
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date (10) International Publication Number
20 September 2007 (20.09.2007) PCT WO 2007/105046 A2

(51) International Patent Classification: Not classified AT,AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,

(21) International Application Number: GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,
PCT/IB2007/000475 KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT,

(22) International Filing Date: LU, LV,LY,MA, MD, MG, MK, MN, MW, MX, MY, MZ,

27 February 2007 (27.02.2007) NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU,
SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN, TR,

(25) Filing Language: English TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW

(26) Publication Language: English (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

(30) Priority Data: GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
2006-067565 13 March 2006 (13.03.2006) JP ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

European (AT,BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
(71) Applicant (for all designated States except US): TOY¬

FR, GB, GR, HU, IE, IS, IT, LT, LU, LV,MC, NL, PL, PT,
OTA JIDOSHA KABUSHIKI KAISHA [JP/JP]; 1, Toy

RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
ota-cho, Toyota-shi, Aichi-ken 471-8571 (JP).

GN, GQ, GW, ML, MR, NE, SN, TD, TG).

(72) Inventor; and Published:
(75) Inventor/Applicant (for US only): OKABE, Hiroki — without international search report and to be republished

[JP/JP]; c/o Toyota Jidosha Kabushiki Kaisha, of 1, Toy- upon receipt of that report
ota-cho, Toyota-shi, Aichi-ken 471-8571 (JP).

For two-letter codes and other abbreviations, refer to the "G uid

(81) Designated States (unless otherwise indicated, for every ance Notes on Codes and Abbreviations" appearing at the beg in
kind of national protection available): AE, AG, AL, AM, ning of each regular issue of the PCT Gazette.

(54) Title: SEPARATOR AND FUEL CELL

(57) Abstract: A separator (41) for use in a fuel
cell stack has an anode facing plate (44), a cathode

INTERMEDIATE PLATE facing plate (42), and an intermediate plate (45).
The intermediate plate (45) has an air supply
through-hole (452a), an air discharge through-hole
(452b), a hydrogen supply through-hole (454a),
and a hydrogen discharge through-hole (454b).
The intermediate plate (45) also has through-holes
(452cl, 452dl, 452el, and 452fl). The air supply
through-hole (452a) is in communication with the
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(454b) with the through-hole (452fl), respectively
via communication passages (452c2, 452d2, 452e2,
and 452f2) formed in the intermediate plate (45).



SEPARATORAND FUEL CELL

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a separator and a fuel cell having the

separator.

2. Description of the Related Art

[0002] Fuel cells, which generate electricity through an electrochemical

reaction between hydrogen and oxygen, are attracting attention as energy sources.

A fuel cell has a stack structure in which membrane-electrode assemblies, each

having an anode (hydrogen electrode) and a cathode (oxygen electrode) on both

sides of an electrolyte membrane that has proton conductivity, and separators are

stacked alternately (the fuel cell having such a stack structure is hereinafter referred

to also as "fuel cell stack").

[0003] JP-A 2004-6104 describes a separator having a fuel gas plate that

faces an anode (hereinafter referred to as "anode facing plate"), an oxidant gas

plate that faces a cathode (hereinafter referred to as "cathode facing plate"), and an

intermediate plate disposed between these plates. In the separator, each gas plate

has a through-hole and a gas communication hole, and the intermediate plate has a

delivery passage for delivery of a fuel gas or an oxidant gas from the gas

communication hole to the through-hole of each gas plate.

[0004] A load is applied to the fuel cell stack in the stacking direction of the

stack structure, to prevent deterioration in cell performance due to an increase in

contact resistance at any point in the stack structure and to prevent gas leakage.

[0005] In the separator described in JP-A-2004-6104, however, the delivery

passage passes through the intermediate plate in the thickness direction, and thus

the rigidity against the loads applied vertically with respect to the surface of the



separaiui, that is, in the stacking direction of the stack structure, is relatively low at

a portion of the intermediate plate where the gas delivery passage is formed.

SUMMARY OF THE INVENTION

[0006] The present invention increases the rigidity against the loads applied

vertically to the surface of a separator that is used in a fuel cell stack having an

anode facing plate, a cathode facing plate, and an intermediate plate.

