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(57) Abréegée/Abstract:

A membrane electrode assembly with frame includes a membrane electrode assembly 2 in which an electrolyte membrane 11 Is
held between a pair of electrode layers 12, 13; and a resin frame | disposed around the membrane electrode assembly 2. The
frame 1 Includes an openlng 1A In which the membrane electrode assembly 2 Is disposed, a step 1B that Is formed along an edge
of the opening, and an inner peripheral portion 1C that Is deviated to one side of the frame due to the step 1B. The outer peripheral
portion of the membrane electrode assembly 2 Is joined to the inner peripheral portion 1C on one side opposite the deviated side.
In the frame 1, the Inner peripheral portion 1C, to which the membrane electrode assembly 2 Is joined, has a thickness
approximately equal to the thickness of the body, while the step 1B has a larger thickness. This configuration ensures the strength
against a force In the thickness direction and thereby prevents the frame 1 from being damaged.
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ABSTRACT

A membrane electrode assembly with frame includes a membrane electrode assembly 2
in which an electrolyte membrane 11 is held between a pair of electrode layers 12, 13;
and a resin frame 1 disposed around the membrane electrode assembly 2. The frame 1
includes an opening 1A in which the membrane electrode assembly 2 is disposed, a step
1B that is formed along an edge of the opening, and an inner peripheral portion 1C that
1s deviated to one side of the frame due to the step 1B. The outer peripheral portion of
the membrane electrode assembly 2 is joined to the inner peripheral portion 1C on one
side opposite the deviated side. In the frame I, the inner peripheral portion 1C, to
which the membrane electrode assembly 2 is joined, has a thickness approximately
equal to the thickness of the body, while the step 1B has a larger thickness. This

configuration ensures the strength against a force in the thickness direction and thereby

prevents the frame 1 from being damaged.
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DESCRIPTION

MEMBRANE ELECTRODE ASSEMBLY WITH FRAME, FUEL CELL SINGLE

CELL, AND FUEL CELL STACK

TECHNICAL FIELD
[0001] The present invention relatcs to a membrane electrode assembly with frame used
for polymer electrolyte fuel cells and to a fuel cell single cell and a fuel cell stack using

the membrane electrode assembly with frame.

BACKGROUND ART
[0002] One of membrane electrode assemblies of this type is described in Patent
Document 1 titled “method for producing electrolyte membrane / electrode structure

with resin frame for fuel cell”. In the electrolyte membrane / electrode structure with

resin frame of Patent Document 1, an anode electrode 1s removed in the peripheral

portion so that the electrolyte membrane is exposed. In the inner periphery of a resin

frame member, a thin inner peripheral protrusion having the same thickness as the
anode electrode and a resin protrusion that protrudes in the thickness direction on the

side facing the cathode electrode are provided. This electrolyte membrane / electrode
structure with resin frame is produced by joining the inner peripheral protrusion of the
resin frame member to the exposed electrolyte membrane by an adhesive layer, and
thereafter melting the resin protrusion by heat to impregnate it in the gas diffusion layer

of the cathode electrode so that a resin impregnated portion i1s formed in the gas
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diffusion layer.

CITATION LIST

Patent Literature

[0003] Patent Document 1: JP 2013-131417A

\

SUMMARY OF INVENTION

[0004] However, a problem with such conventional membrane electrode assemblies

10 with frame as described above (the electrolyte membrane / clectrode structure with resin
frame for fuel cell) is that since the thin inner peripheral protrusion of the frame (resin
frame member) is joined to the membrane electrode assembly (electrolyte membrane /
electrode structure), the frame is distorted in the thickness direction, for example, when
a pressure difference is caused between anode gas and cathode gas, and repetition of

(5 such distortion may cause breakage of the inner peripheral protrusion of the frame.

Accordingly, it is desirable to solve the problem.
[0005] The present invention was made in view of the above-described problem with
the prior art, and an object thereof is to provide a membrane electrode assembly with

frame that has sufficient strength against a force acting in the thickness direction and

20  thereby can prevent the frame from being damaged.

[0006] The membrane electrode assembly with frame of the present invention includes a
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membrane electrode assembly in which an electrolyte membrane is held between a pair
of electrode layers, and a resin frame disposed around the membrane electrode assembly.
The frame includes an opening in which the membrane electrode assembly is disposed,

a step that is formed along the edge of the opening and has a height corresponding to the
frame, and an inner peripheral portion that is deviated to one side of the frame due to

the step and extends into the opening. The membrane electrode assembly with frame

is configured such that the outer peripheral portion of the membrane electrode assembly

is joined to the inner peripheral portion on the side opposite the deviation. This

configuration may serve as means for addressing the problem with the prior art.

According to an aspect of the present invention there is provided a membrane electrode

assembly with frame, comprising:

a membrane electrode assembly in which an electrolyte membrane is held between a

pair of electrode layers; and

a resin frame disposed around the membrane electrode assembly,

wherein the frame comprises an opening in which the membrane electrode assembly
is disposed, a step that is formed along an edge of the opening and has a height corresponding

to a thickness of the frame, and an inner peripheral portion that is deviated to one side of the

frame due to the step and extends into the opening,

an outer peripheral portion of the membrane electrode assembly is joined to the Inner
peripheral portion on a side opposite a deviated side, and

the frame has a thickness that is greater at the step.

