
may result in the reduced durability. The pressure in the
cooled pressure application step is more preferably at least
0.5 MPa and up to 7.0 MPas.

[0035]

‘ The heated pressure application step and the cooled
pressure application step are preferably continuously
conducted with the pressure being continuously applied to the
assembly. Inother words, these steps are preferably conducted
so that the pressure is not removed from the assembly during
its movement from the heated pressure application step to the
cooled pressure application step, and most preferably, the
preliminary pressure application step, the heated pressure
application step, and the cooled pressure application step are
continuously conducted while the recipient sheet and the
assembling sheet or the resulting assembly obtained by
assembling these sheets are kept under the pressure. When the
preliminary pressure application step, the heated pressure
application step, and the cooled pressure application step are

14
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conducted by a double belt pressure application mechanism, it
is preferable that these steps are continuously conducted in
the same double belt pressure application mechanism.

[0036]

It is to be noted that the foregoing description is the
one for the production method of the present invention. As
readily understood from the foregoing description and the
following description of the embodiments, the present invention
also discloses the production device as described below for
conducting the production method as described above.

[0037] .
(1) A device for producing an assembly including a polymer
electrolyte membrane comprising

a preliminary pressure application section wherein a
pressure is continuously applied to a recipient sheet including
a polymer electrolyte membrane and an assembling sheet
including an assembling layer which is to be assembled to at
least one surface of the recipient sheet, the pressure being
applied to the recipient sheet and the assembling layer of the
assembling sheet being in contact with each other, and

a heated pressure application section, wherein the
recipient sheet and the assembling sheet after the preliminary
pressure application step are subjected to continuous pressure
application with heating.

[0038]

(2) Adevice for producing an assembly including a polymer
electrolyte membrane according to (1) wherein average
temperature elevation rate of the recipient sheet and the
assembling sheet in the preliminary pressure application
section is set at a rate of up to 20°C/sec.

[0039]

(3) Adevice for producing an assembly including a polymer
electrolyte membrane according to (1) or (2) wherein the
preliminary pressure application section and the heated

pressure application section are respectively constituted as

15
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a part of an integral double belt pressure application
mechanism.
[0040]

(4) A device for producing an assembly including a
polymer electrolyte membrane according to any one of (1) to (3)
further comprising a cooled pressure application section
wherein the assembly assembled in the heated ©pressure
application step 1is continuously subjected to pressure
application with cooling.

[0041]

(5) A device for producing an assembly including a
polymer electrolyte membrane according to (4) wherein the
preliminary pressure application section, the heated pressure
application section, and the cooled pressure application
section are respectively constituted as a part of an integral
double belt pressure application mechanism.

Advantageous Effect of the Invention
[0042]

The present invention 1is capable of producing an
assembly including a polymer electrolyte membrane such as CCM
and MEA while preventing the generation of warping, wrinkles of
the electrolyte membrane, and uneven assembly.

[0042a]

According to one aspect of the present invention, there
is provided a method for producing an assembly including a
polymer electrolyte membrane comprising a step of preliminary
pressure application wherein a pressure is continuously applied
to a recipient sheet including a polymer electrolyte membrane
and an assembling sheet including an assembling layer, the
recipient sheet and the assembling layver of the assembling

sheet being in contact with each other, and a step of heated
16
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pressure application wherein the recipient sheet and the
assembling sheet after the preliminary pressure application
step are subjected to continuous pressure application with
heating, wherein the preliminary pressure application step and
the heated pressure application step are continuously conducted
with the recipient sheet and assembling sheet being subjected
to the pressure application, and the temperature of the
recipient sheet and assembling sheet during passage through the
preliminary pressure application section for performing the
preliminary pressure application step is less than 100°C, and
the temperature of the recipient sheet and assembling sheet
immediately after passing the heated pressure application

section for performing the heated pressure application step is

at least 120°C and up to 180°C.
[0042Db]

According to another aspect of the present invention,
there is provided a device for producing an assembly including
a polymer electrolyte membrane comprising a preliminary
pressure application section wherein a pressure is continuously
applied to a recipient sheet including a polymer electrolyte
membrane and an assembling sheet including an assembling layer
which is to be assembled to at least one surface of the
recipient sheet, the recipient sheet and the assembiing layer
of the assembling sheet being in contact with each other, and a
heated pressure application section, wherein the recipient
sheet and the assembling sheet after the preliminary pressure
application step are subjected to continuous pressure
application with heating wherein the preliminary pressure
application section and the heated pressure application section

are respectively constituted as a part of an integral double

16a
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belt pressure application mechanism, and the temperature of the
recipient sheet and assembling sheet during passage through the

preliminary pressure application section is set to be less than

100°C, and the temperature of the recipient sheet and

assembling sheet immediately after passing the heated pressure

application section is set to be 120°C or higher and 180°C or
lower.

Brief Description of the Drawings

[0043]

[FIG. 1] FIG. 1 is a schematic view showing first embodiment
of the CCM production device according to an aspect of the
present invention.

[FIG. 2] FIG. 2 is a schematic view showing second embodiment
of the CCM production device according to an aspect of the
present invention.

[FIG. 3] FIG. 3 is a schematic view showing third embodiment
of the CCM production device according to an aspect of the
present invention.

[FIG. 4] FIG. 4 is a schematic view showing fourth embodiment
of the CCM production device according to an aspect of the
present invention.

[FIG. 5] FIG. 5 is a schematic view showing the CCM production
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device and the MEA production device used in Comparative Example
1-1 and Comparative Example 2-1.

[FIG. 6] FIG. 6 is a schematic view showing the CCM production
device and the MEA production device used in Comparative Example
1-2 and Comparative Example 2-2.

[FIG. 7] FIG. 7 is a schematic view showing the MEA production
device according to an embodiment of the present invention.
Description of Preferred Embodiments

[0044]

Next, the present invention is described by referring to
embodiments which are presented to facilitate understanding of
the invention and which by no means limit the scope of the
invention. The description of individual embodiment should be
understood as the description of the production method or
production device of the present invention corresponding to
generic concepts.

[0045]
<Production method and production device of CCM>

First, the method and device for producing a catalyst
coated membrane (CCM) having a catalyst layer formed on the
polymer electrolyte membrane according to an embodiment of the
present invention is described. 1In this embodiment, the
recipient sheet including a polymer electrolyte membrane is a
polymer electrolyte membrane itself, the assembling layer is
a catalyst layer, and the assembling sheet is a catalyst
transfer sheet. It is to be noted that the “assembling layer”
is a layer assembled on at least one surface of the recipient
sheet, and the “catalyst transfer sheet” is a sheet having a
catalyst layer on the substrate which is used in the transfer
of the catalyst layer to the polymer electrolyte membrane.
[0046]

[First embodiment]

FIG. 1 shows CCM production device 100 acccerding to the
first embodiment, and in this CCM production device 100, the
preliminary pressure application step is conducted as described
below. It is to be noted that, in the present description, the
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upper direction of each figure is referred to as the “upper”
and the lower direction of each figure is referred to as the
“lower” for the purpose of convenience while the “upper” and
“"lower” do not necessarily correspond to the direction vertical
to the ground.

[0047]

First, an electrolyte membrane-supplying roller 102
unwinds and supplies a polymer electrolyte membrane 10.
Catalyst transfer sheet-supplying roller 104A and 104B are
respectively provided on the upper and lower side of the unwound
polymer electrolyte membrane 10. Catalyst transfer sheet 20A
for forming a catalyst layer on the upper surface of the polymer
electrolyte membrane 10 is unwound and supplied from the
catalyst transfer sheet-supplying roller 104A and catalyst
transfer sheet 20B for forming a catalyst layer on the lower
surface of the polymer electrolyte membrane 10 is unwound and
supplied from the catalyst transfer sheet-supplying roller 104B
so that the surface carrying the catalyst layer faces against
the polymer electrolyte membrane 10. As described above, in
the CCM production device 100 according to the first embodiment,
the catalyst later (assembling layer) is transferred to
opposite surfaces of the polymer electrolyte membrane 10
{recipient sheet), and in other words, opposite surfaces of the
polymer electrolyte membrane 10 are the recipient surfaces.
This embodiment, however, may be constituted so that the
catalyst layer is transferred to only one surface of the polymer
electrolyte membrane 10.