[0007] A first aspect of the invention provides a separator for use in a fuel

cell having a stack structure in which a plurality of membrane-electrode assemblies

are stacked with the separators interposed therebetween. Each

membrane-electrode assembly has an electrolyte membrane and electrodes disposed

on both sides of the electrolyte membrane. The separator includes: two

electrode facing plates that face the respective electrodes of the

membrane-electrode assembly and an intermediate plate interposed between the

two electrode facing plates. The two electrode facing plates and the intermediate

plate each have a first through-hole that allows a reaction gas to be supplied to the

membrane-electrode assembly, or a discharge gas discharged from the

membrane-electrode assembly, to flow in the stacking direction of the stack

structure. The first through-holes of the two electrode facing plates and the

intermediate plate overlap with each other when viewed in the stacking direction.

One of the two electrode facing plates and the intermediate plate each have a

second through-hole that allows at least the reaction gas to be supplied, or the

discharge gas to be discharged, vertically with respect to the membrane-electrode

assembly. The second through-holes of the one of the two electrolyte facing

plates and the intermediate plate overlap with each other as viewed in the stacking

direction. The intermediate plate has a communication passage that allows

communication between the first through-hole and the second through-hole in the

intermediate plate. The dimension of the communication passage in the thickness

direction of the intermediate plate is smaller than the thickness of the intermediate



plate.

[0008] In the first aspsect of the invention, the intermediate plate has a

second through-hole and a communication passage, in place of the gas delivery

passage in the intermediate plate of the separator described in JP-A-2004-6104

mentioned above. The dimension of the communication passage in the thickness

direction of the intermediate plate is smaller than the thickness of the intermediate

plate, and the communication passage does not pass through the intermediate plate

in the thickness direction. Thus, the rigidity against loads applied vertically to the

surface of the separator can be increased, compared to the case where a gas

delivery passage passes through the intermediate plate in the thickness direction.

[0009] The communication passage may be a through-hole thai passes

through the inside of the intermediate plate in the direction perpendicular to the

stacking direction of the stack structure.

[0010] In this way, the diameter of the communication passage can be made

largest without the communication passage passing through the intermediate plate

in the thickness direction.

[0011] In the separator described above, the two electrode facing plates and

the intermediate plate may be bonded together using a bonding agent.

[0012] In the separator of JP-A-2004-6104 described above, in which the

intermediate plate has a gas delivery passage that passes through the intermediate

plate in the thickness direction, if an anode facing plate, a cathode facing plate, and

an intermediate plate are bonded together using a bonding agent such as a brazing

material or an adhesive, the bonding agent is squeezed into the gas delivery passage.

This reduces the cross-sectional area of the gas delivery passage and a desired gas

flow rate cannot be achieved. In the first aspect of the invention, however, a gas

delivery passage does not pass through the intermediate plate in the thickness

direction; thus, the bonding agent is not squeezed into the gas delivery passage.

As a result, the cross-sectional area of the communication passage is not reduced

and a desired gas flow rate can be achieved.



[0013] In the separator described above, the intermediate plate may be made

of resin, and the bonding agent may be an adhesive.

[0014] In the first aspect of the invention, the intermediate plate is made of

resin. Thus, the weight of the separator can be reduced, compared to the case

where the intermediate plate is made of metal. Another advantage to using a resin

member is that a resin member is easier to process than a metal member.

[0015]Alternatively, the two electrode facing plates and the intermediate plate

may be made of metal, and the bonding agent may be a brazing material.

[0016] In this way, the strength of the fuel cell can be improved, compared

to the case where the intermediate plate is made of resin and the bonding agent is

an adhesive.

[0017] In addition to the constitution as a separator described above, the

present invention can be implemented as a fuel cell stack having the separator!

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The foregoing and further objects, features and advantages of the

invention will become apparent from the following description of preferred

embodiments with reference to the accompanying drawings, wherein like numerals

are used to represent like elements and wherein:

FIG. 1 is a perspective view illustrating the general construction of a fuel cell

stack 100 according to an embodiment of the present invention;

FIGs. 2A, 2B, 2C and 2D are plane views of components of a separator 41;

FIG. 3 is a plane view of the separator 41;

FIGs. 4A and 4B are explanatory views of a MEGA seal gasket 46;

FIGs. 5A and 5B are explanatory views of the cross-sectional structure of a

fuel cell module 40;

FIGs. 6A, 6B, 6C and 6D are plane views of components of a separator 41A as

a comparative example;

FIGs. 7A and 7B are explanatory views of the cross-sectional structure of a
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fuel cell module 4OA as a comparative example; and

