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(57) Abstract: A membrane electrode assembly A in a polymer electrolyte fuel cell is manufactured in a state in which no boundary
is present between an electrolyte membrane 1 and an electrode catalyst layer 6. Thus, a membrane electrode assembly having high
electrical efficiency in polymer electrolyte fuel cell can be obtained. Electrolyte particles 2, and electrolyte fine particles 3 and elec-
trode catalyst particles 4, or a mixture 5 thereof, are applied onto a porous reinforced membrane 30, so as to form a laminated body
10A. The electrolyte particles 2 and the electrolyte fine particles 3 are melted by heating the laminated body 10A between heating
plates 21 and 22, and the porous reinforced membrane 30 is impregnated with the molten electrolyte, so as to form a reinforced
electrolyte membrane. Further, the reinforced electrolyte membrane and an electrode catalyst layer 6 including the electrode catalyst
particles 4 are integrally bound to each other due to the molten electrolyte in a state in which no interlayer boundary is present,
thereby forming a membrane electrode assembly Al.
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DESCRIPTION

METHOD FOR MANUFACTURING MEMBRANE ELECTRODE ASSEMBLY
AND REINFORCED ELECTROLYTE MEMBRANE IN POLYMER
ELECTROLYTE FUEL CELL, AND MEMBRANE ELECTRODE ASSEMBLY
AND REINFORCED ELECTROLYTE MEMBRANE OBTAINED BY THE
MANUFACTURING METHOD

TECHNICAL FIELD

The present invention relates to a method for manufacturing a membrane
electrode assembly and a reinforced electrolyte membrane in a polymer electrolyte fuel
cell, and a membrane electrode assembly and a reinforced electrolyte membrane
obtained by the manufacturing method.

BACKGROUND ART

Any discussion of documents, acts, materials, devices, articles or the like which
has been included in the present specification is solely for the purpose of providing a
context for the present invention. It is not to be taken as an admission that any or all of
these matters form part of the prior art base or were common general knowledge in the
field relevant to the present invention as it existed before the priority date of each claim
of this application.

Throughout this specification the word "comprise", or variations such as
"comprises" or "comprising”, will be understood to imply the inclusion of a stated
element, integer or step, or group of elements, integers or steps, but not the exclusion of
any other element, integer or step, or group of elements, integers or steps.

A polymer electrolyte fuel cell (PEFC) is known as a mode of fuel cell. Since
the operating temperature (approximately 80°C to 100°C) of such polymer electrolyte
fuel cell is lower than those of other modes of fuel cells, the cost and size can be
reduced. Thus, it is expected as a power source for automobiles or the like.

As shown in Fig. 7, the polymer electrolyte fuel cell includes a membrane
electrode assembly (MEA) 50 as a principal constituent element, which is sandwiched
between separators 51, 51 having fuel (hydrogen) gas channels and air gas channels, so
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as to form a single fuel cell 52 referred to as a single cell. The membrane electrode
assembly 50 has a structure in which an anode-side electrode catalyst layer 56a and a
diffusion layer 57a are staked on one side of an electrolyte membrane 55 that is an ion
exchange membrane, and a cathode-side electrode catalyst layer 56b and a diffusion
layer 57b are staked on the other side of the electrolyte membrane 55.

A thin membrane of perfluorosulfonic acid polymer (Nafion membrane, DuPont
co. Itd., USA) that is electrolyte resin (ion exchange resin), is mainly used as the
electrolyte membrane 55, and electrode material formed of electrode

1A




WO 2007/072765 PCT/JP2006/325144

catalyst and electrolyte resin such as platinu-m-supported carbon is mainly used as
the electrode catalyst layers 56a and.56b, In order to manufacture the membrane
electrode. assembly (MEA) 50, a method (wet method) is conducfed, by which a
rﬁixed solution (cafalyst ink) of electrode catalyst and electrolyte resin solution is |
prepared, and the prepared solution is applied to the electrolyte membrane 55 by a
SCreeﬁ printing method or the like, followed by drying (see Patent Document 1,.
for examp.le). Alternatively,‘ another method ‘(dry.method) is conducted, by
which electrode material prepared utterly i'n.é dry manner or powdery electrode
" material, which is obtained by drying the above catalyst ink so that the solvent or
the like is removed, is ,traﬁscfibed to the electrolyte membrane 5 by utilizing
electrostatic force or the liké, and the materia_l is then caused to be fixed by a
fixing roller (see Patent Document.2, for example). | .
| \ ‘While there are cases in which a thin membrane of electrolyte resin alone
is used for the elcctrolyte membrane 55 as dcscribed above, since sufficieht‘
strength cannot bé obtained by such electrolyte resin alone, there are also cases in
which a poro.us reinforced membrane (such as a thin membrane formed by
stretching PTFE, polyolefin resin, or the liikc) is impregnated with electrolyte
resin solution, éo .as to form a reinfo;céd electrolyte membrane (see '_Pafent

Dc.)c':ume"nt 3, for example).