[0048]

The thus supplied electrolyte membrane 10 and the
catalyst transfer sheets 20A and 20B pass between guide rollers
106A and 106B, and the guide rollers 106A and 106B convey the
supplied polymer electrolyte membrane 10 and the catalyst
transfer sheets 20A and 20B by their rotation while sandwiching
them in between. Positioning of the polymer electrolyte
membrane 10 and the catalyst transfer sheets 20A and 20B is
accomplished in this stage with the catalyst transfer sheet 20A
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contacting the upper surface of the polymer electrolyte
membrane 10 and the catalyst transfer sheet 20B contacting the
lower surface of the polymer electrolyte membrane 10.

[0049]

The thus positioned polymer electrolyte membrane 10 and
catalyst transfer sheets 20A and 20B in contact with each other
are conveyed to preliminary pressure application sectionP. 1In
this embodiment, the preliminary pressure application section
P is a double belt pressure application mechanism constituted
from an upper belt mechanism having conveyer belt 110A
circulating around two drums 108A and a lower belt mechanism
having conveyer belt 110B circulating around two drums 108B,
the lower belt mechanism being arranged under the upper belt
mechanismto face against the upper belt mechanism. The polymer
electrolyte membrane 10 and the catalyst transfer sheets 20A
and 20B sandwiched between the upper belt mechanism and the
lower belt mechanism are conveyed with the force being applied
from the upper and lower sides, and the pressure is continuously
applied by surface contact and they become provisionally fixed.
[0050]

Since neither one of the upper belt mechanismand the lower
belt mechanism have heating means, pressure application in the
preliminary pressure application section P will be conducted
at a temperature below the pressure application in the heated
pressure application section H. It is to be noted that, in this
embodiment, the double belt pressure application mechanism in
the heated pressure application section P has no heating means.
However, this section may have a heating means for heating to
a temperature lower than the electrolyte membrane~-denaturing
temperature, namely, the Tg of the polymer constituting the
polymer electrolyte membrane 10 or HDT of the polymer
electrolyte membrane 10.

[0051]

When a heat not below the electrolyte membrane-denaturing

temperature is applied before the provisional securing of the

polymer electrolyte membrane 10 and the catalyst transfer
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sheets 20A and 20B by the preliminary pressure application,
wrinkles of the polymer electrolyte membrane 10 or the catalyst
layer are generated to detract from the quality of the CCM.
These wrinkles also results in the defect sites of the CCM, and
the MEA produced by using such CCM may suffer from the reduced
durability of the MEA. Furthermore, when a heat not below the
electrolyte membrane-denaturing temperature is applied to the
polymer electrolyte membrane 10 before the provisional securing,
denaturing of the polymer electrolyte membrane 10 or the
catalyst layer by the heat starts before the adhesion of the
polymer electrolyte membrane 10 and the catalyst transfer
sheets 20A and 20B. 1In such as case, formation of good boundary
between the polymer electrolyte membrane 10 and the catalyst
layer may become difficult, and this may result in the slightly
poor electric generation performance.

[0052]

Temperature of the polymer electrolyte membrane and the
catalyst transfer sheets during passage through the preliminary
pressure application section shouldbe adequately set depending
on the properties including the Tg of the polymer electrolyte
membrane and the catalyst layer used, as long as it is a
temperature below the electrolyte membrane-~denaturing
temperature, and a temperature below the temperature in the
heated pressure application section H as described below.
Typical, the temperature is preferably less than 100°C, and more
preferably at least 5°C and less than 80°C. When this
temperature is at least 80°C, the surface of the polymer
electrolyte membrane 10 will dry simultaneously with the
pressure application and wrinkle generation is likely to be
accelerated. In the meanwhile, when the temperature is less
than 5°C, surface flexibility of the electrolyte membrane will
be lost, and the boundary between the catalyst layer and the
electrolyte membrane will be disturbed to invite an uneven
transfer. Accordingly, the temperature of the polymer
electrolyte membrane and the catalyst transfer sheet upon

passage through the preliminary pressure application section
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is preferably at least 20°C and less than 80°C. In the
preliminary pressure application section, it is also preferable
that the temperature change compared with the temperature of
the polymer electrolyte membrane before its entrance into the
preliminary pressure application section is preferably up to
30°C. 1In addition, the temperature elevation rate of the
polymer electrolyte membrane and the catalyst transfer sheet
in the preliminary pressure application step is preferably
controlled as described above.

[0053]

Next, the polymer electrolyte membrane and the catalyst
transfer sheets after the preliminary pressure application step
are subjected to heated pressure application step wherein they
are continuously subjected to pressure application with heating.
In this embodiment, the preliminary pressure application
section and the heated pressure application section are
constituted from separate double belt pressure application
mechanisms, and therefore, the polymer electrolyte membrane and
the catalyst transfer sheets are temporarily liberated from the
pressure when they move from the heated pressure application
step to the cooled pressure application step.

[0054]

In the CCM production device 100 shown in FIG. 1, the
heated pressure application step is conducted as described
below.

[0055]

The polymer electrolyte membrane 10 and the catalyst
transfer sheets 20A and 20B which have been provisionally
secured in the preliminary pressure application section P are
conveyed on the line to the heated pressure application section
H. 1In the present embodiment, the heated pressure application
section H comprises a double belt pressure application
mechanism comprising an upper belt mechanism having a conveyer
belt 114A circulating arcund two drums 112A, and a lower belt
mechanism having a conveyer belt 114B circulating around two

drums 112B, the lower belt mechanism being arranged under the
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upper belt mechanism to face against the upper belt mechanism.
[0056]

The difference of this double belt pressure application
mechanism with that of the preliminary pressure application
section P is that the drums 112A and 112B have a heating means
116. The provisionally secured polymer electrolyte membrane
10 and the catalyst transfer sheets 20A and 20B are not only
subjected to the continuous pressure by the upper belt mechanism
and lower belt mechanism through surface contact, but they are
also heated to a temperature not below the electrolyte
membrane-denaturing temperature by the heat from the heating
means 116. In this process the catalyst layer of the catalyst
transfer sheets 20A and 20B is respectively transferred to upper
and lower surfaces of the polymer electrolyte membrane 10. 1In
other words, the polymer electrolyte membrane 10 that had passed
the heated pressure application section H becomes the catalyst
coated electrolyte membrane (CCM) 12, and the substrates 22A
and 22B will be left after the removal of the catalyst layers
from the catalyst transfer sheets 20A and 20B.

[0057]

The heating means may be a heater, a heat medium such as
steam or oil, or the like, and the one used is not particularly
limited. The drums, the pressure application section as
described below, the conveyer belt, and the like constituting
the double belt pressure application mechanism as the heated
pressure application section H, are preferably formed from a
material having a high thermal capacity and thermal
conductivity such as copper and stainless steel.

[C058]

The maximum temperature of the polymer electrolyte
membrane during its passage through the heated pressure
application section H should be adequately set depending on the
properties of the polymer electrolyte membrane and the catalyst
layer used, as long as it is a temperature not below the
electrolyte membrane~denaturing temperature and a temperature

allowing the transfer of the catalyst layer to the polymer
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electrolyte membrane . Preferably, the maximum temperature is
typically at least 100°C and up to 200°C. When this temperature
is less than 100°C, sufficient transfer of the catalyst layer
to the polymer electrolyte membrane may not be accomplished
while the temperature in excess of 200°C may result in the damage
of the polymer electrolyte membrane. The temperature of the
polymer electrolyte membrane and the catalyst transfer sheet
immediately after passing the heated pressure application
section is more preferably at least 120°C and up to 180°C.
[0059]

The CCM 12 after passing through the heated pressure
application section H then passes between guide rollers 118A
and 118B, and the CCM 12 is wound up in the form of a rocll by
CCM winding roller 120. In the meanwhile, the substrates 22A
and 22B are wound up in the form of rolls by substrate-winding
rollers 122A and 122B.