CA 2920772 2017-11-16
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According to another aspect of the present invention there is provided a fuel cell single cell,
comprising: the membrane electrode assembly with frame as described herein; and a pair of

separators that sandwich the membrane electrode assembly with trame.

According to a further aspect of the present invention there is provided a fuel cell stack,

comprising a stacked plurality of the fuel cell single cells as described herein.

[0007] In the membrane electrode assembly with frame of the present invention with the
above-described configuration, the frame is configured such that the inner peripheral portion,
which is joined to the membrane electrode assembly, has a thickness approximately equal to

the thickness of the body, while the step has a larger thickness.

This may ensure adequate strength against a force acting in the thickness direction, and

therefore prevents the frame from being damaged.

BRIEF DESCRIPTION OF DRAWINGS

(0008]

FIG. 1 are (A) a perspective view of a fuel cell stack according to the present invention,
(B) an exploded perspective view thereof, and (C) a perspective view of cell modules

and a sealing plate.

3a

CA 2920772 2017-11-16
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FIG. 2 is an exploded perspective view of a fuel cell single cell of the fuel cell stack of
FIG. 1.

FIG. 3 are (A) a cross sectional view of the main part of a membrane electrode
assembly with frame according to a first embodiment of the present invention, and (B)
an enlarged cross sectional view of an area around a step, and a graph illustrating the
ratio of the stress that is generated when a differential pressure is applied.

FIG. 4 are (A) a perspective view of the frame and the membrane electrode assembly
from the cathode side, and (B) a perspective view thereof from the anode side.

FIG. 5 are (A) a trihedral view of a frame according to a second embodiment, (B) a
trihedral view of a frame according to a third embodiment, and (C) a trihedral view of a

frame according to a fourth embodiment.

FIG. 6 illustrates a membrane electrode assembly with frame according to a fifth
embodiment of the present invention, in which (A) is a cross sectional view of the main
part of the membrane electrode assembly with frame, and (B) to (D) are, respectively,

cross sectional views of three examples of the joining portion.
FIG. 7 are (A) a cross sectional view of a fuel cell single cell according to a sixth

embodiment of the present invention, and (B) a cross sectional view of a fuel cell single

cell according to a seventh embodiment.

DESCRIPTION OF EMBODIMENTS

[0009] (First Embodiment)

As particularly illustrated in FIG. 1 (B) and (C), a fuel cell stack FS of FIG. 1 includes

two or more cell modules M each including an integrally stacked plurality of single
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cells C, and a sealing plate P interposed between the cell modules M.  The illustrated
single cells C and the sealing plate P have a rectangular plate shape with approximately
the same length and width. While two cell modules M and one sealing plate P are
depicted in FIG. 1 (C), more cell modules M and sealing plates P are stacked in practice.
[0010] The fuel cell stack FS further includes end plates S6A, 56B that are disposed on
the respective ends of the stacked cell modules M in the stacking direction, fastening
plates 57A, 57B that are disposed on stacked long side edges (upper and lower faces in
FIG. 1) of the single cells C, and reinforcing plates 58A, 58B that are disposed on
stacked short side edges. The fastening plates 57A, 57B and the reinforcing plates
58A, 58B have a size corresponding to the overall length 1n the stacking direction of a
stack A that 1s composed of the cell modules M and the secaling plate P. Each of them
is coupled to both of the end plates 56A, 56B by means of bolts (not shown).

[0011] As described above, the fuel cell stack FS has a case-integr'ated structure as
illustrated in FIG. 1 (A), in which the cell modules M and the sealing plate P are
restrained and pressed in the stacking direction so that a contact surtace pressure is
applied to each of the single cells C. With this configuration, the gas sealing property
and the electrical conductivity are maintained at a high level. Each of the single cells
C in the figure has an external terminal 59 for measuring the voltage at the same
position on a long side. Corresponding to the terminals, the fastening plate S7A,
which is the upper one in FIG. 1, has a slit 57S in which the external terminals 59 of the
single cells C are inserted, so that a suitable number of separate connectors (not shown)
can be connected to the external terminals 59.

[0012] As illustrated in FIG. 2, each of the single cells C includes a membrane electrode
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assembly with frame 2, and a pair of (an anode side and a cathode side) separators 3, 4
that sandwich the membrane electrode assembly 2. The membrane electrode assembly
2 has a structure, in which an electrolyte membrane is held between a pair of electrode
layers, and a resin frame | is disposed around the structure. The tframe 1 and the
separators 3, 4 have a rectangular plate shape with approximately the same length and
width. The joining of the frame 1 to the membrane electrode assembly 2 is described
in detail below.

