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FUEL CELL 

Technical Field 

This invention generally relates to a fuel cell that has a separator.  

Background Art 

5 In general, a fuel cell is a device that obtains electrical power from fuel, 

hydrogen and oxygen. Fuel cells are being widely developed as an energy supply device 

because fuel cells are environmentally superior and can achieve high energy efficiency.  

The fuel cell has a structure in which a plurality of electrical power generators is 

stacked with a separator being interposed therebetween, the electrical power generator 

10 having a structure in which an anode and a cathode hold an electrolyte therebetween. In 

this structure, a power generating efficiency is degraded when the separators are 

mechanically in touch with each other and are electrically conducted to each other. It is 

therefore necessary to insulate the separators from each other. And so, Patent Document 

I discloses an art where a ceramics layer is provided between the separators with a 

15 brazing material. With the art, it is possible to insulate the separators from each other.  

Patent Document 1: Japanese Patent Application Publication No. 2004-227848 

However, the separators may be electrically conducted to each other when the 

brazing material is out of the layers, because a shape of an outer circumference of the 

separator is the same as that of the ceramics layer in the art disclosed in Patent Document 

20 1.  

Object of the Invention 

It is the object of the present invention to substantially overcome or at least 

ameliorate one or more of the disadvantages of the prior art, or to provide a useful 

alternative.
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Summary of the Invention 

In a first aspect, the present invention relates to a fuel cell comprising a joint 

portion in which a first conductive separator, an electrolyte-strengthening substrate and a 

second conductive separator are jointed in order with a brazing material. The electrolyte

s strengthening substrate is formed so as to be larger than a joint area of the first conductive 

separator and a joint area of the second conductive separator in the joint portion. And the 

electrolyte-strengthening substrate has an insulating property at least at an area where the 

electrolyte-strengthening substrate contacts with the brazing material. The electrolyte

strengthening substrate has an end portion projecting toward outside by a given distance 

10 from an end of the first conductive separator and the second conductive separator.  

A preferred embodiment of the present invention relates to a fuel cell whereby a 

contact is restrained between the brazing material between the electrolyte-strengthening 

substrate and the first conductive separator and the brazing material between the 

electrolyte-strengthening substrate and the second conductive separator, because the 

15 electrolyte-strengthening substrate is formed so as to be larger than the joint area of the 

first conductive separator and the joint area of the second conductive separator in the joint 

portion. It is therefore possible to restrain an electrical short between the first conductive 

separator and the second conductive separator. Accordingly, in the fuel cell in accordance 

with the present invention, it is possible to restrain an electrical short caused by the 

20 brazing material.  

The electrolyte-strengthening substrate may have an insulating layer at one of the 

joint areas. The insulating layer may extend by a given distance from an outside end face 

and from an inner side end face of the insulating layer side one of the first conductive 

separator and the second conductive separator. In this case, it is possible to restrain an 

25 electrical short between the first conductive separator and the second conductive 

separator.  

The electrolyte-strengthening substrate may have an insulating layer formed on 

both faces thereof at the joint portion. In this case, the first separator is insulated from the 

second separator with the insulating layers on the both faces of the electrolyte

30 strengthening substrate. At least one of the insulating layers may be composed of 

electrolyte. In this case, the first separator is insulated from the second separator with the
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electrolyte. And it is not necessary to provide an insulating layer if an electrolyte in a 

power-generating portion of a fuel cell is used. A manufacturing process of the fuel cell 

and manufacturing costs are reduced, 

The insulating layer may be composed of ceramics. And the fuel cell may have a 

5 primer layer between the insulating layer and the electrolyte-strengthening substrate. In 

this case, adhesiveness between the primer layer and the electrolyte-strengthening 

substrate and adhesiveness between the primer layer and the insulating layer are higher 

than adhesiveness between the insulating layer and the electrolyte-strengthening 

substrate. The adhesiveness between the electrolyte-strengthening substrate and the 

io insulating layer is increased. It is therefore possible to restrain a separation between each 

of the layers. Accordingly, the fuel cell in accordance with the present invention can 

generate electrical power stably.  