[0060]

In the embodiment as described above, both of the
preliminary pressure application section and the heated
pressure application section are a double belt pressure
application mechanism wherein the pressure application to the
catalyst transfer sheet is accomplished by surface contact,
while the mechanism is not particularly limited. The
preliminary pressure application section may be a roller
mechanism wherein the pressure application to the catalyst
transfer sheet is conducted by a single roller or a plurality
of rollers by linear contact or by a plurality of linear contacts,
and the heated pressure application section may be a hot roller
mechanism wherein the pressure application to the catalyst
transfer sheet is conducted by a single pair of rollers or a
plurality of pairs of rollers having a heating means by linear
contact or by a plurality of linear contacts. When two or more
pairs of rollers are used, the number of the rollers provided
is preferably 2 to 10 pairs although the number is not
particularly limited.

[0061]
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[Second embodiment]

Next, CCM production device 100 according to the second
embodiment shown in FIG. 2 and production method of the CCM using
this device are described by featuring the difference from the
CCM production device shown in FIG. 1.

[0062]

In the CCM production device 100 shown in FIG. 2, the
polymer electrolyte membrane 10 and the catalyst transfer
sheets 20A and 20B which have been positioned with each other
by the guide rollers 106A and 106B and which are in contact with
each other are conveyed to the double belt pressure application
mechanism constituted from an upper belt mechanism having a
conveyer belt 110A circulating around two drums 108A and 112A
and a lower belt mechanismhaving conveyer belt 110B circulating
around two drums 108B and 112B, the lower belt mechanism being
arranged under the upper belt mechanism to face against the
upper belt mechanism.

{0063]

Since neither one of the drums 108A and the 108B have
heating means, the polymer electrolyte membrane 10 and the
catalyst transfer sheets 20A and 20B will be continuously
subjected to pressure application by surface contact without
heating while they pass between the drums 108A and the 108B,
being sandwiched between the upper belt mechanism and the lower
belt mechanism with the force applied from both upper and lower
direction.

[0064]

The CCM production device 100 according to this
embodiment has a pressure application section 124A between the
drum 108A and the drum 112A as a part of the upper belt mechanism,
and similarly, a pressure application section 124B between the
drum 108B and the drum 112B as a part of the lower belt mechanism.
The pressure application section 124A presses the conveyer belt
110A in the downward direction, and the pressure application
section 124B presses the conveyer belt 110B in the upward

direction. Accordingly, during the passage between the
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pressure application section 124A and 124B, the polymer
electrolyte membrane 10 and the catalyst transfer sheets 20A
and 20B are continuously pressed by surface contact without
heating, being sandwiched between the upper belt mechanism and
the lower belt mechanism with the force applied from both upper
and lower direction. In other words, in this embodiment, the
preliminary pressure application section P comprises a pair of
drums 108A and 108B which are not provided with the heating means,
the pressure application sections 124A and 124B, and the
conveyer belts 110A and 110B which are a part of the double belt
pressure application mechanism. The polymer electrolyte
membrane 10 and the catalyst transfer sheets 20A and 20B are
provisionally secured by the passage through the preliminary
pressure application section P.

[0065]

Next, the provisionally secured polymer electrolyte
membrane 10 and the catalyst transfer sheets 20A and 20B are
conveyed with the pressure being applied by the double belt
pressure application mechanism until they arrive at the
position between the drum 112A and drum 112B which are both
provided with the heating means 116. Accordingly, during
passage between the drum 112A and the 112B, the polymer
electrolyte membrane 10 and the catalyst transfer sheets 20A
and 20B continuously receive a pressure by surface contact with
the heating to a temperature not below the electrolyte
membrane-denaturing temperature, being sandwiched between the
upper belt mechanism and the lower belt mechanismwith the force
applied from both upper and lower direction.

[CO066]

In this embodiment, the heated pressure application
section comprises a pair of drums 112A and 112B provided with
the heating means 116 and the conveyer belts 110A and 110B which
are a part of the double belt pressure application mechanism.
In this process, the catalyst layers of the catalyst transfer
sheets 20A and 20B are transferred to the upper and the lower

surfaces of the polymer electrolyte membrane 10.
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[0067]

In this embodiment, the preliminary pressure application
section and the heated pressure application section are
constituted as an integral double belt pressure application
mechanism, and accordingly, the pressure is not liberated
between the heated pressure application step and the cooled
pressure application step. In other words, in this embodiment,
the preliminary pressure application step and the heated
pressure application step are continuously conducted in the
same double belt pressure application mechanism while the
pressure application to the polymer electrolyte membrane and
the catalyst transfer sheet are retained.

[0068]
[Third embodiment]

Next, CCM production device 100 according to the thixd
embodiment shown in FIG. 3 and production method of the CCM using
this device are described by featuring the difference from the
CCM production device shown in FIG. 2. The method for producing
the CCM according to the third embodiment further comprises the
cooled pressure application step wherein the assembly assembled
in the heated pressure application step (the CCM) is
continuously subjected to pressure application with cooling.
[0069]

In the CCM production device 100 shown in FIG. 3, since
neither one of the drums 108A and the 108B have heating means,
the polymer electrolyte membrane 10 and the catalyst transfer
sheets 20A and 20B will be continuously subjected to pressure
application by surface contact without heating while they pass
between the drums 108A and the 108B, being sandwiched between
the upper belt mechanism and the lower belt mechanism with the
force applied from both upper and lower direction. They are
thereby provisionally secured. Accordingly, in this
embodiment, the preliminary pressure application section P is
constituted from a part of the double belt pressure application
mechanism, and more particularly, from a pair of drums 108A and
108B without a heating means and the conveyer belts 110A and
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110B.
[0070]

In this embodiment, the heating means 116 is provided in
the pressure application sections 124A and 124B. Accordingly,
the provisionally secured polymer electrolyte membrane 10 and
the catalyst transfer sheets 20A and 20B are conveyed with the
pressure being applied by the double belt pressure application
mechanism, and they continuously receive the pressure by
surface contact with the heating to a temperature not below the
electrolyte membrane~denaturing temperature during their
passage between the drum 108A and the drum 108B to their arrival
to the gap between the drum 1122 and the drum 112B. In other
words, in this embodiment, the heated pressure application
section H comprises the pressure application sections 124A and
124B equipped with the heating means and the conveyer belts 110A
and 110B which are a part of the double belt pressure application
mechanism. Inthisprocess, the catalyst layers of the catalyst
transfer sheets 20A and 20B are transferred to the upper and
the lower surfaces of the polymer electrolyte membrane 10.
[0071]

The CCM 12 which passed heated pressure application
section H and the residual substrates 222 and 22B are further
conveyed with the pressure being applied by the double belt
pressure application mechanism, and they are conveyed to the
gap between the drum 1124 and the drum 112B. In this embodiment,
the drum 1122 and 112B are respectively provided with a cooling
means 126, and accordingly, the CCM 12 and the substrates 22A
and 22B are continuously subjected to pressure application by
surface contact with the cooling to a temperature below the
electrolyte membrane-denaturing temperature while they pass
between the drums 112A and 112B being sandwiched between the
upper belt mechanism and the lower belt mechanism with the force
applied from both upper and lower direction. In other words,
the cooled pressure application section C comprises a pair of
drums 112A and 112B provided with the cooling means 126 and the
conveyer belts 110A and 110B which are a part of the double belt
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pressure application mechanism.
[C072]

The temperature of the CCM immediately after passing the
cooled pressure application section should be adequately set
depending on properties of the polymer electrolyte membrane and
the catalyst layer as long as it is a temperature below the
electrolyte membrane~denaturing temperature, and a
temperature below the temperature in the heated pressure
application section H as described below. Preferably, the
temperature is at least 5°C and less than 100°C. Use of a
temperature of less than 100°C enables efficient suppression
of the CCM warping while use of a temperature of less than 5°C
may invite interfacial peeling between the catalyst layer and
the polymer electrolyte membrane. The temperature of the CCM
immediately after passing the cooled pressure application
section is preferably at least 20°C and up to 80°C. 1In addition,
in the cooled pressure application section, the temperature of
the CCM immediately after the completion of the heated pressure
application step is preferably reduced by 40°C to 120°C, and
more preferably by 60°C to 100°C.