FIG. 8 is an explanatory view illustrating another effect of the embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0019] FIG. 1 is a perspective view illustrating the general construction of a

fuel cell stack 100 in an embodiment of the present invention. The fuel cell stack

100 has a stack structure in which a plurality of cells for generating electricity

through an electrochemical reaction between hydrogen and oxygen are stacked

together with separators interposed therebetween. Each cell has an anode, a

cathode, and an electrolyte membrane having proton conductivity interposed

therebetween as described later. In this embodiment, polymer electrolyte

membranes are used as the electrolyte membranes. Instead of the polymer

electrolyte membranes, other electrolytes such as a solid oxide and the like may be

used. Also, in this embodiment, the separator has a three-layer structure, as

described later, and is formed with a passage for hydrogen as a fuel gas to be

supplied to the anode, a passage for air as an oxidant gas to be supplied to the

cathode, and a passage for coolant. A suitable number of cells may be stacked

according to the output power required of the fuel cell stack 100 for a given

application.

[0020] In the fuel cell stack 100, an end plate 10, an insulating plate 20, a

current collecting plate 30, a plurality of fuel cell modules 40, a current collecting

plate 50, an insulating plate 60, and an end plate 70 are stacked in this order from

one end to the other. These members have supply ports, discharge ports and

passages (all not shown) that allow hydrogen as a fuel gas, air as an oxidant gas,

and coolant to flow through the fuel cell stack 100. The hydrogen is supplied

from a hydrogen tank (not shown). The air and the coolant are pressurized and

supplied by pumps (not shown). Each fuel cell module 40 is constituted of a

separator 41 and a MEGA seal gasket 46 in which a membrane-electrode assembly

and a gasket are integrated, which are described later. The fuel cell module 40 is



described later. The term "MEGA" as used herein is an abbreviation for

"Membrane Electrode Gas diffusion layer Assembly", and refers to a

membrane-electrode assembly that is an electrolyte membrane with a catalyst layer

and a gas diffusion layer formed on both surfaces.

[0021] The fuel cell stack 100 also has tension plates 80 as shown in the

drawing. A pressing force is applied to the fuel cell stack 100 in the stacking

direction of the stack structure, to prevent deterioration in cell performance due to

an increase in contact resistance at any point in the stack structure, and to prevent

gas leakage. By fixing the tension plates 80 to the end plates 10 and 70 at both

ends of the fuel cell stack 100 with bolts 82, each fuel cell module 40 is tightened

with a predetermined tightening force in the stacking direction.

[0022] The end plates 10 and 70, and the tension plates 80 are made of a

metal such as steel to ensure rigidity. The insulating plates 20 and 60 are made of

an insulating material such as rubber or resin. The current collecting plates 30 and

50 are made of a gas-impermeable conductive material such as densified carbon or

copper. Each of the current collecting plates 30 and 50 has an output terminal (not

shown) so that the electric power generated in the fuel cell stack 100 can be output

therefrom.

[0023] As described before, each fuel cell module 40 has a separator 41 and

a MEGA seal gasket 46. The separator 41 and the MEGA seal gasket 46 are

described below.

[0024] FIGs. 2A to 2D are plane views of components of the separator 41.

As shown in the drawings, the separator 41 is constituted of a cathode facing plate

42, an anode facing plate 44, an intermediate plate 45, and a coolant passage

forming member 43.

[0025] In this embodiment, the cathode facing plate 42 and the anode facing

plate 44 are flat and have the same square outer shape. These flat plates are made

of stainless steel. The coolant passage forming member 43 is also made of

stainless steel. The cathode facing plate 42, the anode facing plate 44 and the



coolant passage forming member 43 may be made of other metals such as titanium

or aluminum instead of stainless steel. Because these members are exposed to the

coolant as described later, anti-corrosive metals may also be used.

[0026] The intermediate plate 45 has the same outer shape as the cathode

facing plate 42 and the anode facing plate 44. The intermediate plate 45 is made

of resin. Suitable resins that may be used to make the intermediate plate include,

but are not limited to, polypropylene, polyethylene, polyamide, polyurethane and

polyethylene terephthalate may be used. Because the separator 41 is required to

have a low electrical resistance, conductive resin may be used for the intermediate

plate 45.

[0027] FIG. 2A is a plane view of the cathode facing plate 42, which

contacts the cathode side surface of the MEGA seal gasket 46 to be described later.