[0013] As partly illustrated in FIG. 3 (A), the membrane electrode assembly 2, which is
generally called an MEA, includes an electrolyte membrane 11 of a solid polymer that is
held between a fuel electrode layer (anode) 12 and an air electrode layer (cathode) 13.
Although not shown in the figure, the fuel electrode 11 and the air electrode 13 each
includes a catalyst layer and a gas diffusion layer of a porous material, which are
arranged in the written order from the side facing the membrane electrode assembly 2.
When anode gas (hydrogen) and cathode gas (air) are respectively supplied to the fuel

electrode 12 and the air electrode 13, the membrane electrode assembly 2 generates

electric power as a result of electrochemical reaction.

[0014] The separators 3, 4 are metal plates in which one plate has reversed faces to
those of the other plate. For example, the separators 3, 4 are made of stainless steel

and may be formed in any suitable shape by press working. In the center part facing
the membrane electrode assembly 2, the separators 3, 4 have a corrugated transverse
cross section. The corrugation continues in the longitudinal direction as illustrated in
the figure. On the side facing the membrane electrode assembly 2, each of the

separators 3, 4 is in contact with the membrane electrode assembly 2 at the apexes of
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the corrugation so that the valleys of the corrugation define channels for the anode gas
or the cathode gas.

[0015] The frame 1 of the membrane electrode assembly 2 and each of separators 3, 4
has manifold holes H1 to H3, H4 to H6 such that three manitold holes are disposed
along the respective short side ends. The manifold holes H1 to H3, which are
illustrated to the left in FIG. | and FIG. 2, are configured to supply the cathode gas (H1),
to supply cooling fluid (H2) and to discharge the anode gas (H3). They are
communicated with corresponding holes in the stacking direction to form respective
channels. The manifold holes H4 to H6, which are illustrated to the right in FIG. 1 and
FIG. 2, are configured to supply the anode gas (H4), to discharge the cooling tfluid (HS)
and to discharge cathode gas (H6). They are communicated with corresponding holes
in the stacking direction to form respective channels. The positional relationship may
be fully or partly inversed in respect of supply and discharge.

[0016] Sealing members S are continuously disposed along the peripheral portion of the
frame 1 and the separators 3, 4 and around the manifold holes H1 to H6. The sealing
members S, which also serve as adhesive, airtightly join the frame | and the membrane
electrode assembly 2 to the separators 3, 4. The sealing members S disposed around
the manifold holes H1 to H6 maintain the airtightness of the respective manifolds, while
they have an opening at a suitable location for supplying fluid corresponding to
respective interlayers.

[0017] A predetermined number of the above-described single cells C are stacked to
form the cell module M. Between adjacent single cells C, a channel for the cooling

fluid 1s formed. Also between adjacent cell modules M, a channel for the cooling fluid
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is formed. Accordingly, the scaling plate P is disposed between the cell modules M, 1.e.
in the channel for the cooling fluid.

[0018] The sealing plate P is constituted by an electrically conducive molded single
metal plate having approximately the same rectangular shape and approximately the
same size as the single cells C in a plan view. As with the single cells C, manifold
holes H1 to H6 are formed along the short sides. On the sealing plate P, sealing
members are respectively provided around the manifold holes HI to H6, and an outer
sealing member 51 and an inner sealing member 52 are provided in parallel all over the
peripheral part. The outer sealing member 51 prevents infiltration of rain water and
the like from the outside, while the inner sealing member 52 prevents leak of the
cooling fluid that flows between the cell modules M.

[0019] As described above, the membrane electrode assembly with frame 2 includes the
resin frame 1 in the peripheral part. As illustrated in FIG. 4, the frame 1 includes a
center rectangular opening 1A, a step 1B and an inner peripheral portion 1C and further

includes a thick outer peripheral portion 1D. The opening 1A 1s the portion in which

the membrane electrode assembly 2 is disposed. The step 1B is formed along the
periphery of the opening 1A and has a height corresponding to the thickness of the
frame 1. The inner peripheral portion 1C, which continues to the step 1B, is deviated
to one side of the frame 1 due to the step 1B and extends into the opening 1A.

[0020] As illustrated in FIG. 3 (B), the step 1B has a height corresponding to the
thickness T1 of the frame 1. Accordingly, the inner peripheral portion 1C, which

continues from the step 1B, also has the same thickness T1 as the thickness of the frame

body. In the step 1B, the distance T2 from the outer corner on the deviated side (upper
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side in FIG. 3) to the inner corner on the opposite side and the distance T3 from the
inner corner on the deviated side to the outer corner on the opposite side are both
greater than the thickness T1 of the frame 1. The step may have either crank shape as
illustrated in FIG. 3 or curved shape that continuously connects the body and the mnner
peripheral portion 1C to each other as described below in 5.

[0021] Corresponding to the frame 1, the membrane electrode assembly 2 has the outer
peripheral portion in which the fuel electrode layer 12 is removed so that one side of the
electrolyte membrane 11 is exposed as illustrated in FIG. 3 (A). The part of the
electrolyte membrane 11 in the outer peripheral portion of the membrane electrode
assembly 2 is joined to the other side (lower face in FIG. 3) of the inner peripheral
portion 1C of the frame | from the deviated side. They are joined to each other by
adhesive or sticking agent, which forms a joining layer 14 between the inner peripheral
portion 1C and the electrolyte membrane 11. In this respect, in the membrane
electrode assembly with frame 2 of FIG. 3 (A), the electrode layer that is located on the
same side as the deviated side of the inner peripheral portion 1C corresponds to the fuel

clectrode layer 12.