Patent Document 1: JP Patéqt Publication (Kokai) No. 9-180728 A (1997)
Patent Document 2: JP Patent Publication (Kokai) No. 2002-367616 A
Patent Document 3: JP Patent Publication (Kokai) No.-9-194609 A (1997)

DISCLOSURE OF THE INVENTION _
PROBLEMS TO BE SOLVED BY THE INVENTION

Regarding such membrane electrode assembly in a polymer electrolyte
fuel cell, it is desirable that interface resistance between the electrolyte
membrane and the electrode catalyst layer is small in order to obtain high
electrical efficiency. However, in either the conventional wet method or dry
method, since it is impossible to eliminate the presence of -interlayer bouﬁdary

itself, there are limits to reducing the interface resistance while various methods
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have been adopted. Further, the electrolyte membrane and the electrode catalyst layer
stacked in layers are actively pressurized in the process of manufacture, so as to be
integrated with each other. Therefore, damage to the electrolyte membrane cannot be
completely prevented.

Furthermore, in cases in which the reinforced electrolyte membrane is used as
the electrolyte membrane, while damage to the electrolyte membrane due to
pressurization or the like in the process of manufacturing the membrane electrode
assembly can be prevented, since pressurization is normally carried out for adequately
impregnating the inside of the porous reinforced membrane with electrolyte solution in
the process of manufacturing the reinforced electrolyte membrane, damage to the

porous reinforced membrane cannot be prevented due to such pressurization.

MEANS OF SOLVING THE PROBLEMS

According to a first aspect of the invention there is provided a method for
manufacturing a membrane electrode assembly in a polymer electrolyte fuel cell,
comprising at least:

a first step of applying electrolyte particles and electrode catalyst particles, or a
mixture thereof, on a porous reinforced membrane, so as to form a laminated body; and

a second step of heating the laminated body so that the electrolyte particles are
melted, impregnating the porous reinforced membrane with the molten electrolyte, so
as to form a reinforced electrolyte membrane, without active application of external
pressure, and integrally binding the reinforced electrolyte membrane and an electrode
catalyst layer including the electrode catalyst particles to each other via the molten
electrolyte.

A porous reinforced membrane, such as PTFE porous membrane, used in a
conventional electrolyte membrane, can be suitably used. An electrolyte and electrode
catalyst particles, similar to those used in the first invention, can also be used.

The electrolyte particles may be melted by heating the laminated body, and the
porous reinforced membrane is impregnated with the molten electrolyte on one side,
without active application of external pressure, whereby a reinforced electrolyte
membrane is formed. Further, the molten electrolyte may function as a binder, thus
integrally binding to the electrode catalyst particles. Thus, a membrane electrode
assembly used in a polymer electrolyte fuel cell, in which the reinforced electrolyte
membrane and the electrode catalyst layer including the electrode catalyst particles are
integrally bound to each other in a state in which no interlayer boundary is present or in

a state in which the boundary, if any, is very subtle, can be obtained. Since active
3
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application of external pressure is not carried out in the process of manufacture,
damage to the porous reinforced membrane can be substantially reduced.

A step of disposing an electrolyte thin membrane between the porous
reinforced membrane and the electrolyte particles may be additionally included in the
first step of the second invention. In such case, the electrolyte thin membrane is also
melted by heating, together with the electrolyte particles. By impregnating the porous
reinforced membrane with the electrolyte formed of the molten electrolyte thin
membrane, a reinforced electrolyte membrane with a more stable structure can be
obtained, and the integral binding between the reinforced electrolyte membrane and the
electrode catalyst layer can be further assured.

When such porous reinforced membrane is used, it takes a long time for the
porous reinforced membrane to be impregnated with the molten electrolyte
homogeneously. As a variation for solving such matter, at least the above-described
second step is carried out under reduced pressure in a sealed space inside which
pressure can be reduced. In accordance with this method, by reducing the pressure in
the sealed space in which the laminated body is contained, deaeration of the porous
reinforced membrane progresses, and deaerated regions are rapidly impregnated with
the molten electrolyte. Thus, the manufacturing time for the membrane electrode
laminated body can be significantly shortened. Further, the impregnation of the porous
reinforced membrane with the molten electrolyte progresses further completely.