In a second aspect, the present invention relates to a fuel cell comprising a joint 

portion in which a first conductive separator, an electrolyte-strengthening substrate and a 

is second conductive separator are jointed in order with a conductive adhesive agent. The 

electrolyte-strengthening substrate is formed so as to be larger than a joint area of the first 

conductive separator and a joint area of the second conductive separator in the joint 

portion. And the electrolyte-strengthening substrate has an insulating property at least at 

an area where the electrolyte-strengthening substrate contacts with the conductive 

20 adhesive agent. The electrolyte-strengthening substrate has an end portion projecting 

toward outside by a given distance from an end of the first conductive separator and the 

second conductive separator.  

A preferred embodiment of the present invention relates to a fuel cell whereby a 

contact is restrained between the conductive adhesive agent between the electrolyte

25 strengthening substrate and the first conductive separator and the conductive adhesiveness 

agent between the electrolyte-strengthening substrate and the second conductive 

separator, because the electrolyte-strengthening substrate is formed so as to be larger than 

the joint area of the first conductive separator and the joint area of the second conductive 

separator in the joint portion. It is therefore possible to restrain an electrical short 

30 between the first conductive separator and the second conductive separator. Accordingly, 

in the fuel cell in accordance with the present invention, it is possible to restrain an 

electrical short caused by the conductive adhesive agent.
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Brief Description of the Drawings 
A preferred form of the present invention will now be described, by way of 

example only, with reference to the accompanying drawings, wherein 

FIG 1 illustrates a schematic cross sectional view of a fuel cell in accordance 

5 with a first embodiment of the present invention; 

FIG. 2 illustrates an enlarged cross sectional view of a sealing portion of a fuel
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cell shown in FIG. 1; 

FIG. 3A through FIG. 3D illustrate a manufacturing method of a sealing 

portion of a fuel cell; 

FIG. 4 illustrates a schematic cross sectional view of another example of a 

5 sealing portion; 

FIG. 5A through FIG. 5E illustrate a manufacturing flow diagram accounting 

for a method of a sealing portion; 

FIG. 6 illustrates a schematic cross sectional view of a fuel cell in accordance 

with a second embodiment of the present invention; and 

10 FIG. 7 illustrates an enlarged cross sectional view of a sealing portion of a fuel 

cell shown in FIG. 6.  

BEST MODES FOR CARRYING OUT THE INVENTION 

A description will be given of best modes for carrying out the present 

15 invention.  

(First embodiment) 

FIG. 1 illustrates a schematic cross sectional view of a fuel cell 100 in 

accordance with a first embodiment of the present invention. In this embodiment, a 

hydrogen permeable membrane fuel cell is used as a fuel cell. Here, the hydrogen 

20 permeable membrane fuel cell has a hydrogen permeable membrane. The hydrogen 

permeable membrane is composed of a metal having hydrogen permeability. The 

hydrogen permeable membrane fuel cell has a structure in which an electrolyte having 

proton conductivity is deposited on the hydrogen permeable membrane. Some 

hydrogen provided to an anode is converted into protons with catalyst reaction. The 

25 protons are conducted in the electrolyte having proton conductivity, react with oxygen 

provided to a cathode, and converted into water. Electrical power is thus generated.  

A description will be given of a structure of the fuel cell 100.  

As shown in FIG. 1, the fuel cell 100 has separators I and 8, power collectors 

2 and 7, an electrolyte-strengthening substrate 3, a hydrogen permeable membrane 4, 
30 an electrolyte 5 and a cathode 6. The separator 1 is composed of a conductive 

material such as stainless steal. And a convex portion is formed at a peripheral area 

on an upper face of the separator 1. The power collector 2 is, for example, composed 

of a conductive material such as a SUS430 porous material, a Ni porous material, a Pt

coated A120 3 porous material, or a Pt mesh. The power collector 2 is laminated on a 

35 center area of the separator 1.  