As shown in the drawing, the cathode facing plate 42 has an air supply

through-hole 422a, a plurality of air supply ports 422i, a plurality of air discharge

ports 422o, an air discharge through-hole 422b, a hydrogen supply through-hole

424a, a hydrogen discharge through-hole 424b, a coolant supply through-hole 426a,

and a coolant discharge through-hole 426b. In this embodiment, the air supply

through-hole 422a, the air discharge through-hole 422b, the hydrogen supply

through-hole 424a, the hydrogen discharge through-hole 424b, the coolant supply

through-hole 426a, and the coolant discharge through-hole 426b are generally

rectangular, and the air supply ports 422i and the air discharge ports 422o are

circular and have the same diameter.

[0028] FIG. 2B is a plane view of the anode facing plate 44, which contacts

the anode side surface of the MEGA seal gasket 46, to be described later. As

shown in the drawing, the anode facing plate 44 has an air supply through-hole

442a, an air discharge through-hole 442b, a hydrogen supply through-hole 444a, a

plurality of hydrogen supply ports 444i, a plurality of hydrogen discharge ports

444o, a hydrogen discharge through-hole 444b, a coolant supply through-hole 446a,

and a coolant discharge through-hole 446b. In this embodiment, the air supply



through-hole 442a, the air discharge through-hole 442b, the hydrogen supply

through-hole 444a, the hydrogen discharge through-hole 444b, the coolant supply

through-hole 446a, and the coolant discharge through-hole 446b are generally

rectangular, and the hydrogen supply ports 444i and the hydrogen discharge ports

444o are circular and have the same diameter.

[0029] FIG. 2C is an explanatory view of the intermediate plate 45. The

drawing shows a plane view, a side view, and a cross-sectional view taken along the

line I-I of FIG. 2C, of the intermediate plate 45. The structure of the intermediate

plate 45 is the characteristic of the present invention, and described in detail later in

contrast to a comparative example.

[0030] As shown in the drawing, the intermediate plate 45 has an air supply

through-hole 452a, an air discharge through-hole 452b, a hydrogen supply

through-hole 454a, and a hydrogen discharge through-hole 454b. In addition, the

intermediate plate 45 has a plurality of through-holes 452cl, a plurality of

through-holes 452dl, a plurality of through-holes 452el, and a plurality of

through-holes 452fl in the vicinity of the air supply through-hole 452a, the air

discharge through-hole 452b, the hydrogen supply through-hole 454a, and the

hydrogen discharge through-hole 454b, respectively. These through-holes are

circular and have the same diameter.

[0031] The plurality of through-holes 452cl are in communication with the

air supply through-hole 452a via a plurality of communication passages 452c2

formed inside the intermediate plate 45, respectively. The plurality of

through-holes 452dl are in communication with the air discharge through-hole

452b via a plurality of communication passages 452d2 formed inside the

intermediate plate 45, respectively. The plurality of through-holes 452el are in

communication with the hydrogen supply through-hole 454a via a plurality of

communication passages 452e2 formed inside the intermediate plate 45,

respectively. The plurality of through-holes 452fl are in communication with the

hydrogen discharge through-hole 454b via a plurality of communication passages



452f2 formed inside the intermediate plate 45, respectively.

[0032] The intermediate plate 45 also has a coolant flowing part 456 that

allows the coolant to flow through the intermediate plate 45 in the separator 41.

The transverse length of the coolant flowing part 456 in the drawing is the same as

the length W3 from the outer side of the coolant supply through-hole 446a to the

outer side of the coolant discharge through-hole 446b shown in FIG. 2B, and the

vertical length is the same as the length W2, or the vertical length of the coolant

supply through-hole 446a and the coolant discharge through-hole 446b shown in

FIG. 2B.

[0033] FIG. 2D shows a plane view and a side view of the coolant passage

forming member 43. A plane view and a side view of the coolant passage forming

member 43 are shown on the left side and the right side, respectively, of FIG. 2D.

[0034] As shown in the drawing, the coolant passage forming member 43

has rectangular projections and depressions arranged alternately in cross section.

The transverse length of the coolant passage forming member 43 in the drawing is

the same as the length Wl from the inner side of the coolant supply through-hole

446a to the inner side of the coolant discharge through-hole 446b shown in FIG. 2B,

and the vertical length is the same as the vertical length W2 of the coolant supply

through-hole 446a and the coolant discharge through-hole 446b. The height of the

coolant passage forming member 43 is approximately the same as the thickness t of

the intermediate plate 45. In the manufacturing process of the separator 41, the

coolant passage forming member 43 is placed in a region between the coolant

supply through-hole 426a and the coolant discharge through-hole 426b of the

cathode facing plate 42, and in a region between the coolant supply through-hole

446a and the coolant discharge through-hole 446b of the anode facing plate 44.