According to a second aspect of the invention there is provided a method for
manufacturing a reinforced electrolyte membrane in a polymer electrolyte fuel cell, the
method comprising at least:

a first step of applying a filmy or particulate electrolyte to a porous reinforced
membrane, so as to form a laminated body; and

a second step of heating the laminated body so that the filmy or particulate
electrolyte is melted, and impregnating the porous reinforced membrane with the
molten electrolyte, without active application of external pressure.

The present aspect corresponds to the reinforced electrolyte membrane part
alone in the above first aspect. The porous reinforced membrane and electrolyte used
herein may be the same as those used in the first aspect. Since the porous reinforced
membrane is also impregnated with the molten electrolyte without active application of
external pressure in this aspect, a reinforced electrolyte membrane having an
undamaged porous reinforced membrane can be obtained.

In this second aspect as well, it is preferable to carry out at least the second step
under reduced pressure in a sealed space inside which pressure can be reduced. Thus,

4
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since the deaeration of the porous reinforced membrane and the substitution of molten
electrolyte are accelerated, time required for impregnating the porous membrane with
molten electrolyte is shortened, whereby a complete impregnation state can be
obtained.

Further, in this second aspect, while heating may be carried out in accordance
with an arbitrary method, such method is preferable, in which the laminated body is
disposed between a pair of heating plates, and heating is carried out by the heat from
the heating plates. In such case, a step of disposing heat transfer sheets and/or
protective sheets between the heating plates and the laminated body is further included,
as a preferable mode. Material having heat resistance and high thermal conductivity,
such as copper or aluminium foil, can be used for the heat transfer sheets, and material
having a high degree of surface flatness can be used for the protective sheets, such as
PTFE resin sheets.

By using such sheets, even when there are variations in the surface properties of
the laminated body surface or in the membrane thickness, the filmy or particulate
electrolyte layer can be uniformly melted by heating, without active application of
surface pressure. Note that the step of disposing the heat transfer sheets and/or
protective sheets between the heating plates and the laminated body can be similarly
applied to cases in which heating of the laminated body is carried out between the pair
of heating plates in accordance with the method for manufacturing a membrane
electrode assembly disclosed in the first and second inventions.

According to a third aspect of the invention there is provided a membrane
electrode assembly in a polymer electrolyte fuel cell, the membrane electrode assembly
obtained by the manufacturing method according to the first aspect .

According to a fourth aspect of the invention there is provided a reinforced
electrolyte membrane in a polymer electrolyte fuel cell, the reinforced electrolyte
membrane obtained by the manufacturing method according to second aspect.

As a result of the above described aspect of the invention, a membrane electrode
assembly in a polymer electrolyte fuel cell can be manufactured in a state in which no
boundary is present between the electrolyte membrane and the electrode catalyst layer
or in a state in which the boundary, if any, is very subtle, the interface resistance
between individual layers can be reduced, whereby a membrane electrode assembly
with high electrical efficiency in a polymer electrolyte fuel cell can be obtained.
Further, the reinforced electrolyte membrane used in the membrane electrode assembly
in a polymer electrolyte fuel cell can be manufactured, without causing damage to the
porous reinforced membrane. By using such manufactured reinforced electrolyte

5
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membrane, a membrane electrode assembly with high electrical efficiency in a polymer
electrolyte fuel cell can be obtained.

This specification further describes a method for manufacturing a membrane
electrode assembly in a polymer electrolyte fuel cell that includes at least a first step of
applying electrolyte particles and electrode catalyst particles, or a mixture thereof, on
an electrolyte membrane to form a laminated body, and a second step of heating the
laminated body so that at least the electrolyte particles are melted, and integrally
binding the electrolyte membrane and an electrode catalyst layer including the
electrode catalyst particles to each other via the molten electrolyte.

The electrolyte membrane may be formed of a membrane of electrolyte (ion
exchange resin) alone. Alternatively, it may be a reinforced electrolyte membrane
formed by impregnating a porous reinforced membrane with electrolyte. While such
electrolyte that is used for an electrolyte membrane in a conventional polymer
electrolyte fuel cell can be suitably used, since a fluorine-type electrolyte formed of a
precursor polymer of an electrolyte polymer has heat stability, it is particularly
preferable as a material for manufacturing the electrolyte membrane according to the
present invention. When such fluorine-type electrolyte is used to obtain the electrolyte
membrane, a step (hydrolysis treatment) of providing the electrolyte polymer with ion-
exchange properties in accordance with a conventionally known method (a method
disclosed in JP Patent Publication (Kokai) No. 9-194609 A (1997), for example) is
conducted. Further, while a porous reinforced membrane used in a conventional
electrolyte membrane can be suitably used as the porous reinforced membrane, a PTFE
porous membrane is particularly preferable.