[0073]

In this embodiment, the preliminary pressure application
section, the heated pressure application section, and the
cooled pressure application step are constituted as an integral
double belt pressure application mechanism, and accordingly,
the pressure is not liberated between the preliminary pressure
application step and the heated pressure application step and
between the heated pressure application step and the cooled
pressure application step. In other words, in this embodiment,
the preliminary pressure application step, the heated pressure
application step, and the cooled pressure application step are
continuously conducted in the same double belt pressure
application mechanism while the pressure application to the
polymer electrolyte membrane and the catalyst transfer sheet
are retained.

(00741
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In this embodiment, not only the polymer electrolyte
membrane 10 but also the conveyer belts 110A and 110B are cooled
when they move along the periphery of the drums 112A and 112B.
As a consequence, the heat will have been sufficiently removed
from the conveyer belts 110A and 110B by the time they again
move along the drums 108A and 108B, and in the preliminary
pressure application section P, the conveyer belts 110A and 110B
will have been sufficiently cooled to a temperature less than
the electrolyte membrane-denaturing temperature.

[0075]
[Fourth embodiment]

Next, CCM production device 100 according to the fourth
embodiment shown in FIG. 4 and production method of the CCM using
this device are described by featuring the difference from the
CCM production device shown in FIG. 3.

[0076]

In the CCM production device 100 shown in FIG. 4, the
polymer electrolyte membrane 10 and the catalyst transfer
sheets 20A and 20B which have been positioned with each other
by the guide rollers 106A and 106B and which are in contact with
each other are conveyed to the double belt pressure application
mechanism constituted from an upper belt mechanism having a
conveyer belt 110A circulating around two drums 108A and 112A
and a lower belt mechanismhaving conveyer belt 110B circulating
around two drums 108B and 112B, the lower belt mechanism being
arranged under the upper belt mechanism to face against the
upper belt mechanism.

[0077]

The CCM production device 100 according to this
embodiment has pressure application sections 124A, 124C, and
124E in this order between the drum 108A and the drum 112A as
a part of the upper belt mechanism, and similarly, pressure
application sections 124B, 124D, and 124F in this order as a
part of the lower belt mechanism. The pressure application
sections 12424, 124C, and 124E press the conveyer belt 110A in
the downward direction, and the pressure application sections
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124RB, 124D, and 124F press the conveyer belt 110B in the upward
direction. Inthemeanwhile, in this embodiment, the drums 1084,
108B, 1127, and 112B are not applying the pressure to the
conveyer belts, and these drums function solely as the drive
mechanism for circulating the conveyer belts 110A and 110B.
However, the embodiment may also be constituted so that these
drums would apply pressure to the conveyer belt as in the case
of the embodiment as described above.

[0078]

The pressure application sections 124A and 124B are not
provided with the heating means. The polymer electrolyte
membrane 10 and the catalyst transfer sheets 20A and 20B will
be continuously subjected to pressure application by surface
contact when they pass between the pressure application
sections 124A and 124B, being sandwiched between the upper belt
mechanism and the lower belt mechanism with the force applied
from both upper and lower direction. Accordingly, in this
embodiment, the preliminary pressure application section P
comprises the pressure application sections 124A and 124B and
the conveyer belts 110A and 110B which are a part of the double
belt pressure application mechanism. The polymer electrolyte
membrane 10 and the catalyst transfer sheets 20A and 20B are
provisionally secured by passing through this preliminary
pressure application section P. It is to be noted that the
pressure application sections 124A and 124B may be provided with
a heating means, and in such a case, the heating means should
be turned off or set at a temperature below the electrolyte
membrane~denaturing temperature.

[0079]

Next, the provisionally secured polymer electrolyte
membrane 10 and the catalyst transfer sheets 20A and 20B are
conveyed with the pressure being applied by the double belt
pressure application mechanism, and they arrive at the gap
between the pressure application section 124C and the pressure
application section 124D which are both provided with the

heatingmeans 116. Accordingly, during the passage between the
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pressure application section 124C and the pressure application
section 124D, the polymer electrolyte membrane 10 and the
catalyst transfer sheets 20A and 20B continuously receive a
pressure by surface contact with the heating to a temperature
not below the electrolyte membrane-denaturing temperature,
being sandwiched between the upper belt mechanism and the lower
belt mechanism with the force applied from both upper and lower
direction. 1In other words, in this embodiment, the heated
pressure application section H comprises a pair of pressure
application sections 124C and 124D equipped with the heating
means and the conveyer belts 110A and 110B which are a part of
the double belt pressure application mechanism. In this
process, the catalyst layers of the catalyst transfer sheets
20A and 20B are transferred to the upper and the lower surfaces
of the polymer electrolyte membrane 10.
(00801

The CCM 12 which passed the heated pressure application
section H and the residual substrates 22A and 22B are further
conveyed with the pressure being applied by the double belt
pressure application mechanism, and arrived to the gap between
the pressure application section 124E and the pressure
application section 124F. In this embodiment, the pressure
application section 124E and the pressure application section
124F are respectively provided with the cocling means 126.
Accordingly, the CCM 12 and the substrates 22A and 22B are
continuously subjected to pressure application by surface
contact with the cooling to a temperature below the electrolyte
membrane-denaturing temperature while they pass between the
pressure application section 124E and the pressure application
section 124F being sandwiched between the upper belt mechanism
and the lower belt mechanism with the force applied from both
upper and lower direction. In other words, in this embodiment,
the cooled pressure application section C comprises the
pressure application section 124E and the pressure application
section 124F provided with the cooling means 126 and the
conveyer belts 110A and 110B which are a part of the double belt
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pressure application mechanism.
[0081]

In this embodiment, the preliminary pressure application
section, the heated pressure application section, and the
cooled pressure application section are constituted as an
integral double belt pressure application mechanism, and
accordingly, the pressure is not removed between the
preliminary pressure application step and the heated pressure
application step and between the heated pressure application
step and the cooled pressure application step. In other words,
in this embodiment, the preliminary pressure application step,
the heated pressure application step, and the cooled pressure
application step are continuously conducted in the same double
belt pressure application mechanism while the pressure
application to the polymer electrolyte membrane and the
catalyst transfer sheet are retained in the same double belt
pressure application mechanism.

[0082]

The cooling in the cooled pressure application step is
not particularly limited as long as it is an operation that
reduces the temperature of the CCM that has passed the heated
pressure application step. Examples of the cooling means used
include cocoling device using a cooling medium such as compressed
air, water, or alcohol. However, the case having no such means
for intentionally reducing the temperature is also regarded as
the cooling means as long as the absence of the heating means
results in the reduced temperature of the CCM after the
completion of the heated pressure application step. The
conveyer belt and the like in the double belt pressure
application mechanism constituting the cooled pressure
application section C is preferably formed from a material
having a high thermal capacity and thermal conductivity such
as copper and stainless steel.

[0083]
<Production method and production device of the MEA>

Another embodiment of the present invention is a
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production method and a production device of the
membrane-electrode assembly (MEA) wherein a catalyst layer and
agas diffusion layer are formed on opposite sides of the polymer
electrolyte membrane in this order. In this embodiment, the
recipient sheet including a polymer electrolyte membrane is a
polymers electrolyte membrane itself or a catalyst coated
electrolyte membrane (CCM), and the assembling layer assembled
with the recipient sheet is a gas diffusion electrode (GDE) or
a gas diffusion layer (GDL). The assembling sheet is a GDE or
a GDL itself when supplied without the substrate, and a GDE or
GDL supported by a substrate when supplied with the substrate.
[0084]

The MEA can be produced by a method wherein a CCM and a
GDL are assembled by pressing or by a method wherein a polymer
electrolyte membrane and a GDE are assembled by pressing. In
the following description, the CCM and the polymer electrolyte
membrane are generally referred to as the “electrolyte sheet”
and the GDL and the GDE are generally referred to as the “gas
diffusion sheet”.