[0035] FIG. 3 is a plane view of the separator 41. The separator 41 is

formed by placing the coolant passage forming member 43 at the center of the

coolant flowing part 456 of the intermediate plate 45, and then bonding the cathode

facing plate 42, the anode facing plate 44 and the intermediate plate 45 with an



adhesive. Here, the separator 41 is shown as viewed from the anode facing plate

44 side.

[0036] As can be understood from the drawing, the air supply through-holes

442a, 452a, and 422a are formed in the same position through the anode facing

plate 44, the intermediate plate 45, and the cathode facing plate 42. The air

discharge through-holes 442b, 452b and 422b are formed in the same position.

The hydrogen supply through-holes 444a, 454a, and 424a are formed in the same

position. The hydrogen discharge through-holes 444b, 454b, and 424b are formed

in the same position. These through-holes function as the first through-hole of the

invention.

[0037] The hydrogen supply ports 444i and the through-holes 452el are

formed in the same positions through the anode facing plate 44 and the

intermediate plate 45. The hydrogen discharge ports 444o and the through-holes

452fl are formed in the same positions. The air supply ports 422i and the

through-holes 452cl are formed in the same positions through the cathode facing

plate 42 and the intermediate plate 45. The air discharge ports 422o and the

through-holes 452dl are formed in the same positions. These through-holes

function as the second through-hole of the invention.

[0038] The coolant supply through-holes 446a and 426a are formed in the

same position through the anode facing plate 44 and the cathode facing plate 42.

The coolant discharge through-holes 446b and, 426b are formed in the same

position.

[0039] FIGs. 4A and 4B are explanatory views of the MEGA seal gasket 46.

FIG. 4A is a plane view of the MEGA seal gasket 46 as viewed from the cathode

side. FIG. 4B is a cross-sectional view taken along the line I-I of FIG. 4A.

[0040] As shown in the drawings, the MEGA seal gasket 46 has a MEGA

section 461 and a frame 460 surrounding and supporting the MEGA section 461.

Although silicone rubber is used for the frame 460 in this embodiment, the present

invention is not limited thereto. Other materials having gas impermeability,



elasticity, and heat resistance may also be used.

[0041] The MEGA section 461 is a membrane-electrode assembly in which a

cathode diffusion layer 49c is stacked on a cathode catalyst layer 48c and over one

surface (cathode side surface) of an electrolyte membrane 47 and an anode

diffusion layer 49a is stacked an anode catalyst layer 48a over the other surface

(anode side surface) of the electrolyte membrane 47 as shown in FIG. 4B. In this

embodiment, carbon porous bodies are used as the anode diffusion layer 49a and

the cathode diffusion layer 49c. Also, in this embodiment, metal porous layers 49,

which function as gas passage layers for allowing hydrogen and air to flow when

the MEGA seal gasket 46 is stacked on the separator 41, are provided on both sides

of the MEGA section 461. With this constitution, the gasses may be supplied as

diffused efficiently over the entire surfaces of the anode and the cathode. For the

gas passage layers, other materials having electrical conductivity and gas

diffusibility such as carbon may be used in place of the metal porous bodies.

[0042] The frame 460 has an air supply through-hole 462a, an air discharge

through-hole 462b, a hydrogen supply through-hole 464a, a hydrogen discharge

through-hole 464b, a coolant supply through-hole 466a, and a coolant discharge

through-hole 466b as in the case with the separator 41 as shown in FIG. 4A.

Sealing parts 468 are integrally provided around the through holes and around the

MEGA section 461 to form seal lines SL shown by thin lines in FIG. 4A. That is,

the frame 460 functions as a gasket that prevents leakage of hydrogen, oxygen and

coolant. The frame 460 is formed by, for example, injection molding.

[0043] FIGs. 5A and 5B are explanatory views of the cross-sectional

structure of the fuel cell module 40. FIG. 5A is a cross-sectional view taken along

the line I-I of FIG. 3, and FIG. 5B is a cross-sectional view taken along the line II-II

of FIG. 3.

