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(57) In a solid polyelectrolyte fuel cell, with a frame
including a frame body main part placed along a periph-
eral edge portion of a membrane, a plurality of first re-
taining portions which are arrayed so as to protrude from
an inner edge of the frame body main part and which
retain the front surface side of the membrane, and a plu-
rality of second retaining portions which are arrayed so
as to protrude from the inner edge of the frame body main
part and which retain the back surface side of the mem-
brane, the first retaining portions and the second retain-
ing portions are so arrayed that retaining positions of the
membrane by the first retaining portions and retaining
positions of the membrane by the second retaining por-
tions are alternately placed. A plurality of front-surface
side elastic members are placed on the front surface of
the membrane between neighboring ones of the first re-
taining portions while a plurality of back-surface side
elastic members are placed on the back surface of the
membrane between neighboring ones of the second re-
taining portions.
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Description

Technical Field

[0001] The present invention relates to solid polyelec-
trolyte fuel cells and, in particular, to a structure of an
electrode-membrane-frame assembly for fuel cells as
well as a manufacturing method therefor.

Background Art

[0002] The solid polyelectrolyte fuel cell (hereinafter,
occasionally referred to as "PEFC") is a device for con-
currently generating electric power and heat by electro-
chemically reacting a hydrogen-containing fuel gas with
an oxygen-containing oxidizer gas such as air.
[0003] The most typical olid polyelectrolyte fuel cell
comprises a polyelectrolyte membrane supported by a
frame body with a gas-sealing gasket provided in a pe-
ripheral edge portion of the frame body, a membrane-
electrode assembly (MEA) made up with an anode bond-
ed to one surface of the electrolyte membrane and with
a cathode bonded to the other surface of the electrolyte
membrane, and an anode-side conductive separator
plate and a cathode-side conductive separator plate with
the MEA sandwiched therebetween. Gas feeding parts
for feeding fuel gas and oxidizer gas to the anode and
the cathode, respectively, are formed at peripheral edges
of central portions of separator plates to be put into con-
tact with the MEA.
[0004] A structure of such a conventional solid polye-
lectrolyte fuel cell is disclosed, for example, in Patent
Document 1. Specifically, as shown in Fig. 14, an MEA
303 whose peripheral edge portion is supported inside a
frame body 300 is sandwiched by separators 301 is dis-
closed.
[0005] Such an MEA is incorporated at a thicknesswise
generally center of the frame body. As a bonding method
therefor, adhesive or mechanical clamping or the like is
adopted.

Patent Document 1: JP 2005-100970 A
Patent Document 2: WO 2006/040994

Disclosure of Invention

Problems to be Solved by the Invention

[0006] However, the bonding method with adhesive for
a polyelectrolyte membrane may incur performance de-
terioration of the polyelectrolyte membrane due to volatile
components of the adhesive and so its applicable con-
ditions are limited. Also, the bonding method by mechan-
ical clamp causes a problem that crossleak tends to occur
through a minute gap between the polyelectrolyte mem-
brane and the frame body. The crossleak phenomenon
refers to a phenomenon that with reference to Fig. 14,
part of gas fed into the cell passes through a slight gap

generated between an inner edge of the frame body 300
and an electrode 302 so that the gas leaks from one of
the anode or cathode side to the other. For improvement
of power generating efficiency in fuel cells, there is a need
for reducing such crossleaks.
[0007] As one method for suppressing occurrence of
such a crossleak phenomenon, it is conceivable to form
the frame body by injection molding so that the peripheral
edge portion of the MEA is placed inside the frame body.
Using such a method makes it possible to improve close
contactability between the frame body and the peripheral
edge portion of the MEA and thereby reduce the cross-
leak. Such a method is disclosed also in, for example,
Patent Document 2.
[0008] Specifically, as shown in Fig. 15A, a first frame
member 311 preliminarily formed into a frame shape by
injection molding or the like is prepared. Then, as shown
in Fig. 15B, a peripheral edge portion of an electrode 314
in which anode and cathode are placed on both sides of
an electrolyte membrane 313, i.e., a peripheral edge por-
tion 313a of the electrolyte membrane 313 is positioned
and set on the first frame member 311. Thereafter, as
shown in Fig. 15C, a resin material is injected by injection
molding onto the top of the first frame member 311 with
the peripheral edge portion 313a of the electrolyte mem-
brane 313 set thereon, by which a second frame member
312 is formed. By forming the second frame member 312
integrally bonded to the first frame member 311 by injec-
tion molding as shown above, the peripheral edge portion
313a of the electrolyte membrane 313 sandwiched ther-
ebetween can be retained in an even closer contact state.
[0009] However, such a formation method by injection
molding has the following issues. As shown in Fig. 16A,
during the formation of the second frame member 312
by injection molding, when a high-temperature, high-
pressure resin material P is injected into a metal mold
(not shown), the peripheral edge portion 313a of the elec-
trolyte membrane 313 placed on top of the first frame
member 311 may be floated up in the resin material due
to flow resistance of the resin material P, resulting in
some cases in a state of being peeled up from the top
surface of the first frame member 311. If the resin material
P is solidified in such a state, the electrode 314 is retained
with the peripheral edge portion 313a of the electrolyte
membrane 313 completely floated up inside the second
frame member 312 as shown in Fig. 16B.
[0010] In such a case, it can occur that the electrode
314 cannot be retained enough by the frame body 310
or that the electrolyte membrane 313 may be damaged,
so that the crossleak cannot be reduced enough. In par-
ticular, the MEA is a comparatively expensive member,
and implementation of high yield (productivity) is desired
in the manufacture of fuel cells. Further, together with
such productivity improvement in the fuel cell manufac-
ture, improvement in performance of fuel cells such as
power generating efficiency also has still been being de-
manded.
[0011] Accordingly, a first object of the present inven-
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tion, lying in solving the above-described issues, is to
provide an electrode-membrane-frame assembly for sol-
id polyelectrolyte fuel cells, as well as a manufacturing
method for the electrode-membrane-frame assembly
and a solid polyelectrolyte fuel cell including the elec-
trode-membrane-frame assembly, the electrode-mem-
brane-frame assembly being capable of effectively sup-
pressing the crossleak phenomenon between the poly-
electrolyte membrane and the frame body and allowing
high yield to be implemented in its manufacture.
[0012] A second object of the invention is to provide
an electrode-membrane-frame assembly for fuel cells
which allows the performance such as power generating
efficiency to be improved in solid polyelectrolyte fuel
cells, as well as to provide a manufacturing method for
the electrode-membrane-frame assembly and a polye-
lectrolyte fuel cell including the electrode-membrane-
frame assembly.

Means to Solving the Problem

[0013] In order to achieve the above object, the present
invention has the following constitutions.
[0014] According to a first aspect of the present inven-
tion, there is provided an electrode-membrane-frame as-
sembly for polyelectrolyte fuel cells, comprising:

a membrane-electrode assembly having a polyelec-
trolyte membrane and a pair of electrode layers
placed on portions of both-side surfaces of the pol-
yelectrolyte membrane inner than a peripheral edge
portion thereof;
a frame body which retains the peripheral edge por-
tion of the membrane-electrode assembly, the frame
body being formed from resin; and
elastic members for sealing communications be-
tween front-and-back surfaces of the membrane-
electrode assembly in the peripheral edge portion of
the membrane-electrode assembly, wherein
the frame body comprises:

a frame body main part placed along the periph-
eral edge portion of the polyelectrolyte mem-
brane;
a plurality of first retaining portions which are
formed so as to protrude from an inner edge of
the frame body main part toward a center of the
frame body and to be arrayed along the inner
edge and which serve for retaining the front sur-
face side of the polyelectrolyte membrane; and
a plurality of second retaining portions which are
formed so as to protrude from the inner edge of
the frame body main part toward the center of
the frame body and to be arrayed along the inner
edge and which serve for retaining the back-sur-
face side of the polyelectrolyte membrane, and
wherein

the first retaining portions and the second retaining
portions are so arrayed that retaining positions of the
polyelectrolyte membrane by the first retaining por-
tions and retaining positions of the polyelectrolyte
membrane by the second retaining portions are al-
ternately placed along the peripheral edge portion
of the polyelectrolyte membrane, and
the elastic members include a plurality of front-sur-
face side elastic members placed on the front sur-
face of the polyelectrolyte membrane between
neighboring ones of the first retaining portions, and
a plurality of back-surface side elastic members
placed on the back surface of the polyelectrolyte
membrane between neighboring ones of the second
retaining portions.