[0085]

The constitution of the MEA production device 200 shown
in FIG. 7 is the same as the CCM production device shown in FIG.
1 except that the substrate-winding rollers are absent in this
constitution since the gas diffusion sheets 40A and 40B are
independently supplied without being attached to a substrate
or the like.

[0086]

In the production of the MEA, the first step conducted
is the preliminary pressure application step wherein the
pressure is continuously applied to the electrolyte sheet and
the gas diffusion sheet while these sheets are in contact with
each other.

In the MEA production device 200 shown FIG. 7, the
preliminary pressure application step is conducted as described
below.

[0087]
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First, an electrolyte sheet 30 is unwound from an
electrolyte sheet-supplying roller 202 to supply the
electrolyte sheet 30. The gas diffusion sheet-supplying
rollers 204A and 204B are respectively provided on the upper
side and the lower side of the unwound electrolyte sheet 30.
A gas diffusion sheet 40A to be assembled with the upper surface
of the electrolyte sheet 30 is wound out and supplied from the
gas diffusion sheet-supplying roller 204A, and a gas diffusion
sheet 40B for assembling with the lower surface of the
electrolyte sheet 30 is wound out and supplied from the gas
diffusion sheet-supplying roller 204B so that they face with
the electrolyte sheet 30. It is to be noted that, when the gas
diffusion sheets 40A and 40B are GDE, the surface of the catalyst
layer formation would face the electrolyte sheet (polymer
electrolyte membrane) 30.

[0088]

The thus supplied electrolyte sheet 30 and the gas
diffusion sheets 40A and 40B pass between guide rollers 206A
and 206B, and the guide roller 206A and 206B convey the supplied
electrolyte sheet 30 and the gas diffusion sheets 40A and 40B
by their rotation while sandwiching them in between.
Positioning of the electrolyte sheet 30 and the gas diffusion
sheets 40A and 40B is accomplished in this stage with the gas
diffusion sheet 40A contacting the upper surface of the
electrolyte sheet 30 and the gas diffusion sheet 40B contacting
the lower surface of the electrolyte sheet 30.

[0089]

The thus positioned electrolyte sheet 30 and the gas
diffusion sheets 40A and 40B in contact with each other are
conveyed to the preliminary pressure application section P. In
this embodiment, the preliminary pressure application section
P is a double belt pressure application mechanism constituted
from an upper belt mechanism having conveyer belt 210A
circulating around two drums 208A and a lower belt mechanism
having conveyer belt 210B circulating around two drums 208,

the lower belt mechanism being arranged under the upper belt
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mechanism to face against the upper belt mechanism. The
electrolyte sheet 30 and the gas diffusion sheets 40A and 40B
sandwiched between the upper belt mechanism and the lower belt
mechanism are conveyed with the force being applied from the
upper and lower sides, and the pressure is continuously applied
by surface contact and they become provisionally fixed.
[0090]

Since neither one of the upper belt mechanism and the lower
belt mechanism have heating means, pressure application in the
preliminary pressure application section P will be conducted
at a temperature below the pressure application in the heated
pressure application section H. It is to be noted that, in this
embodiment, the double belt pressure application mechanism in
the heated pressure application section P has no heating means.
However, this section may have a heating means for heating to
electrolyte membrane-denaturing temperature, namely, a
temperature below the Tg or HDT of the polymer electrolyte
membrane included in the electrolyte sheet 30.

[0091]

When a heat not below the electrolyte membrane~denaturing
temperature is applied to the electrolyte sheet and the gas
diffusion sheet before their provisional securing by the
preliminary pressure application, wrinkles are generated in the
electrolyte sheet, and this results in the loss of the quality
of the of the MEA. The wrinkles of the electrolyte sheet results
in the defect sites of the MEA, and hence, in the reduced
durability of the MEA.

[0092]

Temperature of the electrolyte sheet and the gas
diffusion sheets during passage through the preliminary
pressure application section shouldbe adequately set depending
on the properties of the polymer electrolyte membrane and the
catalyst layer used, as long as it is a temperature below the
electrolyte membrane~denaturing temperature, and a
temperature below the temperature in the heated pressure
application section H as described below. Typically, the
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temperature is preferably at least 5°C and less than 60°C. When
this temperature is at least 60°C, the surface of the electrolyte
sheet 30 will dry simultaneously with the pressure application
and wrinkle generation is likely to be accelerated. 1In the
meanwhile, when the temperature is less than 5°C, surface
flexibility of the electrolyte sheet will be lost, and the
boundary between the electrolyte sheet and the catalyst layer
will be disturbed. Accordingly, the temperature of the
electrolyte sheet and the gas diffusion sheets upon passage
through the preliminary pressure application section is
preferably at least 20°C and less than 60°C. In the preliminary
pressure application section, it is also preferable that the
temperature change compared with the temperature of the
electrolyte sheet before its entrance into the preliminary
pressure application section is preferably up to 30°C. 1In
addition, the temperature elevation rate of the electrolyte
sheet and the gas diffusion sheet in the preliminary pressure
application step is preferably controlled as described above.
[0093]

Next, the electrolyte sheet and the gas diffusion sheets
that had passed the preliminary pressure application step are
subjected to the heated pressure application step wherein the
pressure is continuously applied with heating. In the MEA
production device 200 according to the embodiment shown in FIG.
7, the heated pressure application step is conducted as
described below.

[0094]

The electrolvte sheet 30 and the gas diffusion sheets 40A
and 40B which are provisionally secured in the preliminary
pressure application section P are conveyed on the line to the
heated pressure application section H. 1In the present
embodiment, the heated pressure application section H is
constituted from the double belt pressure applicationmechanism
comprising an upper belt mechanism having a conveyer belt 214A
circulating around two drums 2123, and a lower belt mechanism

having a conveyer belt 214B circulating around twe drums 212B,
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the lower belt mechanism being arranged under the upper belt
mechanism to face against the upper belt mechanism.
[0095]

The difference of this double belt pressure application
mechanism with that of the preliminary pressure application
section P is that the drums 212A and 212B have a heating means
216. The provisionally secured electrolyte sheet 30 and the
gas diffusion sheets 40A and 40B are not only subjected to the
continuous pressure by the upper belt mechanism and lower belt
mechanism through surface contact, but they are also subjected
to the heat from the heating means 216. In this process, the
gas diffusion sheets 40A and 40B are respectively transferred
to the upper and the lower surfaces of the electrolyte sheet
30. In other words, the electrolyte sheet 30 and the gas
diffusion sheets 40A and 40B that had passed the heated pressure
application section H becomes the membrane-electrode assembly
(MEA) 50.

[0096]

The heating means used may be the same as the one as
described above for the CCM production device.
[0097]

The maximum temperature of the electrolyte sheet passing
through the heated pressure application section is preferably
at least 100°C and up to 200°C. When this temperature is less
than 100°C, the assembly may become insufficient. On the other
hand, the maximum temperature in excess of 200°C may invite
damages of the electrolyte sheet by the heat. The temperature
of the electrolyte sheet immediately after passing the heated
pressure application section is preferably at least 120°C and
up to 180°C.

(00987

After passing the heated pressure application section H,
the MEA 50 is wound up in the form of a roll by a MEA winding
roller 220.

[0099]
In the case of the MEA production device 200 Qf FIG. 7,
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the gas diffusion layers 40A and 40B are supplied by themselves
without being disposed on the substrate, and the device is not
provided with the substrate-winding rollers. However, the gas
diffusion layer may be supplied by disposing on the substrate,
and in such a case, substrate-winding rollers are provided on
the MEA production device so that the substrates remaining after
the assembling of the gas diffusion layers on the electrolyte
membrane would be wound up on the substrate-winding rollers.
[01001]

As readily understood from the foregoing, the production
method and the production device of the MEA according to this
embodiment may be modified as in the case of the CCM production
device. In particular, the embodiment including the cooled
pressure application section wherein the pressure is
continuously applied with cooling to the assembly that had been
assembled in the heated pressure application section is a
preferable embodiment also in the case of the MEA production
device, and the embodiment wherein the preliminary pressure
application section, the heated pressure application section,
and the cooled pressure application section constitute a part
of the integral double belt pressure application mechanism is
a particularly preferable embodiment.