The electrolyte particles may be formed by changing the above electrolyte into
particles, preferably, each having a particle diameter of 100 zm or less. More
preferably, particles, each having a particle diameter of approximately 0.1 zm to 50
#m, are used. Further, the particle diameter of each of the electrolyte particles on the
electrode catalyst particle side is preferably less than that of each of the electrolyte
particles on the electrolyte membrane side, and thus, fine particles, each having a
particle diameter of 1 um or less, are used.

The electrode catalyst particles may be formed by allowing conductive carries,
such as carbons, to support a catalyst component such as platinum, and conventional
electrode catalyst particles used in an electrode catalyst layer in a membrane electrode
assembly can be used without modification.

The above electrolyte particles and electrode catalyst particles may be
individually applied and stacked on the electrolyte membrane. Alternatively, a mixture

6
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of the electrolyte particles and the electrode catalyst particles may be formed, so as to
apply the mixture on the electrolyte membrane. In either case, the laminated body
formed is heated until at least the electrolyte particles are melted. Preferably, at least
the surface layer portion of the electrolyte membrane is also melted. While the heating
temperature varies depending on the kind of electrolyte, melting can be achieved at a
temperature approximately between 200°C and 270°C in the case of the fluorine-type
electrolyte. While heating can be carried out in accordance with an arbitrary method, a
method in which the laminated body is disposed between a pair of heating plates to
carry out heating due to heat from the heating plates is preferable.

The electrolyte, which has been made in a molten state due to the heating of the
electrolyte particles, may be integrally bound to the surface layer portion of the
electrolyte membrane on one side of the electrolyte through impregnation of the inside
of the surface layer portion with the electrolyte, while the electrolyte is integrally
bound to the electrode catalyst particles on the other side by functioning as a binder,
without active application of external pressure in particular. In this way, a membrane
electrode assembly used in a polymer electrolyte fuel cell, in which the electrolyte
membrane and the electrode catalyst layer including the electrode catalyst particles are
integrally bound to each other in a state in which no interlayer boundary is present or in
a state in which the boundary, if any, is very subtle, can be obtained. Since active
application of external pressure is not necessary in the process of manufacture, damage
to the electrolyte membrane can be prevented as much as possible.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a diagram for explaining an example of a laminated body used for
manufacturing a membrane electrode assembly by a method for manufacturing a
membrane electrode assembly in a polymer electrolyte fuel cell according to one
embodiment of the present invention.

Fig. 2 shows a diagram for explaining a process of manufacturing the membrane
electrode assembly by using the laminated body shown in Fig. 1.

Fig. 3 shows a diagram for explaining another example of the laminated body
used for manufacturing a membrane electrode assembly by a method for manufacturing
a membrane electrode assembly in a polymer electrolyte fuel cell according to another
embodiment of the present invention.

Fig. 4 shows a diagram for explaining a process of manufacturing the membrane
electrode assembly by using the laminated body shown in Fig. 3.




02 Feb 2010 -

2006328781

10

15

Fig. 5 shows a diagram for explaining an example of a process of manufacturing
a reinforced electrolyte membrane by a method for manufacturing a reinforced
electrolyte membrane in a polymer electrolyte fuel cell according to one embodiment
of the present invention.

Fig. 6 shows a drawing for explaining another laminated body when the
reinforced electrolyte membrane is manufactured by the manufacturing method shown
in Fig. 5.

Fig. 7 shows a diagram for explaining an example of a polymer electrolyte fuel
cell.

EXPLANATION OF LETTERS OR NUMERALS

Next page 10
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A, Al membrane electrode assembly
sealed space
electrolyte membrane

~ electrolyte particle

S

1

2

3 electrolyte fine particle
4 electrode catalyst particle

5 mixture of electrolyte fine particle and electrode catalyst particle
10, 10A laminated body for membrane electrode assembly.

20 heating plate device -
21 lower lleating plate '
22 | . upper heating plate

23 shielding wall

.24 ‘opening

25 vacuum pump _

30 porous reinforced membrane (PTFE porous membrane)

31 electrolyte thin membrane 7

40 lammated body for reinforced electrolyte membrane .