[0015] According to a second aspect of the present
invention, there is provided the electrode-membrane-
frame assembly for polyelectrolyte fuel cells as defined
in the first aspect, wherein the front-surface side elastic
members and the back-surface side elastic members are
each formed so as to be upheaved upper than a sepa-
rator-side surface of the frame body.
[0016] According to a third aspect of the present in-
vention, there is provided the electrode-membrane-
frame assembly for polyelectrolyte fuel cells as defined
in the first aspect, wherein the front-surface side elastic
members and the back-surface side elastic members are
placed on the front surface and the back surface, respec-
tively, of the polyelectrolyte membrane so as to extend
from the inner edge of the frame body main part to outer
edges of the electrode layers, respectively.
[0017] According to a fourth aspect of the present in-
vention, there is provided the electrode-membrane-
frame assembly for polyelectrolyte fuel cells as defined
in the third aspect, wherein neighboring ones of the front-
surface side elastic members are so formed as to be
coupled to one another, and neighboring ones of the
back-surface side elastic members are so formed as to
be coupled to one another.
[0018] According to a fifth aspect of the present inven-
tion, there is provided the electrode-membrane-frame
assembly for polyelectrolyte fuel cells as defined in the
first aspect, wherein one of the back-surface side elastic
members placed opposite to the first retaining portions,
and one of the front-surface side elastic members placed
opposite to the second retaining portions neighboring the
one of the back-surface side elastic members, have an
overlap region in part of their respective placement re-
gions onto the polyelectrolyte membrane in the periph-
eral edge portion of the polyelectrolyte membrane.
[0019] According to a sixth aspect of the present in-
vention, there is provided the electrode-membrane-
frame assembly for polyelectrolyte fuel cells as defined
in the first aspect, wherein the first retaining portions and
the second retaining portions are so formed that a width
of each of the retaining portions on its projective end side
projecting toward the center of the frame body is larger
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than a width of each of the retaining portions on its frame
body main part side.
[0020] According to a seventh aspect of the present
invention, there is provided the electrode-membrane-
frame assembly for polyelectrolyte fuel cells as defined
in the first aspect, wherein a space is provided between
the inner edge of the frame body main part and an end
face of the peripheral edge portion of the polyelectrolyte
membrane.
[0021] According to an eighth aspect of the present
invention, there is provided a polyelectrolyte fuel cell
which comprises, in one layer or a plurality of stacked
layers, an electric cell module having the electrode-mem-
brane-frame assembly as defined in any one of the first
to seventh aspects, and a pair of separators which are
so placed as to sandwich the electrode-membrane-frame
assembly.
[0022] According to a ninth aspect of the present in-
vention, there is provided a method for manufacturing an
electrode-membrane-frame assembly for polyelectrolyte
fuel cells, comprising:

in such an arrangement of a membrane-electrode
assembly in a mold for injection molding that the
membrane-electrode assembly is supported from its
front surface side by a plurality of first support por-
tions placed along a peripheral edge portion of the
membrane-electrode assembly while the mem-
brane-electrode assembly is supported from its back
surface side by a plurality of second support portions
which are placed along the peripheral edge portion
of the membrane-electrode assembly so as to be
alternately positioned with the plurality of first support
portions along the peripheral edge portion, forming
a frame-shaped flow passage placed in a frame
shape along the peripheral edge portion of the mem-
brane-electrode assembly, a first flow passage
which is communicated with the frame-shaped flow
passage and which is placed so as to be in contact
with a front surface in the peripheral edge portion of
the membrane-electrode assembly between neigh-
boring ones of the first support portions, and a sec-
ond flow passage which is communicated with the
frame-shaped flow passage and which is placed so
as to be in contact with a back surface in the periph-
eral edge portion of the membrane-electrode assem-
bly between neighboring ones of the second support
portions;
injecting and filling resin into the flow passages in a
state that the peripheral edge portion of the mem-
brane-electrode assembly is retained by the first sup-
port portions and the second support portions, re-
spectively;
solidifying the filled resin thereby forming a frame
body including: a frame body main part formed by
the frame-shaped flow passage; a plurality of first
retaining portions which are arrayed along an inner
edge of the frame body main part in the first flow

passage so as to protrude from the inner edge toward
a center of the frame body and which serve for re-
taining the front-surface side of the membrane-elec-
trode assembly; and a plurality of second retaining
portions which are arrayed along the inner edge of
the frame body main part in the second flow passage
so as to protrude from the inner edge toward the
center of the frame body and which serve for retain-
ing the back-surface side of the membrane-elec-
trode assembly; and
forming a plurality of front-surface side elastic mem-
bers which are placed on the front surface of the
membrane-electrode assembly between neighbor-
ing ones of the first retaining portions, and a plurality
of back-surface side elastic members which are
placed on the back surface of the membrane-elec-
trode assembly between neighboring ones of the
second retaining portions.

Effect of the Invention

[0023] According to the present invention, in a struc-
ture that a peripheral edge portion of a polyelectrolyte
membrane in a membrane-electrode assembly is re-
tained by a frame body formed from resin material, the
frame body comprises a plurality of first retaining portions
which protrude from an inner edge of a frame body main
part toward a center of the frame body and which are
arrayed along the inner edge to retain the front surface
side of the polyelectrolyte membrane, and a plurality of
second retaining portions which are similar in structure
to the first retaining portions and which retain the back
surface side of the polyelectrolyte membrane. Further in
the frame body, the first retaining portions and the second
retaining portions are so formed that retaining positions
of the polyelectrolyte membrane by the first retaining por-
tions and retaining positions of the polyelectrolyte mem-
brane by the second retaining portions are alternately
placed along the peripheral edge portion of the polyelec-
trolyte membrane. With such a structure adopted, in the
formation of the frame body by injection molding with
resin, it becomes possible to carry out the injection of
resin for the formation of the frame body in the state that
the polyelectrolyte membrane is securely retained from
its front-and-back surfaces by the mold between the re-
spective retaining portions alternately positioned on the
front and back surface sides of the polyelectrolyte mem-
brane. Accordingly, such failures as floating-up of the
polyelectrolyte membrane can be prevented during the
injection molding process, so that the crossleak phenom-
enon can be suppressed effectively. Furthermore, such
formation of the frame body by injection molding be-
comes implementable in one step, so that the productivity
for the formation can be improved.
[0024] Also, with the placement that elastic members
higher in elasticity than the frame body are placed on
front and back surfaces of the polyelectrolyte membrane
between the individual retaining portions alternately po-
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sitioned on the front and back surfaces of the polyelec-
trolyte membrane as shown above, it becomes possible
to ensure portions of sealing between the frame body
and the polyelectrolyte membrane by the contact of the
elastic members with the surfaces of the polyelectrolyte
membrane, so that the sealing effect between the frame
body and the polyelectrolyte membrane can be en-
hanced and the occurrence of the crossleak phenome-
non can be suppressed even more effectively. Further,
the placement of such elastic members between the in-
dividual retaining portions allows the distance between
ends of the retaining portions and the outer edge of the
electrode layer to be reduced. Therefore, while the frame
body is made compact in outer dimensions, an area of
the electrode layer that contributes to power generation
process can be ensured efficiently, so that the power
generating efficiency of the fuel cell can be improved.

Brief Description of Drawings

[0025] These aspects and features of the present in-
vention will become clear from the following description
taken in conjunction with the preferred embodiments
thereof with reference to the accompanying drawings, in
which:

Fig. 1 is a schematic structural view showing an out-
lined structure of a fuel cell according to a first em-
bodiment of the invention;
Fig. 2 is a schematic exploded view of the fuel cell
stack included in the fuel cell of Fig. 1;
Fig. 3 is a partial schematic view (with no elastic
members) of the electrode-membrane-frame as-
sembly included in the fuel cell stack of Fig. 2;
Fig. 4 is a partial schematic view (with elastic mem-
bers) of the electrode-membrane-frame assembly
included in the fuel cell stack of Fig. 2;
Fig. 5A is a schematic sectional view of the electrode-
membrane-frame assembly taken along the line A-
A of Fig. 4;
Fig. 5B is a schematic sectional view of an electrode-
membrane-frame assembly according to a modifica-
tion taken along the line A-A of Fig. 4;
Fig. 6A is a manufacturing process (frame body
molding process) view of the electrode-membrane-
frame assembly of the first embodiment, showing a
structure of the metal mold;
Fig. 6B is a manufacturing process (frame body
molding process) view of the electrode-membrane-
frame assembly of the first embodiment, showing a
state that the MEA is mounted on a lower mold;
Fig. 6C is a manufacturing process (frame body
molding process) view of the electrode-membrane-
frame assembly of the first embodiment, showing a
state that the mold is clamped;
Fig. 6D is a manufacturing process (frame body
molding process) view of the electrode-membrane-
frame assembly of the first embodiment, showing a