Examples
[0101]

Next, the present invention is described in further
detail by referring to Examples which by no means limit the scope
of the invention. The physical properties are measured.undér
the conditions as described below.

[0102]

(Measurement Example 1) Evaluation of high-temperature
low-humidity electric generation (electric generation
performance)

The membrane-electrode assembly prepared by the method
described in Examples was placed in JARI Standard Cell “Ex-1"
manufactured by EIWA Corporation (electrode area, 25 cm?) to

prepare an electric generation-evaluating module. The
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electric generation was evaluated under the conditions as

described below and the electric current was swept from 0 A/cm?
to 1.2 A/cm® until the voltage was up to 0.1 V. 1In the present
invention, the voltage at the current density of 1 A/cm’.hour
was compared. It is tobe noteda pressureof 0.7 GPawas applied
in the setting of the membrane—electrode assembly in the cell.

Electronic load system: electronic load system
“PLZ664WA” manufactured by Kikusui Electronics Corp.

Cell temperature: kept at 80°C.

Gas humidification conditions: both the anode and the
cathode were kept at a relative humidity of 30%.

Gas utilization rate: the anode, 70% of the
stoichiometric amount; the cathode, 40% of the stoichiometric
amount.

(0103]
(Measurement Example 2) Dry-wet cycle test (durability)

The membrane was allowed to experience dry-wet cycles in
the actual electric generating conditions to gain general index
of the mechanical durability and chemical durability. A larger
number of cycles indicates higher mechanical and chemical
durability of the member.

[0104]

The electric generation-evaluating module was as in the
case of the Measurement Example 1, and the start and the stop
were repeated by the following conditions, and the number of
cycles until the voltage at the start became less than 0.2 V
or the open circuit voltage at the stop became less than 0.8
V was evaluated.

Electronic load system: electronic load system
“PLZ664WA” manufactured by Kikusui Electronics Corp.

Cell temperature: kept at 80°C.

Gas humidification conditions: both the anode and the
cathode were kept at a relative humidity of 50%.

Gas supplied at the start: the anode was hydrogen, and
the cathode was air.

Current loaded at the start: 1 A/cm®.
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Gas utilization rate at the start: the anode, 70% of the
stoichiometric amount; the cathode, 40% of the stoichiometric
amount.

Start time: 3 minutes.

Gas flow rate at the stop: the anode hydrogen was at 0.25
L/min, and the cathode air was at 1 L/min.

Stop time: 3 minutes.

Start/stop switching: at these timings, dry nitrogen was
supplied to the anode and dry air was supplied to the cathode
at 1 L/min for 1 minute for the drying of the electrolyte
membrane.

[0105]
(Measurement Example 3) Quality assessment of CCM and MEA

The CCM was evaluated “good” when the wrinkles were
recognized on the surface by visual confirmation, “poor” when
the wrinkles were confirmed. The MEA was evaluated “good” when
the warping of the MEA was not recognized by visual confirmation,
and “poor” when the warping of the MEA was recognized.
[0106]

The CCM and the MEA were also cut out in the size of 50
mm x 50 mm, allowed to stand in the environment of room
temperature (25°C) and a relative humidity of 60% for 30 minutes,
and evaluated for the wrinkle height (the maximum value minus
the minimum value) by using a tabletop 3D measuring device
3D-Eye scanner, standard type (blue laser, light section
method) manufactured by OPTEX FA Co. Ltd. under the following
conditions. 5 levels were measured at arbitrarily selected
positions in the same sample, and average of 3 levels after
removing the maximum value and the minimum value was calculated
for use as the wrinkle height.

Scanning width: 14.5 mm

Scanning length: 30.0 mm

Scanning speed: 10 mm/second

Measurement resolution: X axis, 10 pm; Y axis, 9.5 um;
Z axis, 0.84 pm.

[0107]
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[Synthesis Example 1: Synthesis of polyetherketone polymer
electrolyte membrane from the polymer represented by the
following formula]

[Chemical formula 1]

Ne0,S o SO,Na
._SLQ% ot NI /;"‘(\ 1 %
L f?§ gf'z R W Jw

R, .M}/
o o
Nod
Lo T A
T, S o
ng’ "*‘:‘O

[0108]

First, 2,2-bis(4~hydroxyphenyl) -1, 3-dioxolane (K-DHBP)
represented by the following formula was synthesized.
[Chemical formula 2]

omo ”
HO "/_"‘1‘* ,ij OH

[0109]

49.5 g of 4,4'-dihydroxybenzophenone, 134 g of ethylene
glycol, 96.9 g of trimethyl o-formate, and 0.50 g of
p-toluenesulfonic acid moncochydrate were charged in a 500 ml
flask equipped with an agitator, a thermometer, and a
distillation tube for dissolution. The mixture was then kept
at 78 to 82°C for 2 hours with stirring. Internal temperature
was gradually elevated to 120°C until distillation of the methyl
formate, methanol, and trimethyl o-formate completely stopped.
After cooling the reaction mixture to room temperature, the
mixture was diluted with ethyl acetate, and the organic layer
was washed with 100 ml of 5% aqueous solution of potassium
carbonate for separation. After removing the solvent, 80 ml

of dichloromethane was added to the residue to precipitate the

41



CA 03004257 2018-05~03

crystals. After filtration and drying, 52.0 g of
2,2-bis (4-hydroxyphenyl)~1, 3~dioxolane was obtained. When
this crystal was analyzed by GC, the crystals contained 99.8%
of 2,2-bis(4-hydroxyphenyl)~-1,3-dioxolane and 0.2% of
4,4'-dihydroxybenzophenone.
[0110]

Next, disodium
3,3"-disulfonate-4,4’ -difluorobenzophenone represented by
the following formula was synthesized.
[Chemical formula 3]

[0111]

109.1 g of 4,4’ -difluorobenzophenone (reagent
manufactured by Aldrich) was reacted in 150 ml of fuming
sulfuric acid (50% S03) (reagent manufactured by Wako Pure
Chemical Industries) at 100°C for 10 hours, and reaction product
was incrementally introduced in a large amount of water. After
neutralization with NaOH, 200 g of sodium chloride was added
to precipitate the synthesized product. The resulting
precipitate was separatedby filtration and recrystallizedwith
aqueous ethanol solution to obtain disodium
3,3’ -disulfonate-4,4’ —-difluorobenzophenone with the purity of
99.3%. The structure was confirmed with *H~NMR. The
impurities were quantitatively analyzed by capillary
electrophoresis (organic substance) and ion chromatography
(inorganic substance) .

[0112]

Next, polymerization was conducted by using 6.91 g of
potassium carbonate, 7.30 g of disodium
3,3’ -disulfonate-4, 4’ -difluorobenzophenone, 10.3 g of
2,2-bis(4-hydroxyphenyl)-1,3-dioxolane, and 5.24 g of
4,4’ -difluorobenzophenone in N-methyl pyrrolidone (NMP) at
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210°C.
[C113]

25% by weight solution of the resulting polymer in
N-methyl pyrrolidone (NMP) was filtered under pressure by using
a glass fiber filter and coated on a PET film by casting. After
drying at 100°C for 4 hours, heat treatment was conducted in

nitrogen atmosphere at 150°C for 10 minutes to obtain polyketal
ketone membrane. The polymer had a very high solubility. The
polymer was then immersed in 10% by weight aqueous solution of
sulfuric acid at 95°C for 24 hours for proton substitution and
de-protection, and the resulting product was immersed in a

largely excess amount of pure water for 24 hours for sufficient
washing to thereby obtain the polymer electrolyte membrane.
[0114]

[Example 1-1]

By using the device having the schematic constitution
shown in FIG. 2, the catalytic layer of the catalyst transfer
sheet was transferred to the polyetherketone polymer
electrolyte membrane prepared in Synthesis Example 1 to prepare
the CCM. The catalyst transfer sheet used was the one prepared
by coating the PTFE sheet with a catalyst coating composition
comprising Pt~loaded carbon catalyst TEC10E50E manufactured by
Tanaka Kikinzoku Kogyo K.K. and “Nafion (Registered Trademark)”
solution and drying the coated sheet (platinum loading weight,
0.3 mg/cn@). It should be noted that the device actually used
was constituted so that the ratio of the passing distance of
the preliminary pressure application section to the passing
distance of the heated pressure application section was 1:1.
With regard to the preliminary pressure application step, the
system was constituted so that the average temperature
elevation rate of the polymer electrolyte membrane passing
through the preliminary pressure application section was
5°C/second, the pressure was 4.5 MPa, and the passing time was
20 seconds by solely operating the heating means 116 in the
heated pressure application section 112A and 112B. The heated

pressure application step was conducted so that the maximum
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measured temperature of the belts in the heated pressure
application section and the polymer electrolyte membrane (CCM)
passing through the heated pressure application section was
160°C, the pressure was 4.5 MPa, and the passing time was 10
seconds. When the thus prepared CCM was visually inspected
according to Measurement Example 3, the polymer electrolyte
membrane had no wrinkles.