[0044] In the MEGA seal gasket 46, the metal porous layer 49 on the anode

side of the MEGA section 461 contacts the anode facing plate 44 of the separator

41 when the MEGA seal gasket 46 and the separator 41 are stacked together. Also,



the metal porous layer 49 on the cathode side of the MEGA section 461 contacts the

cathode facing plate 42 of the separator 41 when the MEGA seal gasket 46 and the

separator 41 are stacked together. The sealing parts 468 contact the cathode

facing plate 42 and the anode facing plate 44 to form the seal lines SL shown in FIG.

4A.

[0045] As shown by arrows in FIG. 5A, in the fuel cell module 40, air

supplied from the air supply through-hole 442a of the anode facing plate 44 is

branched in the air supply through-hole 452a of the intermediate plate 45, and

passes through the communication passage 452c2 and the through-hole 452cl to be

supplied from the air supply port 422i of the cathode facing plate 42 vertically with

respect to the surface of the MEGA section 461. The air then flows in the metal

porous layer 49 on the cathode side and in the cathode diffusion layer 49c, and as

shown in FIG. 5B, is discharged from the air discharge port 422o of the cathode

facing plate 42 vertically with respect to the surface of the MEGA section 461,

passes through the through-hole 452dl, the communication passage 452d2, and the

air discharge through-hole 452b of the intermediate plate 45, and is discharged

from the air discharge through-hole 442b of the anode facing plate 44.

[0046] Here, only the flow of the air to be supplied to the cathode of the

MEGA section 461 has been described. The hydrogen to be supplied to the anode

flows in the same way.

[0047] Next, the separator 41A and a fuel cell module 4OA, as a comparative

example, will be described to clarify the effect of the embodiment described above.

The construction of the fuel cell stack in the comparative example is the same as

that of the fuel cell stack 100 of the embodiment except for the separator 41A.

[0048] FIGs. 6A to 6D are plane views of components of the separator 41A

as a comparative example. The separator 41A is constituted of components

stacked together as in the case with the separator 41. The separator 41A is

constituted of a cathode facing plate 42, an anode facing plate 44, an intermediate

plate 45A, and a coolant passage forming member 43. The cathode facing plate



42, the anode facing plate 44, and the coolant passage forming member 43 are the

same as those in the separator 41 in the embodiment described above. The

intermediate plate 45A is partly different from the separator 41 in the embodiment

described above. Thus, hereinafter, the cathode facing plate 42, the anode facing

plate 44, and the coolant passage forming member 43 are not described, and only

the intermediate plate 45A is described.

[0049] As shown in the drawing, the intermediate plate 45A has an air

supply through-hole 452a, an air discharge through-hole 452b, a hydrogen supply

through-hole 454a, and a hydrogen discharge through-hole 454b, as in the case with

the intermediate plate 45 in the embodiment described above. The air supply

through-hole 452a has a plurality of air supply passage forming portions 452c that

allow air to flow from the air supply through-hole 452a to the plurality of air

supply ports 422i of the cathode facing plate 42, respectively, in place of the

through-holes 452cl and the communication passages 452c2 in the embodiment

described above. The air discharge through-hole 452b has a plurality of air

discharge passage forming portions 452d that allow air to flow from the plurality of

air discharge ports 422o of the cathode facing plate 42 to the air discharge

through-hole 452b, in place of the through-holes 452dl and the communication

passages 452d2 in the embodiment described above. The hydrogen supply

through-hole 454a has a plurality of hydrogen supply passage forming portions

452e that allow hydrogen to flow from the hydrogen supply through-hole 454a to

the plurality of hydrogen supply ports 444i of the anode facing plate 44,

respectively, in place of the through-holes 452el and the communication passages

452e2 in the embodiment described above. The hydrogen discharge through-hole

454b has a plurality of hydrogen discharge passage forming portions 452f that

allow hydrogen to flow from the plurality of hydrogen discharge ports 444o of the

anode facing plate 44 to the hydrogen discharge through-hole 454b, in place of the

through-holes 452fl and the communication passages 452f2 in the embodiment

described-above. The air supply passage forming portions 452c, the air discharge



passage forming portions 452d, the hydrogen supply passage forming portions 452e,

and the hydrogen discharge passage forming portions 452f pass through the

intermediate plate 45A in the thickness direction.

[0050] FIGs. 7A and 7B are explanatory views of the cross-sectional

structure of the fuel cell module 4OA as a comparative example. FIG. 7A

corresponds to FIG. 5A that is a cross-sectional view taken along the line I-I of FIG.

3, and FIG. 7B corresponds to FIG. 5B that is a cross-sectional view taken along the

line H-II of FIG. 3.