[0022] As illustrated in FIG. 3 (A), a groove-like gap is formed between the frame 1 and
the membrane electrode assembly 2. This gap is to allow the dimensional error of the

inner peripheral portion 1C of the frame 1 and the outer peripheral portion of membrane
electrode assembly 2. However, it is not essential.  Further, the joining layer 14 1s
depicted like a frame in FIG. 4. However, in practice, it is applied on the inner

peripheral portion 1C by screen printing, application or the like.

[0023] In the membrane electrode assembly with frame 2 with the above-described
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configuration, the frame 1 is configured such that the thickness T1 at the inner
peripheral portion 1C, to which the membrane electrode assembly 2 1s joined, 1s
approximately equal to the thickness of the body, while the thickness at the step IB is
greater. This ensures sufficient strength against a force acting in the thickness
direction, and therefore prevents the frame 1 from being damaged.

[0024] The frame 1 is continuous from the body to the thick step 1B to the inner
peripheral portion 1C. This improves the moldability (resin fluidity), and the quality
can be therefore improved. Furthermore, the membrane electrode assembly with
frame 2 can be assembled only by joining the separately-molded frame 1. Such simple
structure can decrease the cycle time per unit of the production. Accordingly, cost
reduction and good mass productivity are achieved.

[0025] Accordingly, simple structure, cost reduction, improved durability and improved
productivity can be achicved also in the single cell C with the membrane electrode

assembly with frame 2, and the cell module M and the fuel cell stack FS that are

composed of the stacked single cells C.

[0026] In the fuel cell stack FS using the membrane electrode assemblies with frame 2,
the supply pressure of the anode gas may be changed in a pulse form in order to remove
water produced on the fuel electrode. In this case, the pressure at the anode side is

increased with an increase of the supply pressure of the anode gas, and the frame 1 is

distorted towards the cathode side due to the resulting difterential pressure between the

anode side and the cathode side. In this way, the frame 1 is repeatedly deformed

according to the changing supply pressure.

[0027] To address this, in the membrane electrode assembly with frame 2, the fuel

10
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electrode layer 12 is disposed on the same side as the deviated side of the inner
peripheral portion 1C of the frame 1. In other words, the inner peripheral portion 1C 1s
deviated to the anode side to which a high pressure is applied. Accordingly, in the
membrane electrode assembly with frame 2, when the frame 1 is distorted toward the
cathode side, the cathode-side part of the step 1B is subjected to a compressive torce.
Therefore, the resultant generated stress, which is denoted as “frame side” in FI1G. 3 (C),
is relatively low compared to the stress caused by a differential pressure from the
opposite side (cathode side). As a result, the membrane electrode assembly with frame

2 is highly durable against deformation due to pressure difference between the anode

gas and the cathode gas.

[0028] (Second to Fourth Embodiments)

FIG. 5 illustrate frames of membrane electrode assemblies with frame according to
other embodiments of the present invention, in which a reinforcing portion is provided

on at least one side of a step 1B.

[0029] In FIG. 5 (A), the frame 1 according to the second embodiment includes lib
reinforcing portions 1E on both sides of a step 1B, which are arranged at the
predetermined intervals in the continuing direction of the step 1B.

[0030] In FIG. 5 (B), the frame 1 according to the third embodiment includes tenon-like
reinforcing portions 1F on the deviated side of a step 1, which are arranged at the

predetermined intervals in the continuing direction of the step 1B. The reinforcing

portions 1F are provided in the area ranging from the step to an inner peripheral portion

1C.

[0031] In FIG. 5 (C), the frame 1 according to a fourth embodiment includes tenon-like

11
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reinforcing portions 1G on the deviated side of the step 1 as in FIG. 5 (B), which are
arranged at the predetermined intervals in the continuing direction of the step IB. The
reinforcing portions 1G are provided in the area ranging from the step to the inner
peripheral portion 1C. The upper ends thereof are formed 1n a curved shape, and the
boundary between the step 1B and the inner peripheral portion 1C is rounded so that a
corrugation is formed as a whole.

[0032] The frame 1 with the above-described reinforcing portions 1E, 1F or 1G exhibits
higher strength in the step 1B and the inner peripheral portion 1C. Therefore, further
improved durability and the like can be achieved. In the above-described
embodiments, the reinforcing portions 1E, 1F or 1G are arranged at the predetermined
intervals. However, they may be continuously disposed instead. For example, In the
membrane electrode assembly with frame 2 of FIG. 2, a plurality of reinforcing portions
are formed along the short sides at the predetermined intervals so that the gaps between
adjacent reinforcing portions can serve as gas channels to allow a flow of the anode gas

or the cathode gas. Further, a plurality of reinforcing portions or continuous

reinforcing portions are formed along the long sides so as to prevent a deviated flow of

the anode gas or the cathode gas.