state that the resin material is being injected;
Fig. 6E is a manufacturing process (frame body
molding process) view of the electrode-membrane-
frame assembly of the first embodiment, showing a
state that the frame body retaining the MEA has been
completed;
Fig. 7A is a manufacturing process (elastic member
molding process) view of the electrode-membrane-
frame assembly of the first embodiment, showing a
structure of the metal mold;
Fig. 7B is a manufacturing process (elastic member
molding process) view of the electrode-membrane-
frame assembly of the first embodiment, showing a
state that the frame body retaining the MEA is mount-
ed on the lower mold;
Fig. 7C is a manufacturing process (elastic member
molding process) view of the electrode-membrane-
frame assembly of the first embodiment, showing a
state that the mold is clamped;
Fig. 7D is a manufacturing process (elastic member
molding process) view of the electrode-membrane-
frame assembly of the first embodiment, showing a
state that the resin material is being injected;
Fig. 7E is a manufacturing process (elastic member
molding process) view of the electrode-membrane-
frame assembly of the first embodiment, showing a
state that the frame body with the elastic member
formed thereon has been completed;
Fig. 8 is a schematic view showing a placement
structure of the elastic members according to a mod-
ification of the first embodiment;
Fig. 9 is a partial schematic perspective view (with
no elastic members) showing a structure of an elec-
trode-membrane-frame assembly according to a
second embodiment of the invention;
Fig. 10 is a partial schematic perspective view (with
elastic members) showing a structure of the elec-
trode-membrane-frame assembly according to the
second embodiment of the invention;
Fig. 11 is a schematic explanatory view showing a
dimensional example in the electrode-membrane-
frame assembly of the second embodiment;
Fig. 12 is a schematic view showing a structure of
an electrode-membrane-frame assembly according
to a modification of the invention;
Fig. 13 is a schematic view showing a structure of
an electrode-membrane-frame assembly according
to another modification of the invention;
Fig. 14 is an exploded sectional view of an MEA and
separators of a conventional fuel cell;
Fig. 15A is a schematic explanatory view of a man-
ufacturing method of the MEA of the conventional
fuel cell;
Fig. 15B is a schematic explanatory view of the man-
ufacturing method of the MEA of the conventional
fuel cell;
Fig. 15C is a schematic explanatory view of the man-
ufacturing method of the MEA of the conventional
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fuel cell;
Fig. 16A is a schematic explanatory view of a mem-
brane peeling-up phenomenon in the conventional
manufacturing method of the MEA;
Fig. 16B is a schematic explanatory view of the mem-
brane peeling-up phenomenon in the conventional
manufacturing method of the MEA;
Fig. 17 is a partial schematic perspective view (with
no elastic members) showing a structure of an elec-
trode-membrane-frame assembly according to a
third embodiment of the invention;
Fig. 18 is a partial schematic perspective view (with
elastic members) showing a structure of the elec-
trode-membrane-frame assembly according to the
third embodiment of the invention;
Fig. 19A is a sectional view of the electrode-mem-
brane-frame assembly of the third embodiment tak-
en along the line B-B of Fig. 18;
Fig. 19B is a sectional view of the electrode-mem-
brane-frame assembly of the third embodiment tak-
en along the line C-C of Fig. 18;
Fig. 20 is a partial schematic perspective view (with
no elastic members) showing a structure of an elec-
trode-membrane-frame assembly according to a
modification of the third embodiment of the invention;
and
Fig. 21 is a partial schematic perspective view (with
elastic members) showing a structure of an elec-
trode-membrane-frame assembly according to a
modification of the third embodiment of the invention.

Best Mode for Carrying Out the Invention

[0026] Before the description of the present invention
proceeds, it is to be noted that like parts are designated
by like reference numerals throughout the accompanying
drawings.
[0027] Hereinbelow, embodiments of the present in-
vention will be described in detail with reference to the
accompanying drawings.

(First Embodiment)

[0028] Fig. 1 shows a schematic structural view show-
ing an outlined structure of a polyelectrolyte fuel cell
(PEFC) including a fuel cell stack according to a first em-
bodiment of the invention. Fig. 2 shows a schematic ex-
ploded view of the fuel cell stack (hereinafter, referred to
as stack) included in the fuel cell 101 shown in Fig. 1.
[0029] The fuel cell 101 acts to make a hydrogen-con-
taining fuel gas and an oxygen-containing oxidizer gas
such as air as an example electrochemically react with
each other to produce electric power, heat and water
concurrently. As shown in Fig. 1, the fuel cell 101 in-
cludes: a stack 30 having a stacked multilayer structure
in which a plurality of fuel cells (or unit cells or electric
cell module) having an anode-and-cathode pair of elec-
trodes are connected in series; a fuel processor 31 for

extracting hydrogen from the fuel gas; an anode humid-
ifier 32 for humidifying the hydrogen-containing fuel gas
extracted by the fuel processor 31 to improve the power
generating efficiency; a cathode humidifier 33 for humid-
ifying the oxygen-containing gas (oxidizer gas); and
pumps 34, 35 for feeding the fuel gas and the oxygen-
containing gas, respectively. That is, the fuel processor
31, the anode humidifier 32 and the pump 34 constitute
a fuel feeder unit for feeding the fuel gas to the individual
cells of the stack 30, while the cathode humidifier 33 and
the pump 35 constitute an oxidizer feeder unit for feeding
the oxidizer gas to the individual cells of the stack 30.
Although the fuel feeder unit and the oxidizer feeder unit
may be provided in various forms other than shown above
as far as they have the function of feeding fuel and oxi-
dizer, feeder units that feed fuel or oxidizer in common
to a plurality of cells included in the stack 30 may be
adopted in this embodiment enough to favorably obtain
later-described advantageous effects of the embodi-
ment.
[0030] The fuel cell 101 also includes: a pump 36 for
feeding and circulating cooling water to efficiently remove
heat generated in the stack 30 during the power gener-
ation; a heat exchanger 37 for exchanging the heat re-
moved by the cooling water (e.g., a liquid having no elec-
troconductivity such as pure water) with tap water or other
fluid; and a hot water storage tank 38 for storing heat-
exchanged tap water. Furthermore, the fuel cell 101 in-
cludes an operation control unit 40 that performs opera-
tion control for power generation by associating such in-
dividual constituent sections with one another, and an
electricity output section 41 that extracts electricity gen-
erated by the stack 30.
[0031] As shown in Fig. 2, the stack 30 included in the
fuel cell 101 is formed by stacking a plurality of unit cells
(electric cell module) 20, which are fundamental unit
components, into multiple layers and by tightening the
stacked layers with current collector plates 21, insulating
plates 22 and end plates 23 from both sides with a spec-
ified load. Each of the current collector plates 21 is pro-
vided with a current-extracting terminal portion 21a, from
which a current, i.e. electricity, is extracted during power
generation. Each of the insulating plates 22, which insu-
lates the current collector plate 21 and the end plate 23
from each other, may be provided with unshown inlet and
outlet for gas or cooling water. The end plates 23 tighten
and retain the stacked multilayered unit cells 20, the cur-
rent collector plates 21 and the insulating plates 22 with
a specified load by an unshown pressure means.
[0032] As shown in Fig. 2, each unit cell 20 is so formed
that the MEA (membrane-electrode assembly) 15 is
sandwiched by a pair of separators 5b, 5c. The MEA 15
is so formed that a catalytic layer (anode-side catalytic
layer) 112 composed mainly of carbon powder carrying
a platinum-ruthenium alloy catalyst is formed on an an-
ode surface side of a polyelectrolyte membrane 1a, which
is an example of the polyelectrolyte membrane member
for selectively transporting hydrogen ions, while a cata-
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lytic layer (cathode-side catalytic layer) 113 composed
mainly of carbon powder carrying a platinum catalyst is
formed on its cathode surface side, where gas diffusion
layers 114 having both gas permeability for fuel gas or
oxidizer gas and electronic conductivity are set on outer
sides of those catalytic layers 112 and 113. As the poly-
electrolyte membrane 1a, a solid polymer material show-
ing proton conductivity, for example, perfluorosulfonic
acid membrane (Nafion membrane made by DuPont) is
generally used. Hereinbelow, the anode-side catalytic
layer 112 and the gas diffusion layers 114 together will
be referred to as anode electrode (anode electrode layer)
1b, and the cathode-side catalytic layer 113 and the gas
diffusion layers 114 together will be referred to as cathode
electrode (cathode electrode layer) 1c.
[0033] The separators 5b, 5c have only to be made of
a gas-impermeable electroconductive material and are
generally formed, for example, by using a resin-impreg-
nated carbon material cut into a specified configuration
or a molded product of a carbon powder and resin ma-
terial mixture. At portions of the separators 5b, 5c to be
in contact with the MEA 15 are formed recessed groove
portions, and these groove portions are put into contact
with the gas diffusion layers 114 to form gas flow pas-
sages for feeding the fuel gas or the oxidizer gas to the
electrode surfaces and carrying away excess gas. The
gas diffusion layers 114 may be formed generally by us-
ing carbon fiber as their base material, and carbon fiber
woven cloth as an example is usable as such a base
material.
[0034] In this connection, a schematic partial perspec-
tive view of near an end portion of the MEA 15 in the unit
cell 20 is shown under magnification in Fig. 3.
[0035] As shown in Fig. 3, the MEA 15 is so formed
that the anode electrode 1b is bonded to one surface of
the polyelectrolyte membrane 1a while the cathode elec-
trode 1c is bonded to the other surface of the polyelec-
trolyte membrane 1a. The polyelectrolyte membrane 1a
is formed overall larger than the anode electrode 1b and
the cathode electrode 1c so that a peripheral edge portion
1d of the polyelectrolyte membrane 1a is exposed from
between the anode electrode 1b and the cathode elec-
trode 1c. The peripheral edge portion 1d of the polyelec-
trolyte membrane 1a of the MEA 15 is retained by a frame
body 2 formed from thermoplastic resin. Thus, an inte-
grated structure in which the MEA 15 is retained by the
frame body 2 forms an electrode-membrane-frame as-
sembly 10.
[0036] As shown in Fig. 3, the frame body 2 includes:
a frame body main part 3 placed along the peripheral
edge portion 1d of the polyelectrolyte membrane 1a; a
plurality of first retaining portions 11 which are formed so
as to protrude from an inner edge of the frame body main
part 3 toward a center of the frame body (i.e., toward a
center of the MEA 15) and to be arrayed along the inner
edge and which serve for retaining the anode side (i.e.,
front surface side in the figure) of the polyelectrolyte
membrane 1a; and a plurality of second retaining portions