[0115]

Next, GDL (“"TGP-H-060” manufactured by Toray Industries,
Inc.) was assembled on opposite surfaces of the resulting CCM
to prepare the MEA. The MEA was prepared by using the same
device as the one used in preparing the CCM, and the conditions
used were the same as those used in the preparation of the CCM
except that, in FIG. 2, the CCMwas supplied from the electrolyte
membrane-supplying roller 102 and the GDL was supplied from the
catalyst transfer sheet-supplying rollers 10424 and 104B as the
GDL without using the substrate.

[0116]

When the thus prepared MEA was visually confirmed
according to Measurement Example 3, the MEA had good quality.
The wrinkles had a height of 0.35 mm. The electric generation
performance measured according to Measurement Examples 1 and
2 was 0.38V, and the dry-wet cycle durability was 10,000 cycles.
[0117]

[Example 1-2]

By using the device shown in FIG. 4, the catalytic layer
of the catalyst transfer sheet was transferred to the
polyetherketone polymer electrolyte membrane prepared in
Synthesis Example 1 to prepare the CCM. The catalyst transfer
sheet used was the one prepared by coating the PTFE sheet with
a catalyst coating composition comprising Pt-loaded carbon
catalyst TECLO0ES50E manufactured by Tanaka Kikinzoku Kogyo K.K.
and “Nafion (Registered Trademark)” solution and drying the
coated sheet (platinum loading weight, 0.3 mg/cm?) . It should
be noted that the device actually used was constituted so that

the ratio of the passing distance of the preliminary pressure
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application section to the passing distance of the heated
pressure application section to the passing distance of the
cooled pressure application sectionwas 1:1:6. With regard to
the preliminary pressure application step, the system was
constituted so that the average temperature elevation rate of
the polymer electrolyte membrane passing through the
preliminary pressure application section was 15°C/second, the
pressure was 4.5 MPa, and the passing time was 20 seconds by
solely operating the heating means 116 in the heated pressure
application section 124C and 124D. The heated pressure
application step was conducted so that the maximum measured
temperature of the polymer electrolyte membrane (CCM) passing
through the heated pressure application section was 160°C, the
pressure was 4.5 MPa, and the passing time was 10 seconds. The
cooled pressure application step was conducted so that the
measured temperature of the CCM immediately after the
completion of this step was 80°C, the pressure was 4.5 MPa, and
the passing time was 60 seconds.

0118]

Next, GDL (“"TIGP-H-060” manufactured by Toray Industries,
Inc.) was assembled on opposite surfaces of the resulting CCM
to prepare the MEA. The MEA was prepared by using the same
device as the one used in preparing the CCM, and the conditions
used were the same as those used in the preparation of the CCM
except that, in FIG. 4, the CCMwas supplied from the electrolyte
membrane-supplying roller 102 and the GDL was supplied from the
catalyst transfer sheet-supplying rollers 104A and 104B as the
GDL without using the substrate.

[0119]
[Example 1-3]

CCM and MEA were prepared by repeating the procedure of
Example 1-1 except that Nafion (Registered Trademark) 211CS
film (manufactured by DuPont) was used instead of the polymer
electrolyte membrane prepared in Synthesis Example 1 for the
polymer electrolyte membrane, and the maximum of the actually

measured temperature of the polymer electrolyte membrane in the
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course of passing through the heated pressure application
section was 150°C.

[0120]

[Example 1-4]

CCM and MEA were prepared by repeating the procedure of
Example 1-2 except that Nafion (Regilistered Trademark) 211CS
film (manufactured by DuPont) was used instead of the polymer
electrolyte membrane prepared in Synthesis Example 1 for the
polymer electrolyte membrane, and the maximum of the actually
measured temperature of the polymer electrolyte membrane in the
course of passing through the heated pressure application
section was 150°C.

{0121]
[Comparative Example 1-1]

CCM and MEA were prepared by repeating the procedure of
Example 1-1 except that the device used was the one as shown
in FIG. 5 which was the same as the one shown in FIG. 2 except
that the drums 108A and 108B and the pressure application
sections 124A and 124B had the heating means 116 adjusted as
in the case of the drums 112A and 1128, and the preliminary
pressure application step was not conducted. The numerals used
in FIG. 5 were the same as those used in FIG. 2, and the
explanation is omitted.

[0122]
[Comparative Example 1-2]

CCM and MEA were prepared by repeating the procedure of
Example 1-2 except that the device used was the one as shown
in FIG. 6 which was the same as the one shown in FIG. 4 except
that the pressure application section 124A and 124B had the
heating means 116 adjusted as in the case of the pressure
application sections 124C and 124D, and the preliminary
pressure application step was not conducted. The numerals used
in FIG. 6 were the same as those used in FIG. 4, and the
explanation is omitted.

[0123]
[Comparative Example 1-3]
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CCM and MEA were prepared by repeating the procedure of
Comparative Example 1-1 except that Nafion (Registered
Trademark) 211CS film (manufactured by DuPont) was used instead
of the polymer electrolyte membrane prepared in Synthesis
Example 1 for the polymer electrolyte membrane, and the maximum
of the actually measured temperature of the polymer electrolyte
membrane in the course of passing through the heated pressure
application section was 150°C.

[0124]
[Comparative Example 1-4]

CCM and MEA were prepared by repeating the procedure of
Comparative Example 1-2 except that Nafion (Registered
Trademark) 211CS film (manufactured by DuPont) was used instead
of the polymer electrolyte membrane prepared in Synthesis
Example 1 for the polymer electrolyte membrane, and the maximum
of the actually measured temperature of the polymer electrolyte
membrane in the course of passing through the heated pressure
application section was 150°C.

[0125]

The conditions used for the production in Examples and
Comparative Examples and the results of the evaluation for the
CCM and the MEA are shown in Table 1.

[0126]
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[0127]
[Example 2-1]

By using the device that was the same as the one used in
Example 1-1, the polyetherketone polymer electrolyte membrane
prepared in Synthesis Example 1 and the GDE were assembled to
prepare the MEA. It is to be noted that the GDE was the one
prepared by coating the “TGP-H-060"” manufactured by Toray
Industries, Inc. with a catalyst coating composition
comprising Pt—~loaded carbon catalyst TECLOES50E manufactured by
Tanaka Kikinzoku Kogyo K.K. and “Nafion (Registered Trademark)”
solution and drying the coated sheet (platinum loading weight,
0.3 mg/cn?). Conditions of the production device were the same
as those of Example 1-1.

[0128]
[Example 2-2]

By using the device that was the same as the one used in
Example 1~2, the polyetherketone polymer electrolyte membrane
prepared in Synthesis Example 1 and the GDE were assembled to
prepare the MEA. It is to be noted that the GDE was the one
prepared by coating the “TGP-H-060” manufactured by Toray
Industries, Inc. with a catalyst coating composition
comprising Pt—loaded carbon catalyst TEC10E50E manufactured by
Tanaka Kikinzoku Kogyo K.K. and “Nafion (Registered Trademark)”
solution and drying the coated sheet (platinum loading weight,
0.3 mg/cm?). The cooled pressure application step was
conducted so that both the measured temperature of the belt and
MEA immediately after the completion of the step was 80°C.
Conditions of the production device were the same as those of
Example 1-2.