[0033] (Fifth Embodiment)

FIG. 6 illustrates a membrane electrode assembly with frame according to a fitth
embodiment of the present invention. In FIG. 6 (B) to (D), a fuel electrode layer 12 of
the membrane electrode assembly 2 includes a catalyst layer 12A and a gas dittusion
layer (not shown) that are arranged in the written order from an electrolyte membrane

11. Similarly, an air electrode layer 13 of the membrane electrode assembly 2 includes a

12
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catalyst layer 13A and a gas diffusion layer 13B that are arranged in the written order
from the electrolyte membrane 11.

[0034] In an example of FIG. 6 (B), the membrane electrode assembly 2 has an outer
peripheral portion in which the fuel electrode layer 12, which is one of the electrode
layers, does not have the gas diffusion layer so that the catalyst layer 12A is exposed.
Then, between an inner peripheral portion 1C of the frame 1 and the catalyst layer 12A
of the fuel electrode layer 12, a joining layer 14 of adhesive or sticking agent 1s
provided. In the membrane electrode assembly with frame 2, joining the mnner
peripheral portion 1C to the catalyst layer 12A can provide higher joining strength
compared to joining the inner peripheral portion 1C to the gas diffusion layer of a
porous material.

[0035] In an example of FIG. 6 (C), the membrane electrode assembly 2 has an outer
peripheral portion in which one side of an electrolyte membrane 11 facing the fuel
electrode layer 12, which is one of the electrode layers, is exposed. Then, between an
inner peripheral portion 1C of the frame 1 and the exposed side of the electrolyte
membrane 11, a joining layer 14 of adhesive or sticking agent is provided. In this
membrane electrode assembly with frame 2, the fuel electrode layer 12 1s omitted in the
outer peripheral portion, which is out of the power generating area. This can reduce
the catalyst layer 12A containing an expensive catalyst to the minimum size.
Therefore, further cost reduction can be achieved.

[0036] In the example of FIG. 6 (D), as with the example of FIG. 6 (C), the membrane
electrode assembly 2 has an outer peripheral portion in which one side of an electrolyte

membrane 11 facing the fuel clectrode layer 12 is exposed, and the joining layer 14 is

13
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provided between an inner peripheral portion 1C of the frame 1 and the exposed side of
the electrolyte membrane 11. Further, the membrane electrode assembly 2 has a
communication hole 13C in the outer peripheral portion through the electrolyte
membrane 11 to the other electrode layer, the air electrode layer 13. The
communication hole 13C is open in the surface of the electrolyte membrane 11 and has
a bottom in the middle of the gas diffusion layer 13B of the air electrode layer 13. The
communication hole 13C is filled with the material of the joining layer 14 so that an
anchor 14A is formed integrally with the joining layer 14.

[0037] As with the example of FIG. 6 (C), in the membrane electrode assembly with
frame 2, omitting the fuel electrode layer 12 in the outer peripheral portion enables
further cost reduction. Further, in the membrane electrode assembly 2, even when the
electrolyte membrane 11 is made of a material with poor bonding capacity such as a
fluorine-based material, the anchor 14A engaged with the air electrode layer 13 can
increase the adhesiveness between the electrolyte membrane 11 and the joining layer 14
and eventually increase the adhesiveness between the inner peripheral portion 1C of the

frame 1 and the electrolyte membranc 11.

[0038] (Sixth and Seventh Embodiments)

FIG. 7 illustrates fuel cell single cells with a membrane electrode assembly with frame 2

according to two other embodiments of the present invention, which are cross sectional
views of a part corresponding to a long side of the single cell C in FIG. 2. The same
reference signs are denoted to the same components as those of the previous

embodiments, and the detailed descriptions thereof are omitted.

[0039] Each of the single cells C of FIG. 7 (A) and (B) includes a membrane electrode

14
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assembly with frame 2 and a pair of separators 3, 4 that sandwich the membrane
electrode assembly 2. The pair of separators 3, 4 corresponds to anode and cathode
separators. As described in the previous embodiments, one separator has reversed
faces with a suitable shape to those of the other separator so as to allow anode gas or
cathode gas to flow in the direction parallel to the long sides (the direction normal to the
sheet in FIG. 7).

[0040] Further, each of the single cells C includes sealing members S that are disposed
between the frame 1 and the separators 3, 4 in a part outside the step 1B (left side n
FIG. 7) so that they are airtightly joined to each other. The sealing members S, which
are similar to the sealing member S of the first embodiment, are elastic. Further, in
each of the single cells C, the separators 3, 4 sandwich the joining portion of the inner
peripheral portion 1C of the frame 1 to the outer peripheral portion of the membrane
electrode assembly 2 so that the joining between them is maintained in a good condition.
[0041] The single cell C of FIG. 7 (A) according to a sixth embodiment includes

protrusions 1Q, 1R that are disposed on the respective sides of the frame 1 at a part

inside the scaling members S and abut the cell inner surfaces of the separators 3, 4
respectively. As with the reinforcing portions in FIG. 5, the plurality of protrusions 1Q,
1R may be formed at the predetermined intervals along the short sides and the long
sides of the membrane electrode assembly 2, or the protrusions 1Q, 1R may be formed
continuously.