12 which are formed so as to protrude from the inner
edge of the frame body main part 3 toward the center of
the frame body (i.e., toward the center of the MEA 15)
and to be arrayed along the inner edge and which serve
for retaining the cathode side (i.e., back surface side in
the figure) of the polyelectrolyte membrane 1a. The first
retaining portions 11 and the second retaining portions
12 are formed so that retaining positions of the polyelec-
trolyte membrane 1a by the first retaining portions 11 and
retaining positions of the polyelectrolyte membrane 1a
by the second retaining portions 12 are alternately placed
along the peripheral edge portion 1d of the polyelectrolyte
membrane 1a. That is, on the cathode side in the inner
edge of the frame body main part 3 is formed a protruding-
and-recessed structure in which the first retaining por-
tions 11 that are generally rectangular-shaped protruding
portions are formed at a constant interval pitch as an
example so as to continuously range along the inner
edge. Similarly, on the anode side in the inner edge of
the frame body main part 3 is formed a protruding-and-
recessed structure in which the second retaining portions
12 that are generally rectangular-shaped protruding por-
tions are formed at the same interval pitch as the above-
described constant interval pitch as an example so as to
continuously range along the inner edge. The protruding-
and-recessed structure by the first retaining portions 11
and the protruding-and-recessed structure by the second
retaining portions 12 are placed so that their protrusions
and recesses are alternately positioned between anode
and cathode side. That is, positions at which first re-
cessed portions 11a between neighboring first retaining
portions 11 are formed and positions at which the second
retaining portions 12 are formed are so placed as to be
opposed to each other with the peripheral edge portion
1d of the polyelectrolyte membrane 1a interposed ther-
ebetween. Similarly, positions at which second recessed
portions 12a between neighboring second retaining por-
tions 12 are formed and positions at which the first re-
taining portions 11 are formed are so placed as to be
opposed to each other with the peripheral edge portion
1d of the polyelectrolyte membrane 1a interposed ther-
ebetween. In addition, the end portion of the peripheral
edge portion 1d of the polyelectrolyte membrane 1a is
held placed between the individual first retaining portions
11 and the individual second retaining portions 12 so as
to be in contact with the inner edge of the frame body
main part 3.
[0037] Next, Fig. 4 shows a partial schematic perspec-
tive view of a state of the electrode-membrane-frame as-
sembly 10 having such a structure as described above
in which elastic members for suppressing occurrence of
the crossleak phenomenon are further included therein.
[0038] As shown in Fig. 4, on the polyelectrolyte mem-
brane 1a in the first recessed portions 11a of the frame
body 2, anode-side elastic members (front-surface side
elastic members) 13 formed from elastic material are
placed so as to fill inner spaces of the first recessed por-
tions 11a, respectively. Also, on the polyelectrolyte mem-
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brane 1a in the second recessed portions 12a, cathode-
side elastic members (back-surface side elastic mem-
bers) 14 formed from elastic material are placed, respec-
tively, so as to fill inner spaces of the second recessed
portions 12a (see Fig. 5A). The individual anode-side
elastic members 13 are placed so as to fill the inner spac-
es of the first recessed portions 11a and moreover extend
toward the center of the frame body on the polyelectrolyte
membrane 1a and to cover an outer-edge end face of
the anode electrode 1b. Although not shown in Fig. 4,
the individual cathode-side elastic members 14 are
placed so as to fill the inner spaces of the second re-
cessed portions 12a and moreover extend toward the
center of the frame body on the polyelectrolyte mem-
brane 1a and to cover an outer-edge end face of the
cathode electrode 1c. Further, the anode-side elastic
members 13 are formed each into a generally rectangu-
lar-parallelopiped shape with their flat top surfaces up-
heaved upper than the top surfaces of the first retaining
portions 11. Similarly, the cathode-side elastic members
14 are also formed so that their top surfaces (bottom
surfaces in Fig. 4) are upheaved over the second retain-
ing portions 12.
[0039] In this connection, Fig. 5A shows a sectional
view of the electrode-membrane-frame assembly 10 tak-
en along the line A-A of Fig. 4. As shown in Fig. 5A, the
first retaining portions 11 and the second retaining por-
tions 12 are alternately arrayed with the polyelectrolyte
membrane 1a interposed therebetween, and similarly the
anode-side elastic members 13 and the cathode-side
elastic members 14 are alternately arrayed with the pol-
yelectrolyte membrane 1a interposed therebetween.
Further, as shown in Fig. 5A, one cathode-side elastic
member 14 placed opposite to the first retaining portion
11 and one anode-side elastic member 13 placed oppo-
site to the second retaining portion 12 adjacent to the
one cathode-side elastic member 14 have an overlap
region R in part of their placement regions on the polye-
lectrolyte membrane 1a. That is, the elastic members 13
and the elastic members 14 are placed on the front-and-
back surfaces of the polyelectrolyte membrane 1a so that
placement regions of the elastic members 13, 14 partly
overlap with each other along the peripheral edge portion
1d of the polyelectrolyte membrane 1a.
[0040] This first embodiment is described on a case
where overlap regions R are generated in part of the
placement regions of the anode-side elastic members 13
and the cathode-side elastic members 14, as shown in
Fig. 5A. However, this embodiment is not limited to such
a case only. Instead, for example as shown in the sche-
matic sectional view of Fig. 5B, it is also possible that
end-portion positions of the anode-side elastic members
13 and end-portion positions of the cathode-side elastic
members 14 are placed coincident with each other with-
out the overlap regions R in the placement regions of the
elastic members 13, 14.
[0041] With such a placement of the elastic members
13, 14 adopted, communications between the front-and-