[0129]
[Example 2-3]

MEA was prepared by repeating the procedure of Example
2-1 except that Nafion (Registered Trademark) 211CS film
(manufactured by DuPont) was used instead of the polymer
electrolyte membrane prepared in Synthesis Example 1 for the

polymer electrolyte membrane, and the maximum of the actually
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measured temperature of the polymer electrolyte membrane in the
course of passing through the heated pressure application
section was 150°C.

f0130]

[Example 2-4]

MEA was prepared by repeating the procedure of Example
2-2 except that Nafion (Registered Trademark) 211CS film
{manufactured by DuPont) was used instead of the polymer
electrolyte membrane prepared in Synthesis Example 1 for the
polymer electrolyte membrane, and the maximum of the actually
measured temperature of the polymer electrolyte membrane in the
course of passing through the heated pressure application
section was 150°C.

[0131]
[Comparative Example 2-1]

MEA was prepared by repeating the procedure of Example
2~-1 except that the device used was the one as shown in FIG.
5 which was the same as the one shown in FIG. 2 except that the
drums 108A and 108B and the pressure application sections 124A
and 124B had the heating means 116 adjusted as in the case of
the drums 112A and 112B, and the preliminary pressure
application step was not conducted.

[0132]
[Comparative Example 2-2)

MEA was prepared by repeating the procedure of Example
2-2 except that the device used was the one as shown in FIG.
6 which was the same as the one shown in FIG. 4 except that the
pressure application section 124A and 124B had the heating means
116 adjusted as in the case of the pressure application sections
124C and 124D, and the preliminary pressure application step
was not conducted.

[0133]
[Comparative Example 2-3]

MEA was prepared by repeating the procedure of
Comparative Example 2-1 except that Nafion (Registered
Trademark) 211CS film (manufactured by DuPont) was used instead
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of the polymer electrolyte membrane prepared in Synthesis
Example 1 for the polymer electrolyte membrane, and the maximum
of the actually measured temperature of the polymer electrolyte
membrane in the course of passing through the heated pressure
application section was 150°C.

[0134]

[Comparative Example 2-4]

MEA was prepared by repeating the procedure of
Comparative Example 2-2 except that Nafion (Registered
Trademark) 211CS film (manufactured by DuPont) was used instead
of the polymer electrolyte membrane prepared in Synthesis
Example 1 for the polymer electrolyte membrane, and the maximum
of the actually measured temperature of the polymer electrolyte
membrane in the course of passing through the heated pressure
application section was 150°C.

[0135]

The conditions used for the production in Examples and
Comparative Examples and the results of the evaluation for the
CCM and the MEA are shown in Table 2.

[0136]
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Explanation of Numerals

[0137]
10: polymer electrolyte membrane
12: ccM

20A, 20B: catalyst transfer sheet

22A, 22B: substrate

30: electrolyte sheet (polymer electrolyte membrane or CCM)
40: gas diffusion sheet (GDE or GDL)

50: MEA

100: CCM production device

102: electrolyte membrane-supplying roller

104A, 104B: catalyst transfer sheet-supplying roller
106A, 106B, 118A, 118B: guide roller

108A, 108B, 112A, 112B: drum

110A, 110B, 114A, 114B: conveyer belt

116: heating means

120: CCM winding roller

1222, 122B: substrate-winding roller

124A, 124B, 124C, 124D, 124E, 124F: pressure application
section

126: cooling means

200: MEA production device

202: electrolyte sheet-supplying roller

204A, 204B: gas diffusion sheet-supplying roller
206A, 206B: guide roller

208A, 208B, 212A, 212B: drum

210A, 210BR, 21424, 214B: conveyer belt

216: heating means

220: MEA winding roller
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CLAIMS:

1. A method for producing an assembly including a
polymer electrolyte membrane comprising
a step of preliminary pressure application wherein a
pressure is continuously applied to a recipient sheet including
a polymer electrolyte membrane and an assembling sheet
including an assembling layer, the recipient sheet and the
assembling layer of the assembling sheet being in contact with
each other, and
a step of heated pressure application wherein the

recipient sheet and the assembling sheet after the preliminary
pressure application step are subjected to continuous pressure
application with heating,

wherein the preliminary pressure application step and the
heated pressure application step are continuously conducted
with the recipient sheet and assembling sheet being subjected
to the pressure application, and

the temperature of the recipient sheet and assembling
sheet during passage through the preliminary pressure
application section for performing the preliminary pressure
application step is less than 100°C, and

the temperature of the recipient sheet and assembling
sheet immediately after passing the heated pressure application

section for performing the heated pressure application step is

at least 120°C and up to 180°C.

2. A method for producing an assembly including a
polymer electrolyte membrane according to claim 1 wherein

average temperature elevation rate of the recipient sheet and
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the assembling sheet in the preliminary pressure application

step is up to 20°C/sec.

3. A method for producing an assembly including a
polymer electrolyte membrane according to claim 1 or 2 wherein
the pressure application in at least one of the preliminary
pressure application step and the heated pressure application
step is conducted by a double belt pressure application

mechanism.

4. A method for producing an assembly including a

polymer electrolyte membrane according to claim 3 wherein the
preliminary pressure application step and the heated pressure
application step are continuously conducted in one double belt

pressure application mechanism.

5. A method for producing an assembly including a
polymer electrolyte membrane according to any one of claims 1
to 4 further comprising a step of pressure application with
cooling wherein the assembly assembled in the heated pressure
application step is continuously subjected to pressure

application with cooling.

6. A method for producing an assembly including a
polymer electrolyte membrane according to claim 5 wherein the
preliminary pressure application step, the heated pressure
application step, and the cooled pressure application step are
continuously conducted in one double belt pressure application

mechanism.
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7. A method for producing an assembly including a
polymer electrolyte membrane according to any one of claims 1
to 6 wherein the recipient sheet is a polymer electrolyte
membrane, and the assembling sheet is a catalyst transfer sheet,
and the assembly including a polymer electrolyte membrane is a

catalyst coated membrane.

8. A method for producing an assembly including a
polymer electrolyte membrane according to any one of claims 1
to 7 wherein the recipient sheet is a polymer electrolyte
membrane or a catalyst coated membrane, and the assembling
sheet is a gas diffusion electrode or a gas diffusion layer,

and the assembly is membrane-electrode assembly.

9. A method for producing an assembly including a
polymer electrolyte membrane according to any one of claims 1
to 8 wherein an electrolyte membrane comprising an aromatic
hydrocarbon polymer is used for the polymer electrolyte

membrane.

10. A device for producing an assembly including a
polymer electrolyte membrane comprising

a preliminary pressure application section wherein a
pressure 1is continuously applied to a recipient sheet including
a polymer electrolyte membrane and an assembling sheet
including an assembling layer which is to be assembled to at
least one surface of the recipient sheet, the recipient sheet
and the assembling layer of the assembling sheet being in
contact with each other, and

a heated pressure application section, wherein the

recipient sheet and the assembling sheet after the preliminary
56
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pressure application step are subjected to continuous pressure
application with heating

wherein the preliminary pressure application section and
the heated pressure application section are respectively
constituted as a part of an integral double belt pressure
application mechanism, and

the temperature of the recipient sheet and assembling
sheet during passage through the preliminary pressure
application section is set to be less than 100°C, and

the temperature of the recipient sheet and assembling

sheet immediately after passing the heated pressure application

section is set to be 120°C or higher and 180°C or lower.

11. A device for producing an assembly including a
polymer electrolyte membrane according to claim 10 wherein
average temperature elevation rate of the recipient sheet and

the assembling sheet in the preliminary pressure application

section is set at a rate of up to 20°C/sec.

i2. A device for producing an assembly including a
polymer electrolyte membrane according to claim 10 or 11
further comprising a cooled pressure application section
wherein the assembly assembled in the heated pressure
application step is continuously subjected to pressure

application with cooling.

13. A device for producing an assembly including a
polymer electrolyte membrane according to claim 12 wherein the
preliminary pressure application section, the heated pressure

application section, and the cooled pressure application
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section are respectively constituted as a part of an integral

double belt pressure application mechanism.
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