41 ~ reinforced electrolyte membrane

43 "protective sheet

44 heat transfer sheet

45 | another laminated body for reinforced electrolyte membrane

BEST MODES‘FOR CARRYING OUT THE INVENTION

Embodiments of the present invention will be hereafter described with
reference to the drawings. Figs. 1 to 4 show diagrams for explaining methods
for manufacturing a membrane electrode assembly in a polymer electrolyte fuel
cell according to the'present invention. Figs. 5 and 6 show diagrams for
explaining methods for manufacturing a reinforced electrolyte membrane in a
polymer electrolyte fuel cell according to the present invention.

In Fig. 1, reference numeral 1 denotes an electrolyte membrane, and it is
comprised of a thin membrane of ion exchange resin such as Nafion (trade name).

Preferably, it is a fluorine-type electrolyte membrane having a thickness of

10
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approximately 23 pm to 70 Hm (Fig. la). Particles 2 (the particle diameter:
approximately 0.1 um to 50 um) of the same electrolyte are applied on a surface
o_f the electrolyte membrane 1 (Fig. 1b), and a mixture 5 of électrolyt-e_ fine
particles 3, prcferébly each having a particle diameter of 1 pm or less, and

electrode catalyst particles 4 is applied on the particles 2 (Fig. 1c¢). The

electrode catalyst particles 4 are made by allowing carbon supports to support a. -

catalyst such as platinum. In this way, a membrane electrode assembly having a
laminated body 10 with a thickness of D1 prior to heating is formed.

| As shown in Fig. lc, the laminated body 10 may be formed by applying
the .ellectrolyte particles.2 a.n_dAthe mixture 5 on both surfaces of the electrolyte
membrane 1. Alternatively, the laminated body 10 may be formed by applying
~ them on onIé surt‘ace alone. Further, while not shown, a thin membrane éf the
- satme electrolyte \may be dispo.sed, instead Tof the electrolyte particles 2, t)r
between the electrolyte membrane layer 1 énd the layer of electrolyte particles 2.
Furthermore, _whén particles, each having a relatively small particle diameter, aré
used as the electrolyte particles 2, the electrode catalyst particles 4 alone may be
applled instead of the mixture 5. |

- Next, the above-mentioned lammated body 10 is heated until at lcast the
‘electrolyte particles 2 and 3 app11ed on the e]ectrolyte membrane 1 are melted.
Preferably, the éurface layer part of the electrolyte membrane 1 is also melted.
Further, when an elécttolyte thin _membrane is disposed, the thin membrane .is
also melted. - _ |

Fig. 2 shows a casé in which a heating plate device 20 is used as an

example in which the laminated body 10 is heated. The heating plate device 20
includes a lower heating plate 21 and an upper heating plate 22, and the position
of the upper heating plate 21 is adapted to be controlled by a control mechanism
equipped with a servo-motor (not shown) in units of um. The space between the
lower heating plate 21 and the upper heating plate 22 is covered with a shielding
wall 23, and a sealed space S is formed therein. Furthermore, a vacuum pump
25 is connected to an opening 24 formed in a portion of the shielding wall 23, so
that the pressure in the sealed space S can be reduced. '

The upper and lower heating plates 21 and 22 are separated, and the

11
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above-mentioned laminated bcdy 10 is placed on the lower _heating plate 21.
The control mechanism is cperated sc that the upper heating plate 22 is brought
down until the distance between the upper and lower heating plates becomes D1,
w.hich is the th_ickrless of the laminated body 10. Thus, the upper and lower '
surfaces of the laminated body 10 become in a state in-which they are in contact
with the surfaces of the upper and lower heating plates 21 and 22 under no -
external pressure .(Fig. 2a). Next, preferably, the distance between the upper and
lower plates is narrowed by a few pm, and the upper plate is then temporarily
.stopped (Fig. 2b). In this way, the surface variations of the laminated body _1'0
can be removed without substantial change in the thickness dimension of the
laminated body 10, whereby heat transfer properties during heating can be
_ equalrzed - ' |

‘The heatmg plates are heated to 200 °C to 270 °C. Heat from the heatmg
plates is gradually conducted from the surfaces of the laminated body 10 to the
inside thereof.. The laminated body 10 is heated unt11 the electrolyte f1nev
part1cles 3 in the above mixture 5, the electrolyte particles 2 applied on the
surface of the electrolyte membrane 1, and preferably, the surface layer parts of
the electrolyte membrane 1 in the laminated body 10 are melted by~ using the
control - mechanism. Since an amount of decrease in the volume of the
electrolyte particles associated with heating and melting can be calculated in
advénce the upper heatirlg plate 22 is brought down by the control mechanism in
view of such amount of decrease. ‘ | |