back surfaces of the polyelectrolyte membrane 1a in the
peripheral edge portion 1d of the polyelectrolyte mem-
brane 1a can be sealed from each other along the pe-
ripheral edge portion 1d of the polyelectrolyte membrane
1a by the elastic members 13 to 14 at either one side of
the front-and-back surfaces, so that the occurrence of
the crossleak phenomenon can be suppressed effective-
ly. In particular, by the formation of the overlap regions
R in the placement regions of the elastic members 13,
14 as shown in Fig. 5A, even if positional shifts in the
placement positions of the elastic members 13, 14 are
generated during the manufacture process, the position-
al shifts can be absorbed by the overlap regions R so
that occurrence of non-sealed places due to effects of
the positional shifts can be prevented and a more reliable
sealing can be achieved.
[0042] The material of the frame body 2, i.e., the frame
body main part 3, the first retaining portions 11 and the
second retaining portions 12 is specifically exemplified
by R-250G or 350G made by Prime Polymer Co., Ltd.,
and the material of the separators is specifically exem-
plified by resin-impregnated graphite plate (Glassy Car-
bon made by Tokai Carbon Co., Ltd.) with outer dimen-
sions of 120 mm � 120 mm and a thickness of 3.0 mm.
[0043] Next, a method for forming the electrode-mem-
brane-frame assembly 10 having such a constitution as
described above by injection molding is described with
reference to schematic explanatory views shown in Figs.
6A to 6E.
[0044] First, as shown in Fig. 6A, an upper mold (first
mold) 50 and a lower mold (second mold) 60 for setting
the MEA 15 therebetween is prepared. On top of the low-
er mold 60, on which the MEA 15 is to be set, a lower
flow-passage forming surface 61 which is a protruding-
and-recessed portion for forming a specified flow pas-
sage to make the frame body 2 is formed. Further includ-
ed in the lower mold 60 is a rod-like thrust member 62
for separating the MEA 15 together with molded resin
from the lower flow-passage forming surface 61. On the
upper mold 50, the lower surface of which covers the
upper surface of the MEA 15, an upper flow-passage
forming surface 51 which is a protruding-and-recessed
portion for forming a specified flow passage to make the
frame body 2 is formed. In addition, a plurality of second
support portions 61a (part of the lower mold 60) for sup-
porting the peripheral edge portion 1d of the MEA 15 from
its lower side are formed in the lower flow-passage form-
ing surface 61, while a plurality of first support portions
51a (part of the upper mold 50) for supporting the periph-
eral edge portion 1d of the MEA 15 pressingly from its
upper side are formed in the upper flow-passage forming
surface 51. The individual first support portions 51a cor-
respond to portions to form the first recessed portions
11a in the frame body 2 to be formed by subsequent
injection molding, while the individual second support
portions 61a correspond to portions to form the second
recessed portions 12a. That is, the first support portions
51a and the second support portions 61a are so formed
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that their formation positions are alternately placed. Fur-
ther on the upper flow-passage forming surface 51 are
formed a plurality of gates 52 which are resin injection
ports, and the individual gates 52 are communicated with
a resin introducing portion 53 which is a recessed portion
formed on the top surface of the upper mold 50. In the
upper mold 50, a mold clamping member 54 for clamping
the upper mold 50 and the lower mold 60 in their posi-
tioned state is also included.
[0045] Next, as shown in Fig. 6B, the MEA 15 is mount-
ed on the lower flow-passage forming surface 61 of the
lower mold 60 so that the peripheral edge portion 1d of
the MEA 15 is supported by the individual second support
portions 61a. Thereafter, as shown in Fig. 6C, by the
mold clamping member 54, the upper mold 50 is clamped
to the lower mold 60 with the MEA 15 mounted thereon.
In this clamped state, the peripheral edge portion 1d of
the MEA 15 is supported and retained from its front and
back surfaces by the first support portions 51a and the
second support portions 61a. Further formed around the
MEA 15 are a third resin passage (frame-shaped flow
passage) P3 which forms the frame body main part 3, a
first resin passage (first passage) P1 which is communi-
cated with an inner edge of the third resin passage P3
and which is formed against the first support portions 51a
so as to adjoin the surface of the peripheral edge portion
1d, and a second resin passage P2 which is communi-
cated with an inner edge of the third resin passage P3
and which is formed against the second support portions
61a so as to adjoin the back surface of the peripheral
edge portion 1d. In addition, the first resin passage P1
is portions of the frame body 2 corresponding to the first
retaining portions 11, and the second resin passage P2
is portions of the frame body 2 corresponding to the sec-
ond retaining portions 12.
[0046] Next, as shown in Fig. 6D, the resin material P
is injected into the mold. More specifically, the resin ma-
terial P injected into the resin introducing portion 53 of
the upper mold 50 is injected into the third resin passage
P3 through the individual gates 52 so as to be filled into
the third resin passage P3. The resin material P injected
into the third resin passage P3 is let to further flow into
the communicated first resin passage P1 and second
resin passage P2 so as to be filled therein. In this injection
molding, the resin material P is injected into the first to
third resin passages P1, P2, P3 in a high-temperature,
high-pressure state. However, since the peripheral edge
portion 1d of the polyelectrolyte membrane 1a is held
and fixed in the resin passages from its front-and-back
surface sides by the first support portions 51a and the
second support portions 61a, the peripheral edge portion
1d of the polyelectrolyte membrane 1a can securely be
prevented from being floated up or peeled up.
[0047] When the resin material P is completely filled
into the individual resin passages P1 to P3, the resin is
subjected to solidifying. Thereafter, as shown in Fig. 6E,
the clamping of the upper mold 50 and the lower mold
60 is released, so that the MEA 15 in which the frame

body 2 has been formed at positions corresponding to
the resin passages is separated from the lower mold 60
by the thrust member 62. Thus, the injection molding is
completed.
[0048] As a result of fulfillment of the injection molding,
the frame body 2 in which the peripheral edge portion 1d
of the polyelectrolyte membrane 1a is retained from its
front-and-back surfaces by the first retaining portions 11
and the second retaining portions 12 is formed as shown
in Fig. 3.
[0049] Next, in the electrode-membrane-frame as-
sembly 10 formed as shown above, the elastic members
13, 14 are formed by injection molding. More specifically,
as shown in Fig. 7A, an upper mold 70 and a lower mold
(second mold) 80 for setting the electrode-membrane-
frame assembly 10 therebetween is prepared. On top of
the lower mold 80, on which the electrode-membrane-
frame assembly 10 is to be set, a lower flow-passage
forming surface 81 which is a protruding-and-recessed
portion for forming a specified flow passage (fifth resin
passage P5) to make the cathode-side elastic members
14 is formed. Further included in the lower mold 80 is a
rod-like thrust member 82 for separating the molded resin
from the lower flow-passage forming surface 81. On the
upper mold 70, the lower surface of which covers the
upper surface of the electrode-membrane-frame assem-
bly 10, an upper flow-passage forming surface 71 which
is a protruding-and-recessed portion for forming a spec-
ified flow passage (fourth resin passage P4) to make the
anode-side elastic members 13 is formed. More specif-
ically, the fourth resin passage P4 is formed at portions
corresponding to the first recessed portions 11a, while
the fifth resin passage P5 is formed at portions corre-
sponding to the second recessed portions 12a. Further
on the upper flow-passage forming surface 71 are formed
a plurality of gates 72 which are resin injection ports, and
the individual gates 72 are communicated with a resin
introducing portion 73 which is a recessed portion formed
on the top surface of the upper mold 70. In the upper
mold 70, a mold clamping member 84 for clamping the
upper mold 70 and the lower mold 80 in their positioned
state is also included.
[0050] Next, as shown in Fig. 7B, the electrode-mem-
brane-frame assembly 10 is mounted on the lower flow-
passage forming surface 81 of the lower mold 80. There-
after, as shown in Fig. 7C, by a mold clamping member
74, the upper mold 70 is clamped to the lower mold 80
with the electrode-membrane-frame assembly 10 mount-
ed thereon. In this clamped state, the fourth resin pas-
sage P4 is formed at positions corresponding to the in-
dividual first recessed portions 11a, and the fifth resin
passage P5 is formed at positions corresponding to the
individual second recessed portions 12a. In addition, as
shown in Fig. 7C, through holes 3a are formed in the
frame body main part 3 so that the fourth resin passage
P4 and the fifth resin passage P5 are communicated with
each other by the through holes 3a.
[0051] Next, as shown in Fig. 7D, a resin material P’
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for forming the elastic members is injected into the mold.
More specifically, the resin material P’ injected into the
resin introducing portion 73 of the upper mold 70 is in-
jected into the fourth resin passage P4 through the indi-
vidual gates 72 so as to be filled into the fourth resin
passage P4. The resin material P’ injected into the fourth
resin passage P4 is let to further flow into the fifth resin
passage P5 communicated with the fourth resin passage
P4 via the through holes 3a the through holes 3a so as
to be filled therein.
[0052] When the resin material P’ is completely filled
into the individual resin passages P4 and P5, the resin
is subjected to curing. Thereafter, as shown in Fig. 7E,
the clamping of the upper mold 70 and the lower mold
80 is released, so that the electrode-membrane-frame
assembly 10 in which the elastic members 13, 14 have
been formed at positions corresponding to the resin pas-
sages is separated from the lower mold 80 by the thrust
member 82. Thus, the injection molding is completed.
[0053] As a result of fulfillment of the injection molding,
the electrode-membrane-frame assembly 10 in which the
anode-side elastic members 13 and the cathode-side
elastic members 14 have been formed is formed as
shown in Fig. 4.
[0054] With the use of the electrode-membrane-frame
assembly 10 manufactured as described above, the fol-
lowing various advantageous effects can be obtained.
[0055] First, by the adoption of the structure that the
peripheral edge portion 1d of the polyelectrolyte mem-
brane 1a is retained between the first retaining portions
11 and the second retaining portions 12 alternately pro-
truded from the inner edge of the frame body main part
3 as shown in Fig. 3, it becomes possible in the manu-
facture process by injection molding to carry out the in-
jection of the resin material P in the state that the periph-
eral edge portion 1d of the MEA 15 is securely retained
and fixed by the first support portions 51a, which are por-
tions of the mold corresponding to the first recessed por-
tions 11a between neighboring first retaining portions 11,
and the second support portions 61a, which are portions
of the mold corresponding to the second recessed por-
tions 12a between neighboring second retaining portions
12, during the manufacture by injection molding. Accord-
ingly, during the injection molding process, the polyelec-
trolyte membrane 1a can securely be prevented from be-
ing floated up or peeled up due to the injection of high-
temperature, high-pressure resin material, so that its
yield rate can be improved.
[0056] Also, the frame body 2 that retains the MEA 15
can be manufactured by a one-time injection molding
process, and the electrode-membrane-frame assembly
10 having the elastic members 13, 14 can be manufac-
tured by subsequently performing another one-time in-
jection molding process for forming the elastic members
13, 14. Accordingly, the productivity of the manufacturing
process of the electrode-membrane-frame assembly can
be enhanced.
[0057] Also, by the placement that the anode-side