[0042] In the single cell C with the above-described configuration, the frame 1 1s turther
reinforced by the protrusions 1Q, 1R in addition to the improvement in strength by the

step 1B. Furthermore, the protrusions 1Q, IR that abut the separators 3, 4, can transfer

15
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a load, which is applied at the stacking, in the stacking direction well.

[0043] Further, in the single cell C, the protrusions 1Q, 1R of the trame 1 that abut the
separators 3, 4 can maintain the thickness of the sealing members S at a constant value.
Accordingly, the variability in sealing function among the stacked single cells C can be
reduced. Furthermore, in the single cell C, the protrusions 1Q, 1R along the long sides
of the membrane electrode assembly 2, i.e. in the portions along the flowing direction of
the anode gas or cathode gas, serve as obstacles against a deviated flow so as to promote
the flow of the gases to a power generating area. This contributes to improving the
power generating efliciency.

[0044] The single cell C of FIG. 7 (B) according to a seventh embodiment includes
protrusions 1Q, IR that are disposed on the respective sides of the frame 1 in both parts
inside and outside the sealing member S to abut the cell inner surfaces of separators 3, 4
respectively. As with the reinforcing portions in FI1G. 5, a plurality ot protrusions 1Q,
IR may be formed at the predetermined intervals along the short sides and the long
sides of the membrane electrode assembly 2, or the protrusions 1Q, 1R may be formed

continuously.

[0045] Also in the single cell C with the above-described configuration, the frame 1 can
be reinforced by the protrusions 1Q, 1R 1n addition to the improvement in strength by a

step 1B. Further, the protrusions 1Q, 1R can transfer a load, which is applied at
stacking, in the stacking direction well.

10046] Furthermore, since the single cell C includes the protrusions 1Q, 1R in both parts
outside and inside the sealing members S, their function of maintaining the thickness of

the sealing members S at a constant value 1s more reliable. Theretore, they can have

16
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the function of reducing the variability of the sealing function among the stacked single
cells C and the function of preventing a deviated flow along the long sides of the
membrane electrode assembly 2.

[0047] The configuration of the membrane electrode assembly with frame, the fuel cell
single cell or the fuel cell stack according to the present invention is not limited to those
of the above-described embodiments, and the material, shape, size, number and the like
of the components may be changed without departing from the gist of the present

invention.

REFERENCE SIGNS LIST
10048]
| Frame
1A Opening
IB Step

1C Inner peripheral portion

1E, 1E, 1G Reinforcing portion

1Q, 1R Protrusion

2 Membrane electrode assembly

3,4 Separator

11 Electrolyte membrane

12 Fuel electrode layer (electrode layer)
12A  Catalyst layer of fuel electrode layer

13 Air electrode layer (electrode layer)

17



13C

14

14A

FS

Communication hole
Joining layer
Anchor

Fuel cell single cell
Fuel cell stack

Sealing member

......
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The embodiments of the invention in which an exclusive property or privilege 1s

claimed are defined as follows:

1. A membrane electrode assembly with frame, comprising:

a membrane electrode assembly in which an electrolyte membrane is held between

a pair of electrode layers; and

a resin frame disposed around the membrane electrode assembly,

wherein the frame comprises an opening in which the membrane electrode
assembly is disposed, a step that is formed along an edge of the opening and has a height

corresponding to a thickness of the frame, and an inner peripheral portion that is deviated to

one side of the frame due to the step and extends into the opening,

an outer peripheral portion of the membrane electrode assembly is joined to the

inner peripheral portion on a side opposite a deviated side, and

the frame has a thickness that is greater at the step.

2. The membrane electrode assembly with frame according to claim 1, wherein an

electrode layer that is located at a same side as the deviated side of the inner peripheral

portion is a fuel electrode layer.

3. The membrane electrode assembly with frame according to claim 1 or 2, further

comprising a reinforcing portion disposed on at least one side of the step.

4. The membrane electrode assembly with frame according to any one of claims 1 to

wherein a catalyst layer of one of the pair of electrode layers 1s exposed 1n the outer

peripheral portion of the membrane electrode assembly, and

the membrane electrode assembly with frame further comprises a joining layer of

an adhesive or a sticking agent between the inner peripheral portion of the frame and the

19
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" catalyst layer of one of the electrode layers.

5. The membrane electrode assembly with frame according to any one of claims 1 to
3,
wherein a side of the electrolyte membrane facing one of the pair of electrode layers
is exposed in the outer peripheral portion of the membrane electrode assembly, and
the membrane electrode assembly with frame further comprises a joining layer of
" an adhesive or a sticking agent between the inner peripheral portion of the frame and the

exposed side of the electrolyte membrane.

6. The membrane electrode assembly with frame according to claim 5,
wherein the outer peripheral portion of the membrane electrode assembly Comprises

a communication hole through the electrolyte membrane to the other of the pair of electrode

layers, and

an anchor of a same material as the joining layer is formed in the communication

hole integrally with the joining layer.