By maintaining such state for a while, the surface layer portlons of the'
electrolyte membrane 1 are impregnated with the electrolyte formed by heating
and melting the electrolyte particles 2 and the electrolyte fine particles 3. The
electrolyte is integrally bound to the electrolyte membrane 1 on one side, while it
is integrally bound to the electrode catalyst particles 4 on the other side by
functioning as a binder, without active application of external pressure. While
depressurization of the sealed space S is unnecessary in this example, the
pressure in the sealed space S may be slightly decreased during heating. In this
way, individual layers can be further integrally bound to each other. Fulrther,

when depressurization is not conducted, the shielding wall 23 can be omitted.

12
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After the shape of the laminated body 10 is maintained by cooling, the
space S is opened, and the laminated body 10 is retrieved. Thus, as shown in
F1g 2¢, the electrolyte membrane 1 and an electrode catalyst layer.6 are
integrally bound in a state in which no boundary is present, and therefore the
interlayer joining strength is srgmfrcantly improved, whereby a membrane
electrode assembly A having a reduced interface resistance can be manufactured. -
Note that, while not shown, When a fluorine- type electrolyte is used as the
electrolyte, a step. (hydrolysis treatment) of providing the electrolyte polymer

with ion- exchange propert1es is conducted in accordance with- a conventionally
known method.

In accordance with the above manufacturmg method since active
application of external pressure-is not particularly necessary in the process of
manufacture, damage to the electrolyte membrane 1 in the, manufactured
membrane electrode assembly A can be pre'vented as much as possible, whereby. a
membrane electrode assembly .with high electrical lefficiency can be obtained.
Note that a substantially equivalent membrane electrode assembly A can be also
obtained when a sllght pressure havmg such degree that the electrolyte membrane
'l is not damaged is applied.

- Figs. 3 and 4 show d1agrams for explaining a mode in whlch the
membrane electrode assembly Al adopting a reinforced electrolyte membrane as
the electrolyte membrane is manufactured. In_ Figs. 3 and 4, reference numeral "
30 denotes a porous reinforced membrane such as a PTFE porous membrane, and
the electrolyte particles 2 are applied t.o the surfaces thereof. The application'
amount is set_-in consideration "of the impregnation amount of the porous
reinforced membrane 30. * Thus, the amount (Fig.' 3a) becomes larger, as
compared with the amount in the case of the membrane electrode assemb.ly A
explained with Figs. 1 and 2.

The mixture 5 of the electrolyte fine particles 3 and the electrode catalyst
particles 4 is applied on the layer of applied electrolyte particles 2 in the same
manner as described above, so as to form a laminated body 10A (Fig. 1b). The
thickness D3 of the laminated body 10A is thicker than the thickness D1 of the
above laminated body 10.

13
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Next, the above laminatéd body IOA is heated by using the heating plate
device 20. Namely, the ubper and lower heating plates 21 and 22 are separated,
and the above-mentioned laminated body 10A is placed on the lower heating plate
21. The control fnechanism is opefatéd s0 as to bring dowﬁ the upper heating
plate 22 until the distance between the upper and lower heating plates becomes
D3, which is the thickness of the laminated body 10A. Thus, the upper and -
lower surfaces of the laminated body 10A become in a state in which they are in
contact with the surfaces of the upper and 'lower heating plates 21 and 22 under
" no external pressure (Fig. 4a). Next, preferably, the distance between the uppér
and lower pla{es is narrowed by a few. um, and the upper plate is then temporarily
stop.ped (Fig. 4b). In this"way, since the surface variations are corrected, tﬁe
_ equalization"of héat transfer prop.'ertieé and the_ﬂow properties of electrdlyte resin
dﬁring-heating cankbe improved, as in the case of the laminated body 10.

In such state, the heatingb platés are heaté‘d to 200°C to é7Q°C in the same
way as described above. The electrolyte parﬁclés 2 and electrolyte fine particles
3 are melted by heating, and the molten e‘lcctrolyte resin is integrally bound to the
¢lectr6de_ catalyst particles 4 as it functions as a binder, as in the case of the
laminated body 10. The electrolyte partidles 2 appiied on the p.or_b.us reinforced .
membrane 30 are also melted byvheating', and .fhe porous reinfor;:ed membrane 30
is impregnated fheréwith. ‘While imp'r'egnation progressés by naturally 'léaving
the boroué reinforced membrane 30, it requires -a long time. Thus, in ihis case,
the vacuum pump 25 is activated, so as to actively decrease the pressure of the '
sealed space S in the shielding wall 23. Due to such depressurization, the
deaeration of the fine pores in the porous reinforced membrane 30 is accelerated,
and therefore the fine pores are impregnated with molten electrolyte resin within
a short time.