elastic members 13 and the cathode-side elastic mem-
bers 14 are alternately positioned along the peripheral
edge portion 1d in the front-and-back surfaces of the pol-
yelectrolyte membrane 1a so as to fill the first recessed
portions 11a and the second recessed portions 12a in
the electrode-membrane-frame assembly 10 as shown
in Fig. 4, the front-and-back surfaces of the polyelectro-
lyte membrane 1a can securely be sealed from being
communicated with each other, so that the occurrence
of the crossleak phenomenon can be suppressed. In par-
ticular, by the presence of the overlap regions R between
the placement regions of the anode-side elastic members
13 and the placement regions of the cathode-side elastic
members 14 as shown in the schematic sectional view
of Fig. 5A, a more reliable sealing can be achieved.
[0058] When such elastic members 13, 14 are placed
in a portion indicated by S1 in Fig. 4 so as to fill inner
spaces of the first recessed portions 11a and the second
recessed portions 12a, the effect for sealing the commu-
nications between the front-and-back surfaces of the pol-
yelectrolyte membrane 1a can be obtained, so that the
occurrence of the crossleak phenomenon can be sup-
pressed effectively. Accordingly, the placement structure
of the elastic members 13, 14 in this first embodiment is
not limited to the mode shown in Fig. 4, and it is also
allowable to adopt, for example, a placement structure
that the anode-side elastic members 13 and the cathode-
side elastic members 14 are placed so as to fill the portion
indicated by S1 in Fig. 4, i.e., the inner spaces of the first
recessed portions 11a and the second recessed portions
12a.
[0059] Meanwhile, in the placement structure of the
elastic members 13, 14 of the first embodiment shown
in Fig. 4, the elastic members 13, 14 are placed so as to
extend from the inner edge of the frame body main part
3 to positions where end portions of the anode electrode
1b and the cathode electrode 1c are covered. That is,
the elastic members 13, 14 are placed in portions indi-
cated by S1 and S2 in Fig. 4. By adopting such a place-
ment structure, spaces which are present between the
inner edge of the frame body 2 and outer-edge end por-
tions of the anode electrode 1b and the cathode electrode
1c and which extend along a direction D in the figure can
be isolated and sealed by the elastic members 13, 14,
respectively. Accordingly, the fuel gas can be prevented
from shortcutting the spaces in the direction D of the fig-
ure without making contact with the surface of the anode
electrode 1b, and the oxidizer gas can be prevented from
shortcutting the spaces in the direction D of the figure
without making contact with the surface of the cathode
electrode 1c. Thus, the power generating efficiency of
the fuel cell can be improved. Moreover, by the placement
of the elastic members 13, 14 that are placed so as to
extend up to the inner edge of the frame body main part
3, it becomes possible to keep the elastic members 13,
14 in contact with the outer-edge end of the polyelectro-
lyte membrane 1a with reliability, so that the occurrence
of the crossleak phenomenon can be suppressed effec-
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tively as described above.
[0060] According to the electrode-membrane-frame
assembly 10 of this first embodiment, a sealing for sup-
pressing the crossleak phenomenon due to the elastic
members 13, 14 is provided in the portion S1. Therefore,
spaces between the inner edge of the frame body 2 and
the end portions of the anode electrode 1b and the cath-
ode electrode 1c, i.e., the portion S2 in Fig. 4 can be
suppressed to a minimum size within a range determined
in consideration of manufacturing dimensional errors of
the frame body 2 and the electrodes 1b, 1c or the like.
That is, the inner edge of the frame body 2 and the end
portions of the electrodes 1b, 1c can be reduced in their
mutual distance so as to be closer to each other. Accord-
ingly, in the electrode-membrane-frame assembly 10, ar-
eas occupied by the electrodes 1b, 1c can be ensured
efficiently, making it possible to achieve a more compact
fuel cell while improving its power generating efficiency.
[0061] The electrode-membrane-frame assembly 10
of the first embodiment adopts a placement structure
that, as shown in Fig. 4, the individual anode-side elastic
members 13 are placed independently of one another
while the individual cathode-side elastic members 14 are
placed independently of one another. However, the first
embodiment is not limited to such a placement structure
only. Instead, for example, as in the case of an elastic
member 90 according to a modification shown in the
schematic perspective view of Fig. 8, it is also allowable
to adopt a placement structure that the individual anode-
side elastic members 13 are integrally formed so as to
be coupled to one another at the inner edge of the frame
body 2. In such an elastic member 90, since the whole
spaces between the inner edge of the frame body 2 and
the end portions of the electrodes 1b, 1c can be filled
with the elastic member, the effect for suppressing the
shortcutting of the fuel gas or the like can be further en-
hanced.

(Second Embodiment)

[0062] Next, a structure of an electrode-membrane-
frame assembly 210 according to a second embodiment
of the invention will be described below with reference
to schematic perspective views shown in Figs. 9 and 10.
In the electrode-membrane-frame assembly 210 of this
second embodiment, like component members in con-
junction with the electrode-membrane-frame assembly
10 of the first embodiment are designated by like refer-
ence signs and their description is omitted.
[0063] As shown in Fig. 9, the electrode-membrane-
frame assembly 210 of the second embodiment has gen-
erally trapezoidal-shaped first retaining portions 211 and
second retaining portions 212 in a frame body 202, struc-
turally differing in this point from the first embodiment.
[0064] More specifically, as shown in Fig. 9, each of
the first retaining portions 211 is formed shorter on its
projective end side (upper end side) and trapezoidal in
right-and-left symmetry, while the second retaining por-

tions 212 are formed identical in configuration to the first
retaining portions 211. The first retaining portions 211
and the second retaining portions 212 are arrayed at a
uniform interval pitch so that the first retaining portions
211 and the second retaining portions 212 are alternately
positioned with each other. Between neighboring first re-
taining portions 211 are formed first recessed portions
211a each having an inverted-trapezoidal shape in com-
parison to the first retaining portions 211. Similarly, sec-
ond recessed portions 212a each having an inverted-
trapezoidal shape are also placed between neighboring
second retaining portions 212.
[0065] Further, as shown in Fig. 10, anode-side elastic
members 213 and cathode-side elastic members 214 are
placed so as to fill inner spaces of the first recessed por-
tions 211a and the second recessed portions 212a, re-
spectively. In addition, the anode-side elastic members
213 and the cathode-side elastic members 214 are inte-
grally formed so as to be coupled to one another, respec-
tively.
[0066] With such a structure of the electrode-mem-
brane-frame assembly 210 of this second embodiment,
as shown in Fig. 9, oblique-side end portions 211b of the
trapezoids of the first retaining portions 211 and oblique-
side end portions 212b of the trapezoids of the second
retaining portions 212 are inevitably crossed with each
other as viewed from their thicknesswise direction.
Therefore, between placement regions of the anode-side
elastic members 213 that are placed so as to fill the first
recessed portions 211a and placement regions of the
cathode-side elastic members 214 that are placed so as
to fill the second recessed portions 212a, overlap regions
R caused by the crossing of the oblique sides of the trap-
ezoids are securely formed. Accordingly, a reliable seal-
ing along the peripheral edge portion 1d of the polyelec-
trolyte membrane 1a can be fulfilled by the respective
elastic members 213, 214, so that the crossleak-phe-
nomenon suppressing effect can be fulfilled with reliabil-
ity. In particular, with the use of such a method that en-
sures the overlap regions R by the trapezoidal-shaped
structure, there is an advantage that the overlap regions
R can reliably be formed even if positional shifts may be
involved more or less in manufacturing dimensions of the
frame body 202 due to manufacturing errors or the like.
[0067] As a dimensional example of such a trapezoi-
dal-shaped structure, as shown in Fig. 11, a shorter-side
width W of the retaining portions 211 and 212 is prefer-
ably set to within a range of 1 mm to 15 mm in terms of
practical use. The reason of this is that too smaller widths
W would lead to occurrence of filling failures of resin ma-
terial in molded products and to cost increases in mold
machining. Conversely, too larger widths W would result
in a lowered pressing effect, i.e. lowered sealing effect,
for the polyelectrolyte membrane 1a by the elastic mem-
bers 213, 214.
[0068] Also, a depth L of the retaining portions 211 and
212 is preferably set to within a range of 1 mm to 8 mm
in terms of practical use. The reason of this is that too
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smaller depths L would result in a lowered pressing effect
for the polyelectrolyte membrane 1a, while too larger
depths L would lead to increases in useless areas in the
peripheral edge portion 1d of the polyelectrolyte mem-
brane 1a.
[0069] The foregoing individual embodiments have
been described on a case where the planar configuration
of the first retaining portions and the second retaining
portions is a rectangular or trapezoidal shape. However,
other various configurations are also adoptable. For in-
stance, it is also allowable that as shown in the schematic
view of Fig. 12, first retaining portions 311 and second
retaining portions 312 are formed as roughly circular-
shaped protruding portions, while elastic members 313
placed so as to fill between those retaining portions are
engaged with the first retaining portions 311 in a direction
extending along the surface of the polyelectrolyte mem-
brane 1a. It is yet also allowable that as shown in the
schematic view of Fig. 13, first retaining portions 411 and
second retaining portions 412 are formed as generally
triangular-shaped protruding portions, by which effects
generally similar to those by the trapezoidal shape of the
second embodiment can also be obtained. As the planar
shape of the retaining portions, other various shapes
such as semicircular and polygonal shapes may be
adopted.