[0051] The MEGA seal gasket 46 is the same as that in the embodiment

described above.

[0052] As shown by arrows in FIG. 7A, in the fuel cell module 4OA, air

supplied from the air supply through-hole 442a of the anode facing plate 44 is

branched in the air supply through-hole 452a of the intermediate plate 45, and

passes through the air supply passage forming portion 452c to be supplied from the

air supply port 422i of the cathode facing plate 42 vertically with respect to the

surface of the MEGA section 461. The air then flows in the metal porous layer 49

on the cathode side and in the cathode diffusion layer 49c, and as shown in FIG. 7B,

is discharged from the air discharge port 422o of the cathode facing plate 42

vertically with respect to the surface of the MEGA section 461, passes through the

air discharge passage forming portion 452d and the air discharge through-hole 452b

of the intermediate plate 45, and is discharged from the air discharge through-hole

442b of the anode facing plate 44. Here, only the flow of the air to be supplied to

the cathode of the MEGA section 461 has been described. The hydrogen to be

supplied to the anode flows in the same way.

[0053] In the embodiment and the comparative example described above, the

areas in the ellipse of the broken line in FIGs. 5A and 7Aare specifically focused.

The separator 41, or the separator 41A, and the MEGA seal gasket 46 are stacked

together, and a predetermined load in the stacking direction is applied thereto.

Then, in the embodiment described above, because the intermediate plate 45 is



formed with the communication passages 452c2, the load applied to the separator

41 in the stacking direction by the sealing parts 468 is supported by the anode

facing plate 44 and the intermediate plate 45, as shown in FlG. 5A. In contrast, in

the comparative example, because the intermediate plate 45A is formed with the air

supply passage forming portions 452c passing through the intermediate plate 45A

in the thickness direction, the load applied to the separator 41A in the stacking

direction by the sealing parts 468 of the MEGA seal gasket 46 is supported only by

the anode facing plate 44 and not by the intermediate plate 45A, as shown in FIG.

7A. Thus, with the separator 41 of the embodiment described above, the rigidity

against loads applied vertically to the surface of the separator is increased,

compared to the separator 41A of the comparative example.

[0054] FIG. 8 is an illustrates another effect of the embodiment described

above. The upper part of FIG. 8 shows a cross-sectional view of a part of the

cathode facing plate 42, the intermediate plate 45A, and the anode facing plate 44

in the comparative example. The lower part of FIG. 8 shows a cross-sectional

view of the separator 41A formed by bonding together the cathode facing plate 42,

the intermediate plate 45A, and the anode facing plate 44 using an adhesive 450.

[0055] When the adhesive 450 is applied to both surfaces of the intermediate

plate 45A and the cathode facing plate 42 and the anode facing plate 44 are bonded

to the intermediate plate, as shown in the upper part of FIG. 8, the adhesive 450

may be squeezed into the hydrogen supply passage forming portions 452e which

pass through the intermediate plate 45A in the thickness direction, as shown in the

lower part of FIG. 8. This reduces the cross-sectional areas of the passages and a

desired gas flow rate may not be achieved. In contrast, the intermediate plate 45

of the embodiment described above has communication passages 452e2 which do

not pass through the intermediate plate 45 in the thickness direction, as can be

understood from the cross-sectional view of the intermediate plate 45 shown in FIG.

2C and so forth. Thus, the adhesive 450 is not squeezed into the communication

passages 452e2 when the cathode facing plate 42, the anode facing plate 44, and the



intermediate plate 45 are bonded together using the adhesive 450. Thus, the

cross-sectional areas of the communication passages 452e2 are not reduced by the

adhesive 450 and a desired gas flow rate can be achieved.

[0056] Although an embodiment of the present invention has been described

above, the present invention is not limited to the described embodiment, and

various modifications may be made thereto without departing from the object

thereof. For example, the following modifications can be made.

[0057] Although a resin member is used as the intermediate plate 45 and

bonded to the cathode facing plate 42 and the anode facing plate 44 using the

adhesive 450 in the embodiment described above, the present invention is not

limited thereto. A metal member may be used as the intermediate plate 45, for

example, and bonded to the cathode facing plate 42 and the anode facing plate 44

using a brazing material. However, using a resin intermediate plate 45 reduces the

weight of the separator 41 and the fuel cell stack 100. Another advantage of a

resin member is that it is easier to process, compared to a metal member.