Since the progr‘ess of impregnation with resin and an amount of decrease
in the volume of the electrolyte particles associated with heating and melting can
be calculated in advance, the upper heating plate 22 is brought down by the
control mechanism in view of the amount of decrease (Fig. 4c). After the shape
of the laminated body 10A is maintained by cooling, the space S is opened, and

the laminated body 10A is retrieved. Thus, the electrolyte membrane 1 having
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the porous reinforced membrane 30 and an electrode catalyst layer 6 are
integrally bound in a state in‘.whicll no boundary is present, and the interlayer
joining strength is significantly improved, whereby the membrane electrode
assembly Al havihg a reduced interface resistance, a thickness of D4, and a

reinforced electrolyte membrane can be manufactured. -

In this membrane electrode assembly Al since no pressure is actively -

appl1ed in the step of impregnating the porous reinforced membrane 30 with
molten electrolyte resin, it is possible to effectlvely prevent the porous reinforced
 membrane 30 from being damaged.

Figs. 5 and 6 show methods for manufacturmg the reinforced electrolyte
membrane in a polymer electrolyte fuel cell, in subst_antlally the same manner as
. ‘above. In the example shown in Fig. 5, the porou's reinforced membrane 30 used
. for manufacturiné the membrarle electrode assembly Al including the above
reinforced electrolyte membrane is used as the-porous reinforced membrane 30.
A laminated body 40 formed by accumulating the elect'rolyte thin membranes 31,
31 oh both surfaces of the porous reinforced membrane 30 is adjusted in advance.
By processing t_h'e laminated body 40 with the above heatlog ‘plate device 20, the
‘electrolyte resin is. melted by heating aod‘the porous reinforced membrane 30 is
-ifnoregnated with the molten resin. | -

Namely, the laminated body 40 with a thickness. of DS is dispoeed
between the lower heating pl_atev21 and the upper heating plate 22 without
'applyin'g pressure (Fig. 5a), and the surface variations are then eliminated by
narrowing the distance by a few pm (Fig. 5b). The upper- heating plate 22 is’
brought down with the control mechanism while actively decreasing the pressure
of the sealed space S in the shielding wall 23 by activaling the vacuum pump 25,
in view of a previously determined amount of decrease in the volumes of porous
membranes 31, 31 due to impregnation with resin (Fig. 5c¢). Next, after the
shape of the laminated body 40 is maintained by cooling, the space S is opened,
and the laminated body 40 is retrieved. Thus, a reinforced electrolyte membrane
41 with a thickness of D6 having the porous reinforced membrane 30 can be
obtained. Since .the laminated body 40 is not actively subjected to external

pressure in the process of manufacture, the reinforced electrolyte membrane 4]
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having an undamaged reinforced membrane 30 can be obtamed

Fig. 6 shows a dragram for explammg another mode for manufacturing the
above-descrrbed reinforced electrolyte membrane 41. In this example, after the
laminated body 40 formed by accumulating the electrolyte thin membranes 3v1, 31
on both surfaces of the porous reinforced membrane 30 is adjusted, protective
sheets 43, which are PTFE resin eheets, are stacked on both surfaces thereof. .
Next, heat‘ transfer sheets 44, such 'als ‘copper sheets, are further stacked thereon,
so as to form a laminated body 45. As in the same manner as descrihed with Fig.
* 5, this laminated body 45 is disposed between the lower heating plate 21 and the
upper'heating' plate 22 without applying pressure Next, the electrolyte resin is
melted and the porous reinforced membrane 30 is 1mpregnated with the molten

resin in the same manner. After a required 1mpregnat10n is ach1eved the shape'

| of the laminated body 40 is mamtamed by cooling, and the space S is then opened
to retrieve the lammated body 45. The reinforced electrolyte membrane 41 can
be then obtamed by separatmg the protective sheets 43 and heat transfer sheets 44
from the laminated body 45. o

In this example by stacking the protect1ve sheets 43, the surface
propertles of the electrolyte thin membranes 31 of the laminated body 40 can be
‘made umformly even, without surface variations. Further, by stacking the heat
transfer plates 44, heat to the electrolyte thm membranes 31 can be umformly ‘
transferred. Thus, the resin ﬂow propertles can be further improved, and a
reinforced electrolyte membrane 41 with a higher performance can be obtained.