(Third Embodiment)

[0070] Next, a structure of an electrode-membrane-
frame assembly 510 according to a third embodiment of
the invention is described below with reference to sche-
matic perspective views shown in Figs. 17 and 18. In the
electrode-membrane-frame assembly 510 of this third
embodiment, like component members in conjunction
with the electrode-membrane-frame assembly 10 of the
first embodiment are designated by like reference signs
and their description is omitted.
[0071] As shown in Fig. 17, the electrode-membrane-
frame assembly 510 of the third embodiment has gener-
ally T-shaped-in-plan-view, so-called hammer head-
shaped first retaining portions 511 and second retaining
portions 512 in a frame body 502, structurally differing in
this point from the first and second embodiments.
[0072] More specifically, as shown in Fig. 17, each of
the first retaining portions 511 has a right-and-left sym-
metrical configuration composed of: a projective end por-
tion 551 which is formed as a projective end portion pro-
jecting toward the center of the frame body 502 and which
is further formed into a generally rectangular-parallelo-
piped shape whose longitudinal direction is along the pe-
ripheral edge portion 1d of the polyelectrolyte membrane
1a; and a coupling portion 552 which has a width W2
smaller than a width W1 of the projective end portion 551
in the direction along the peripheral edge portion 1d of
the polyelectrolyte membrane 1a and which couples the
projective end portion 551 to a frame body main part 503.
Also, the second retaining portions 512 are formed iden-

tical in configuration to the first retaining portions 511.
The first retaining portions 511 and the second retaining
portions 512 are arrayed at a uniform interval pitch so
that the first retaining portions 511 and the second re-
taining portions 512 are alternately positioned with each
other.
[0073] As shown in Fig. 17, between neighboring first
retaining portions 511 are placed first recessed portions
511a each having a roughly inverted-T shape in compar-
ison to the first retaining portions 511. Similarly, second
recessed portions 512a each having an inverted-T shape
are also placed between neighboring second retaining
portions 512.
[0074] Further, as shown in Fig. 18, anode-side elastic
members 513 and cathode-side elastic members 514 are
placed so as to fill inner spaces of the first recessed por-
tions 511a and the second recessed portions 512a, re-
spectively. In addition, the anode-side elastic members
513 and the cathode-side elastic members 514 are inte-
grally formed so as to be coupled to one another, respec-
tively.
[0075] In this connection, Fig. 19A shows a sectional
view of the electrode-membrane-frame assembly 510
taken along the line B-B of Fig. 18, and Fig. 19B shows
a sectional view taken along the line C-C. That is, Fig.
19A shows a cross section corresponding to formation
positions of the projective end portions 551 of the first
retaining portions 511, and Fig. 19B shows a cross sec-
tion corresponding to formation positions of the coupling
portions 552 of the first retaining portions 511.
[0076] As shown in Figs. 19A and 19B, the width (pro-
jective-end side width) W1 of the projective end portions
551 of the first retaining portions 511 is larger than the
width (frame-body-main-part side width) W2 of the cou-
pling portions 552. This relationship of width applies also
between projective end portions 561 and coupling por-
tions 562 of the second retaining portions 512. Also, as
shown in Fig. 19A, end portions of the projective end
portions 551 of the first retaining portions 511 and end
portions of the projective end portions 561 of the second
retaining portions 512 are placed so as to be generally
coincident with each other, respectively, with their pro-
jective end portions 551 and projective end portions 561
alternately positioned with each other. Further, as shown
in Fig. 19B, the anode-side elastic members 513 placed
within the first recessed portions 511a, which are posi-
tioned between the individual coupling portions 552 of
the first retaining portions 511, and the cathode-side elas-
tic members 514 placed within the second recessed por-
tions 512a, which are positioned between the individual
coupling portions 562 of the second retaining portions
512, have their mutual overlap regions R.
[0077] With such a placement structure adopted, larg-
er areas for placement of the elastic members 513, 514
near outer-end edges in the peripheral edge portion 1d
of the polyelectrolyte membrane 1a can be ensured. Ac-
cordingly, the effect for sealing the communications be-
tween the front-and-back surfaces of the polyelectrolyte
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membrane 1a can be enhanced, so that the occurrence
of the crossleak phenomenon can be suppressed effec-
tively.
[0078] Also, in the manufacturing process of the elec-
trode-membrane-frame assembly 510, lager areas for
pressing and retaining the peripheral edge portion 1d of
the polyelectrolyte membrane 1a by the mold can be en-
sured during the molding of the frame body 502. Accord-
ingly, the peripheral edge portion 1d of the polyelectrolyte
membrane 1a can more securely be prevented from be-
ing floated up or peeled up during the molding of the
frame body 502. From such a viewpoint, the structure of
this third embodiment is effective particularly for cases
in which the polyelectrolyte membrane 1a has low-
strength specifications.
[0079] Furthermore, as shown in Fig. 18, in the struc-
ture of the third embodiment, a space S is provided be-
tween the outer end face of the peripheral edge portion
1d of the polyelectrolyte membrane 1a and the inner edge
of the frame body main part 503. This space S is set to,
for example, about 0.4 mm. By providing the space S like
this, the outer end face of the peripheral edge portion 1d
of the polyelectrolyte membrane 1a can be prevented
from making contact with the high-temperature flowing
resin during the molding of the frame body 502. Since
the outer end face portion of the polyelectrolyte mem-
brane 1a, in particular, is more liable to damage under
high-temperature or high-pressure environments, the ef-
fect for suppressing deformation of the polyelectrolyte
membrane 1a due to its being floated up or peeled up
during the molding of the frame body 502 can be en-
hanced. Besides, such an arrangement with the space
S provided is not limited to the third embodiment only,
but also applicable to the structures of the foregoing in-
dividual embodiments.
[0080] In addition, in the structure of the electrode-
membrane-frame assembly 510 of the third embodiment,
the width W1 of each projective end portion 551 of the
first retaining portions 511 and each projective end por-
tion 561 of the second retaining portions 512 is preferably
set to, for example, within a range of 1 mm to 15 mm.
The reason of this is that too smaller widths W1 would
lead to filling failures of resin material in molded products
as well as to cost increases in mold machining. Con-
versely, too larger widths W1 would result in a lowered
pressing effect, i.e. lowered sealing effect, for the poly-
electrolyte membrane 1a by the elastic members 513,
514.
[0081] Also, a depth D of the retaining portions 511,
512 is preferably set to within a range of 1 mm to 8 mm
in terms of practical use. The reason of this is that too
smaller depths D1 would result in a lowered pressing
effect for the polyelectrolyte membrane 1a, while too larg-
er depths D1 would lead to increases in useless areas
in the peripheral edge portion 1d of the polyelectrolyte
membrane 1a.
[0082] Further, the width W2 of each coupling portion
552 of the first retaining portions 511 and each coupling