7. A fuel cell single cell, comprising: the membrane electrode assembly with frame as

defined in any one of claims 1 to 6; and a pair ot separators that sandwich the membrane

electrode assembly with frame.

8. The fuel cell single cell according to claim 7, further comprising:

a sealing member that is disposed between the frame and each of the pair of

separators in a part outside the step so as to airtightly join the frame to each of the pair of

separators,

wherein the frame comprises protrusions that are disposed in a part inside the

sealing member to abut each of the pair ot separators.

20

CA 2920772 2017-11-16



9. The fuel cell single cell according to claim 8, wherein the frame further comprises

protrusions that are disposed in a part outside the sealing member to abut each of the pair of

separators.

10. A fuel cell stack, comprising a stacked plurality of the fuel cell single cells as

defined in any one of claims 7 to 9.

21

CA 2920772 2017-11-16



CA 29207172 2017-04-11

I—-vr#ﬂ'q-'

Q-.“'“’.\"m LS O . o p ..:'
v g v

}..._ W rvide 2o o gl =il

‘-‘. - ‘1‘-&&" ’--l-—'-u— R N e )

rm h. 'h_r et -
N 7’- v E VS et r—
. - N LT A . i e —— s . e

‘. t., f‘\mum*mﬁ .
"‘
:-{
l’.—l!ll".-
e - —
s £ 1 o

u'd"

o DA W’G-’“-Hﬁ-.a-um-v-c
S ae ;}-&\'u-.

‘o

,
,,./'""

..‘..I/ P / \
e :":;.':f/ /ﬂ=€ / \\

/ )‘/-" U}' i

74 /' f'f;":/' z
o ."'f"’/;,:'}/f ,,':,
: fe / MR

/. 4

f ! NZF P

XA /',":”i' r""'v?%‘:‘f I [ —

3 . . 7'-.': r " -

. , ‘l’,,‘, ", e pp—— L L e
Ny RN e A———
. '.- ’/.0_ .-

0, ¢
- e » .
) r !yf...;' A "f f(
S L 8 S
¢ "‘:“J~',}';"4 -;,._' J','
[] 'I o '
(75

ol .

.’
.....

. {.‘:,'.. "‘ / /!r
"::?J;'f

ey /
Ay
- . )
L A .
- 4 o
, s Fe P,
it o 7 «/ /
< ~', ”ﬁ ﬁ"" 1 4',/

Fig. [

1/7



CA 02920772 2016-02-08

ot *ﬂﬂf

7“’“"% )
; /,
,)/ ” I/'f j))r f
"" iy ff/‘:

l
ff("f

’

-~ ‘, “) / l
rd
o 2 )'// F
NI Ne S i
e 51

rig.

2/7



v T e Y

v . ’ -
!.l.:..'l l"‘l.‘.‘..'.‘\"l. -

v AR ..
c .o LR )

ROV NS O
O W s 1'95\"':'4‘. .
L)

La4rs 1 pd s " rwercard4:

WA "

-
-
L/

14

et
N1

0" s , . .- e hor e
S s NN A M PR
WLV ACY LA TN 43

fajel st Tt
1'e'e
M
oY

NOOH
et oAty

L)
"
b.

TN

vy

e

T e
OO R
‘.

'

LA )
T e T

!
A A

i

N

NS

A=A

34

PR L M
Lt . b LI
IR N - . .
i

4
.‘.,::._. g
.
EUN

/Nt
30 .'l".
T2t

>

e

CA 02920772 2016-02-08

WHrE LTI R r sy m L, LR LN KX LN v -‘
- ..\ b’.:- “.:,‘ :.: ’ p’ E.\:‘ K ._1 [ :'.\3‘.:‘&?!.'.ﬁ .9;"':( ‘1“

- R e L " A 'C:. ,

- = .- 6'"". - >-'- a“:'l'o”ﬁ ‘ o-o

"'n .- "-.w. - - —r--‘-" -(\ﬁ .

- v wa sy 2 \"::}/c‘- AU -R -‘" \5}9

e e e ;;:‘-@’i Rl ,'.*.iv.

5 St N L ey '.\.
e ey 2 L7 o

AR AKY
s o5 "‘.-:'" -7
2'. R w’.’ ) .*.v.' v

A R R """-‘g;f) s : a7
G »ff‘&f B

&
0»"1
:_,
'ﬁ
R
‘f
.:

LS

1'-

s E A LR MR K CAFRERC S

(C)

0:! Iy \ CLY, TR Xt 0 v iaq ')' .\:t‘iq
:05‘:{ s;’:’_.;s’:{f.;.'.'\? "‘:’?‘%&?}: .v; e ,. : : '
L

v

..-' “"'.
"" R ’.ﬁ %"}}

1 ] | i

i - - O

(-) OLLVY SSTYLS
(THIVHANATD

| . —
— - o 00 ™~ WO
— -

1C T1
1B

(B)

T2
T3

T
1

3/7

SIDL

¥
'-wv"zi"- R R LR AL ’5-.""’ R A S

NON-FRAM[
S

%
G Gl o FX :‘:o.fm-%‘ RPN

FRAME SIDE

3
1
-4

h |

')

URE

S

D DIRECTION

1
-
4

NTIAL PR
APPLIT

%
4

RE

h
o

DIFFE

Fig. 3



Fig. 4

Al



L O W
NN

t

dl

Fig. )

511



CA 02920772 2016-02-08

() |

ot |

sll.»lIJ

€L VEL

Vol

RSB

Nt R
1,9y

- . i i
OCJC tl I‘ * N -l‘ " “. -
.....