Meanwhile, in the examples shown in Figs. 5 and 6, while the electrolyte’
thin membranes 31 are exemplified as electrolyte resin, electrolyte particles as
used in the manufacture of the membrane electrode assemblies A and Al can be
used, instead of the electrolyte thin membranes 31. Further, the electrolyte thin
membranes 31 to which electrolyte‘particles are applied may be stacked on the
electrolyte thin membrane 31.

Further, in this case again, when a fluorine-type electrolyte is used as
electrolyte, the step (hydrolysis treatment) of providing the electrolyte polymer
with ion-exchange properties is conducted with respect to the manufactured

reinforced electrolyte membrane 41 in accordance with a conventionally known
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method.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. A method for manufacturing a membrane electrode assembly in a polymer
electrolyte fuel cell, comprising at least:

a first step of applying electrolyte particles and electrode catalyst particles, or a
mixture thereof, on a porous reinforced membrane, so as to form a laminated body; and

a second step of heating the laminated body so that the electrolyte particles are
melted, impregnating the porous reinforced membrane with the molten electrolyte, so
as to form a reinforced electrolyte membrane, without active application of external
pressure, and integrally binding the reinforced electrolyte membrane and an electrode

catalyst layer including the electrode catalyst particles to each other via the molten
electrolyte.

2. The method for manufacturing a membrane electrode assembly in a polymer
electrolyte fuel cell according to claim 1, wherein the first step further comprises a step
of disposing an electrolyte thin membrane between the porous reinforced membrane
and the electrolyte particles, and the electrolyte thin membrane is also melted by
heating, so that the porous reinforced membrane is impregnated with the molten
electrolyte, without active application of external pressure.

3. The method for manufacturing a membrane electrode assembly in a polymer
electrolyte fuel cell according to claim 1 or claim 2, wherein at least the second step is

carried out under reduced pressure in a sealed space inside which pressure can be
reduced.

4. The method for manufacturing a membrane electrode assembly in a polymer
electrolyte fuel cell according to any one of claims 1 to 3, wherein the electrolyte is a
fluorine-type electrolyte, and a third step of providing the electrolyte polymer with ion-
exchange properties is further included.

5. A method for manufacturing a reinforced electrolyte membrane in a polymer
electrolyte fuel cell, the method comprising at least:

a first step of applying a filmy or particulate electrolyte to a porous reinforced
membrane, so as to form a laminated body; and
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a second step of heating the laminated body so that the filmy or particulate electrolyte
is melted, and impregnating the porous reinforced membrane with the molten

electrolyte, without active application of external pressure.

6. The method for manufacturing a reinforced electrolyte membrane in a polymer
electrolyte fuel cell according to claim 5, wherein at least the second step is carried out

under reduced pressure in a sealed space inside which pressure can be reduced.

7. The method for manufacturing a reinforced electrolyte membrane in a polymer
electrolyte fuel cell according to claim 5 or claim 6, wherein the heating of the
laminated body is carried out between heating plates.

8. The method for manufacturing a reinforced electrolyte membrane in a polymer
electrolyte fuel cell according to claim 7, wherein a step of disposing heat transfer
sheets and/or protective sheets between the heating plates and the laminated body is
further included.

9. The method for manufacturing a reinforced electrolyte membrane in a polymer
electrolyte fuel cell according to any one of claims 5 to 8, wherein the electrolyte is a
fluorine-type electrolyte, and a third step of providing the electrolyte polymer with ion-
exchange properties is further included.

10. A membrane electrode assembly in a polymer electrolyte fuel cell, the membrane

electrode assembly obtained by the manufacturing method according to any one of
claims 1 to 4.

11. A reinforced electrolyte membrane in a polymer electrolyte fuel cell, the reinforced

electrolyte membrane obtained by the manufacturing method according to any one of
claims 5 to 9.

12. A method for manufacturing a membrane electrode assembly in a polymer
electrolyte fuel cell, the method being substantially as hereinbefore described with
reference to the accompanying drawings.
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13. The method for manufacturing a reinforced electrolyte membrane in a polymer

electrolyte fuel cell, the method being substantially as hereinbefore described with
reference to the accompanying drawings.

14. A membrane electrode assembly in a polymer electrolyte fuel cell substantially as
hereinbefore described with reference to the accompanying drawings.

15. A reinforced electrolyte membrane in a polymer electrolyte fuel cell substantially as
hereinbefore described with reference to the accompanying drawings.
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