portion 562 of the second retaining portions 512 is pref-
erably set to, for example, within a range of 1 mm to 10
mm. The reason of this is that too larger widths W2 would
result in a lowered pressing effect, i.e. lowered sealing
effect, for the polyelectrolyte membrane 1a by the elastic
members 513, 514. Conversely, too smaller widths W2
might lead to filling failures of resin material in molded
products.
[0083] Furthermore, a width W3 of each projective end
portion 551 of the first retaining portions 511 and each
projective end portion 561 of the second retaining por-
tions 512 in a direction along inner and outer edges of
the frame body 502 is preferably set to, for example, with-
in a range of 1 mm to 5 mm. The reason of this is that
too larger widths W3 would result in a lowered pressing
effect, i.e. lowered sealing effect, for the polyelectrolyte
membrane 1a by the elastic members 513, 514. Con-
versely, too smaller widths W3 might lead to filling failures
of resin material in molded products.
[0084] This third embodiment has been described, as
an example, about the electrode-membrane-frame as-
sembly 510 including the retaining portions 511 and 512
each of which is formed into such a generally T shape
that its inner-edge side width is larger than its outer-edge
side width in the direction along the inner and outer edges
of the frame body 502 (i.e., a direction perpendicular to
the peripheral edge portion 1d of the polyelectrolyte
membrane 1a). However, the structure of the third em-
bodiment is not limited to such a structure only.
[0085] Instead of such a case, for instance, a structure
having generally trapezoidal-shaped retaining portions,
in each of which its longer side is placed closer to the
center of the frame body, such as in an electrode-mem-
brane-frame assembly 610 shown in Figs. 20 and 21,
may also be adopted.
[0086] More specifically, as shown in Fig. 20, first re-
taining portions 611 are each formed into a right-and-left
symmetrical trapezoidal shape which is longer in its pro-
jective end side, while second retaining portions 612 are
also each formed into the same shape as the first retain-
ing portions 611. The first retaining portions 611 and the
second retaining portions 612 are arrayed at a uniform
interval pitch so that the first retaining portions 611 and
the second retaining portions 612 are alternately posi-
tioned with each other. Between neighboring first retain-
ing portions 611 are placed first recessed portions 611a
each having an inverted-trapezoidal shape in compari-
son to the first retaining portions 611. Similarly, second
recessed portions 612a each having an inverted-trape-
zoidal shape are also placed between neighboring sec-
ond retaining portions 612.
[0087] Further, as shown in Fig. 20, anode-side elastic
members 613 and cathode-side elastic members 614 are
placed so as to fill inner spaces of the first recessed por-
tions 611a and the second recessed portions 612a, re-
spectively. In addition, the anode-side elastic members
613 and the cathode-side elastic members 614 are inte-
grally formed so as to be coupled to one another, respec-
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tively.
[0088] With such a structure of the electrode-mem-
brane-frame assembly 610 according to the modification
of the third embodiment, effects generally similar to those
of the electrode-membrane-frame assembly 510 as de-
scribed above can be obtained. The structure of the elec-
trode-membrane-frame assembly 610 according to the
modification is slightly superior to the electrode-mem-
brane-frame assembly 510 in terms of the fluidity of resin
to the retaining portions 611 and 612, but the electrode-
membrane-frame assembly 510 is better in terms of mold
machinability. Thus, which structure to adopt is prefera-
bly determined by taking into consideration specifications
of the resin material to be used, mold machinability and
the like.
[0089] It is also allowable to adopt a structure that a
sloped surface is provided at each end portion of the
retaining portions in the thicknesswise direction of the
frame body in the foregoing individual embodiments. De-
pending on the direction of the sloped surface, fittability
between the retaining portions and the elastic members
in the thicknesswise direction can be improved.
[0090] Also, the foregoing individual embodiments
have been described on cases where the first retaining
portions are placed at a constant interval pitch and the
second retaining portions are also placed at a constant
interval pitch. However, the placement intervals may also
be inconstant. Even in such cases, it is preferable that
the second retaining portions be placed so as to be al-
ternately positioned with the first retaining portions to
such an extent that the overlap regions R are formed
between the placement regions of the anode-side elastic
members and the placement regions of the cathode-side
elastic members.
[0091] It is to be noted that, by properly combining the
arbitrary embodiments of the aforementioned various
embodiments, the effects possessed by them can be pro-
duced.
[0092] Although the present invention has been fully
described in connection with the preferred embodiments
thereof with reference to the accompanying drawings, it
is to be noted that various changes and modifications are
apparent to those skilled in the art. Such changes and
modifications are to be understood as included within the
scope of the present invention as defined by the append-
ed claims unless they depart therefrom.
[0093] The entire disclosure of Japanese Patent Ap-
plication No. 2007-266566 filed on October 12, 2007, in-
cluding specification, claims, and drawings are incorpo-
rated herein by reference in its entirety.

Claims

1. An electrode-membrane-frame assembly for polye-
lectrolyte fuel cells, comprising:

a membrane-electrode assembly having a pol-

yelectrolyte membrane and a pair of electrode
layers placed on portions of both-side surfaces
of the polyelectrolyte membrane inner than a pe-
ripheral edge portion thereof;
a frame body which retains the peripheral edge
portion of the membrane-electrode assembly,
the frame body being formed from resin; and
elastic members for sealing communications
between front-and-back surfaces of the mem-
brane-electrode assembly in the peripheral
edge portion of the membrane-electrode as-
sembly, wherein
the frame body comprises:

a frame body main part placed along the
peripheral edge portion of the polyelectro-
lyte membrane;
a plurality of first retaining portions which
are formed so as to protrude from an inner
edge of the frame body main part toward a
center of the frame body and to be arrayed
along the inner edge and which serve for
retaining the front surface side of the poly-
electrolyte membrane; and
a plurality of second retaining portions
which are formed so as to protrude from the
inner edge of the frame body main part to-
ward the center of the frame body and to be
arrayed along the inner edge and which
serve for retaining the back-surface side of
the polyelectrolyte membrane, and wherein

the first retaining portions and the second retain-
ing portions are so arrayed that retaining posi-
tions of the polyelectrolyte membrane by the first
retaining portions and retaining positions of the
polyelectrolyte membrane by the second retain-
ing portions are alternately placed along the pe-
ripheral edge portion of the polyelectrolyte mem-
brane, and
the elastic members include a plurality of front-
surface side elastic members placed on the front
surface of the polyelectrolyte membrane be-
tween neighboring ones of the first retaining por-
tions, and a plurality of back-surface side elastic
members placed on the back surface of the pol-
yelectrolyte membrane between neighboring
ones of the second retaining portions.

2. The electrode-membrane-frame assembly for poly-
electrolyte fuel cells as defined in Claim 1, wherein
the front-surface side elastic members and the back-
surface side elastic members are each formed so as
to be upheaved upper than a separator-side surface
of the frame body.

3. The electrode-membrane-frame assembly for poly-
electrolyte fuel cells as defined in Claim 1, wherein
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the front-surface side elastic members and the back-
surface side elastic members are placed on the front
surface and the back surface, respectively, of the
polyelectrolyte membrane so as to extend from the
inner edge of the frame body main part to outer edges
of the electrode layers, respectively.

4. The electrode-membrane-frame assembly for poly-
electrolyte fuel cells as defined in Claim 3, wherein
neighboring ones of the front-surface side elastic
members are so formed as to be coupled to one an-
other, and neighboring ones of the back-surface side
elastic members are so formed as to be coupled to
one another.

5. The electrode-membrane-frame assembly for poly-
electrolyte fuel cells as defined in Claim 1, wherein
one of the back-surface side elastic members placed
opposite to the first retaining portions, and one of the
front-surface side elastic members placed opposite
to the second retaining portions neighboring the one
of the back-surface side elastic members, have an
overlap region in part of their respective placement
regions onto the polyelectrolyte membrane in the pe-
ripheral edge portion of the polyelectrolyte mem-
brane.

6. The electrode-membrane-frame assembly for poly-
electrolyte fuel cells as defined in Claim 1, wherein
the first retaining portions and the second retaining
portions are so formed that a width of each of the
retaining portions on its projective end side project-
ing toward the center of the frame body is larger than
a width of each of the retaining portions on its frame
body main part side.

7. The electrode-membrane-frame assembly for poly-
electrolyte fuel cells as defined in Claim 1, wherein
a space is provided between the inner edge of the
frame body main part and an end face of the periph-
eral edge portion of the polyelectrolyte membrane.

8. A polyelectrolyte fuel cell which comprises, in one
layer or a plurality of stacked layers, an electric cell
module having the electrode-membrane-frame as-
sembly as defined in any one of Claims 1 to 7, and
a pair of separators which are so placed as to sand-
wich the electrode-membrane-frame assembly.

9. A method for manufacturing an electrode-mem-
brane-frame assembly for polyelectrolyte fuel cells,
comprising:

in such an arrangement of a membrane-elec-
trode assembly in a mold for injection molding
that the membrane-electrode assembly is sup-
ported from its front surface side by a plurality
of first support portions placed along a periph-

eral edge portion of the membrane-electrode as-
sembly while the membrane-electrode assem-
bly is supported from its back surface side by a
plurality of second support portions which are
placed along the peripheral edge portion of the
membrane-electrode assembly so as to be al-
ternately positioned with the plurality of first sup-
port portions along the peripheral edge portion,
forming a frame-shaped flow passage placed in
a frame shape along the peripheral edge portion
of the membrane-electrode assembly, a first
flow passage which is communicated with the
frame-shaped flow passage and which is placed
so as to be in contact with a front surface in the
peripheral edge portion of the membrane-elec-
trode assembly between neighboring ones of
the first support portions, and a second flow pas-
sage which is communicated with the frame-
shaped flow passage and which is placed so as
to be in contact with a back surface in the pe-
ripheral edge portion of the membrane-elec-
trode assembly between neighboring ones of
the second support portions;
injecting and filling resin into the flow passages
in a state that the peripheral edge portion of the
membrane-electrode assembly is retained by
the first support portions and the second support
portions, respectively;
solidifying the filled resin thereby forming a
frame body including: a frame body main part
formed by the frame-shaped flow passage; a
plurality of first retaining portions which are ar-
rayed along an inner edge of the frame body
main part in the first flow passage so as to pro-
trude from the inner edge toward a center of the
frame body and which serve for retaining the
front-surface side of the membrane-electrode
assembly; and a plurality of second retaining
portions which are arrayed along the inner edge
of the frame body main part in the second flow
passage so as to protrude from the inner edge
toward the center of the frame body and which
serve for retaining the back-surface side of the
membrane-electrode assembly; and
forming a plurality of front-surface side elastic
members which are placed on the front surface
of the membrane-electrode assembly between
neighboring ones of the first retaining portions,
and a plurality of back-surface side elastic mem-
bers which are placed on the back surface of
the membrane-electrode assembly between
neighboring ones of the second retaining por-
tions.
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