» atat
PP
N ti e

A .9.* :
:
¥ 90“%
¢ ...mm“uotm —. —.
Ep R

el

. _ \
gel vel

$

PPN A RN PPN MK RN KRR K
mf._..ﬁ%“ S RRRR LG
B R

X
XS
S lela et

SIS

2Tetatatalama®ibas.

'- sllrl/./ %
or.u... N /.f//
,..w,y%?ﬂ

"

. .......m-...oc”.“. e 0T e DO SN WD, R0 A Y AV A YN N O Y N ) e
e ve bl et a' VAN Tae SN v ape . BN O PO PRI S . N et e R Y
. - ' R e A A B A AT U Y AR TR L
TN T ca.-.-..-..-..‘.q.....- R S AT I R R T IR S s’ ey
I R I L T R LY ) . AN v-.c\.-.o.v.-.co-\.;.-&.....-ﬁ-avd.‘.-....- L4 "
OO OO A N SR I T b N -~ B e .
. ... - (X 4 LR

........

DR I OO R
. , e e e L et Gale T L e A e LT L e
g b e P A v At Lt T M e b Ak w ek R R s AT S R e u e
. LA

. SRR A A
\...”.m“.“\.wu..\ AN BRSNS
AR O LN

tl

dcl Vel

2%

"mw

9

Pt TS e S T e e e ‘Al
B A R Ay B L AT AN
R OO EODIORR 6 O Shi COPTIT IR SO DOVC LN N SR AN TR

NN
v&.@.&&
B
S\ ) T

(Vel)el

X X, AN
.ﬁﬁﬁ&
RN

vi

SN OO
l...Vo.o-. LTI Lot

PN B I
LA h- -4
-

NI T N 2 e N X L L Y R T R N TN R L .xidi?..q‘_i)\ﬂ..n.....: e
- VT a e P N N X N N XN ) v v nm e i ra b rp v
. e gwds LTS e e e dd L v e A e vs-.b..io.unn....'-.v L)
ettt d] ..m..”....v....“...""............w.. et
T A SR Xt e N T
STt

o
&
4

6/7



CA 02920772 2016-02-08

dli

/
b1 dl S \¢

|

L;\'év.vv JAENPNIIND g
l\.-’ A 2 ¢ " %ﬁw%’\‘lf.f = e, p ..n.sl e
v e T NV SR A

el

lf?-l.l.(tv wwshlvpmenl

P e MAXY NN DA AN . ...a...l!)l.

[ e
st r C- n-a..-' -. .-

| 4
oL OL S o O |

¢

clL

dl
vl dl

a0

N - - » . o .
- A . A .
"\ Pt . ‘ PRI O e 1 - BV e F
" . { N “... : PLEALL LS eA RAY ’ ' ) v o 4 e
0 D .- - et - ) . UL AU RN . . B M B0 A
Jaat SR ] .. g ARy - - R 4 v b " et : i \ ‘&:...\.... B A T I
m SR i PN S ce e ey IR - L R L SR A I I -
vl .o . ' ' e ey N T e . e =%t g’ . s tat.%t 0.0, t.cl0. . Sy My maE - o g b -
* . ' ' . . Je e e e ” eV e EaTE . g . S W e e Taw B e Per T T . e gt I N e B o
. <. R Ve e Tt o Do e ORI Loom . - A e . . .. . . 5
S . . . . . ain P '
- . Ry e g ' e T DA . calion -
- - . . B . . . . . . . . . ce * @ N .&‘f-‘. LR - CUE I . R . . . -
R - Cee R O e S cra s Caa e . e Caw e e, o R, BOSROOSNOHUDDD L . (] A T R ol T
. v . ' ' N . . LI . A A A . 0 A
OO0 ' - P P ) (MO . ' e W - g . . e N .t . .
" . i A A SO S
- . . . Pl

....... - . . - AN S ' - r - . -
M T = e ' o o -

yo

I AL T R R L R T D APC TR - W etwes
At.v.-..\?-\\.....l.h.\.. ..}n.u\?...\\...f‘vl.f.ai »,
- .-!‘.. .rnn‘ w-v..rl‘-.-qhavﬂ‘-(.‘-I-.A.-

o] Ol

ig. 7

177



ot AN e e S
R

(B) (C)

T1

-
0o
L}

1B

GENERAITED
STRESS RATIO (-)

o
~d
[

T3

‘ A AL

." \ _‘
y %/ L\tl ! \_,,_,:
% ﬁq"s,if P RAIN

FRAME SIDE NON- FRAML SIDTE

-
>
o)

DIFFERENTIAL PRESSURE,
APPLILD DIRECTION



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