[0058] Although the air supply through-hole 452a, the air discharge

through-hole 452b, the hydrogen supply through-hole 454a, and the hydrogen

discharge through-hole 454b of the intermediate plate 45 are provided with the

through-holes 452cl, 452dl, 452el, and 452fl, and the communication passages

452c2, 452d2, 452e2, and 452f2, respectively, in the embodiment described above,

the present invention is not limited thereto. The various passage forming portions

described above in the comparative example may be provided for a part of the air

discharge through-hole 452b, the hydrogen supply through-hole 454a, and the

hydrogen dishcarge through-hole 454b.

[0059] While the invention has been described with reference to example

embodiments thereof, it is to be understood that the invention is not limited to the

described embodiments or constructions. To the contrary, the invention is

intended to cover various modifications and equivalent arrangements. In addition,

while the various elements of the embodiments are shown in various combinations



and configurations, other combinations and configurations, including more, less or

only a single element, are also within the spirit and scope of the invention.



0475

CLAIMS

1. A separator for use in a fuel cell that has a stack structure in which a plurality

of membrane-electrode assemblies are stacked with the separators interposed

therebetween, each membrane-electrode assembly having an electrolyte membrane

and electrodes disposed on both sides thereof, the separator including two electrode

facing plates that face the respective electrodes of the membrane-electrode

assembly; and an intermediate plate interposed between the two electrode facing

plates, characterized in that:

the two electrode facing plates and the intermediate plate each have:

a first through-hole through which a reaction gas that is supplied to the

membrane-electrode assembly, or a discharge gas that is discharged from the

membrane-electrode assembly, flows in a stacking direction of the stack structure,

the first through-holes of the two electrode facing plates and the intermediate plate

overlapping with each other when viewed in the stacking direction;

one of the two electrode facing plates, and the intermediate plate each have:

a second through-hole through which at least the reaction gas is supplied, or

the discharge gas is discharged, vertically with respect to a surface of the

membrane-electrode assembly, the second through-holes of the one of the two

electrode facing plates and the intermediate plate overlapping with each other when

viewed in the stacking direction;

the intermediate plate has a communication passage for communication

between the first through-hole and the second through-hole in the intermediate

plate; and

a dimension of the communication passage in a direction of a thickness of the

intermediate plate is smaller than the thickness of the intermediate plate.

2. The separator according to claim 1, wherein

the communication passage is a through-hole that passees through an inside of



the intermediate plate in a direction perpendicular to the stacking direction of the

stack structure.

3. The separator according to claim 1 or 2, wherein

the two electrode facing plates and the intermediate plate are bonded together

using a bonding agent.

4. The separator according to claim 3, wherein

the intermediate plate is made of resin, and

the bonding agent is an adhesive.

5. The separator according to claim 3, wherein

the intermediate plate is made of metal, and the bonding agent is a brazing

material.

6. A fuel cell having a stack structure in which a plurality of membrane-electrode

assemblies are stacked with separators interposed therebetween each

membrane-electrode assembly having an electrolyte membrane and electrodes

disposed on both sides thereof, characterized in that:

the separator is the separator according to any one of claims 1 to 5.

7. A separator for use in a fuel cell that has a stack structure in which a plurality

of membrane-electrode assemblies are stacked with the separators interposed

therebetween, each membrane-electrode assembly having an electrolyte membrane

and electrodes disposed on both sides thereof, the separator comprising:

two electrode facing plates that face the respective electrodes of the

membrane-electrode assembly; and

an intermediate plate interposed between the two electrode facing plates,

wherein the two electrode facing plates and the intermediate plate each have:



a first through-hole through which a reaction gas that is supplied to the

membrane-electrode assembly, or a discharge gas that is discharged from the

membrane-electrode assembly, flows in a stacking direction of the stack structure,

the first through-holes of the two electrode facing plates and the intermediate plate

overlapping with each other as viewed in the stacking direction;

one of the two electrode facing plates, and the intermediate plate each have:

a second through-hole through which at least the reaction gas is supplied, or

the discharge gas is discharged, vertically with respect to a surface of the

membrane-electrode assembly, the second through-holes of the one of the two

electrode facing plates and the intermediate plate overlapping with each other when

viewed in the stacking direction;

the intermediate plate has a communication passage for communication

between the first through-hole and the second through-hole in the intermediate

plate; and

a dimension of the communication passage in a direction of a thickness of the

intermediate plate is smaller than the thickness of the intermediate plate.
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