The electrolyte-strengthening substrate 3 is composed of a conductive material
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such as stainless steal and strengthens the hydrogen permeable membrane 4. The 

electrolyte-strengthening substrate 3 is formed on the separator 1 through the convex 

portion of the separator I and the power collector 2. The electrolyte-strengthening 

substrate 3 is jointed to the separator 1. A recess is formed at a center area of an upper 

5 face of the electrolyte-strengthening substrate 3. The hydrogen permeable membrane 

4 is implanted in the recess. The hydrogen permeable membrane 4 acts as an anode to 

which fuel gas is provided, and is composed of a hydrogen permeable metal. A metal 

composing the hydrogen permeable membrane 4 is such as palladium, vanadium, 

titanium, tantalum or the like.  

10 The electrolyte 5 is laminated on the hydrogen permeable membrane 4. The 

electrolyte 5 is, for example, composed of a proton conductor such as a perovskite-type 

proton conductor (BaCeO 3 or the like), a solid acid proton conductor (CsHSO 4 or the 

like). The cathode 6 is, for example, composed of a conductive material such as 

lanthanum cobaltite, lanthanum manganate, silver, platinum, or platinum-supported 

15 carbon, and is laminated on the electrolyte 5.  

The power collector 7 is, for example, composed of a conductive material such 

as a SUS430 porous material, a Ni porous material, a Pt-coated A12 0 3 porous material, 

or a Pt mesh. The power collector 7 is laminated on the cathode 6. The separator 8 

is composed of a conductive material such as stainless steal, and is laminated on the 

20 power collector 7. And a convex portion is formed at a peripheral area of a lower face 

of the separator 8. The separator 8 is jointed to the electrolyte-strengthening substrate 

3 through the convex portion of the separator 8. Hereinafter, ajoint portion between 

the separators 1 and 8 and the electrolyte-strengthening substrate 3 is referred to as a 

sealing portion A. The electrolyte-strengthening substrate 3 has insulating property at 

25 the sealing portion A. Details are described later.  

Next, a description will be given of an operation of the fuel cell 100. A fuel 

gas including hydrogen is provided to a gas passageway of the separator 1. This fuel 

gas is provided to the hydrogen permeable membrane 4 via the power collector 2 and 

the electrolyte-strengthening substrate 3. Some hydrogen in the fuel gas is converted 

30 into protons at the hydrogen permeable membrane 4. The protons are conducted in 

the hydrogen permeable membrane 4 and the electrolyte 5, and get to the cathode 6.  

On the other hand, an oxidant gas including oxygen is provided to a gas 

passageway of the separator 8. This oxidant gas is provided to the cathode 6 via the 

power collector 7. The protons react with oxygen in the oxidant gas provided to the 

35 cathode 6. Water and electrical power are thus generated. The generated electrical 

power is collected via the power collectors 2 and 7 and the separators I and 8.
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In the embodiment, it is restrained that a power generating efficiency of the 

fuel cell 100 is degraded, because the electrolyte-strengthening substrate 3 has an 

insulating property at the sealing portion A. A description will be given of details.  

FIG. 2 illustrates an enlarged cross sectional view of the sealing portion A of 

5 the fuel cell 100 shown in FIG. 1. As shown in FIG. 2, the electrolyte-strengthening 

substrate 3 is fixed to the separator I through an insulating layer 9 and a brazing 

material 11, and is fixed to the separator 8 through an insulating layer 10 and a brazing 

material 12. An end portion of the electrolyte-strengthening substrate 3 is projecting 

toward outside of the fuel cell 100, compared to the end of the separators 1 and 8.  

10 The insulating layers 9 and 10 are composed of an insulating material such as 

A120 3 . And an outer end of the insulating layers 9 and 10 extends from an outer end 

face of the separators I and 8 by a few mm. An inner end of the insulating layers 9 

and 10 extends from an inner end face of the separators 1 and 8 by a few mm. The 

insulating layers 9 and 10 are therefore formed so as to be larger than the joint area 

15 between the separators I and 8 and the electrolyte-strengthening substrate 3.  

Thickness of the insulating layers 9 and 10 is approximately a few tens pm. In the 

embodiment, an electrical short is restrained between the separators I and 8 and the 

electrolyte-strengthening substrate 3, because the insulating layers 9 and 10 are 

provided between the separators I and 8 and the electrolyte-strengthening substrate 3.  

20 The brazing materials 11 and 12 are, for example, made of an Ag-Cu-Ti-based 

brazing material. The brazing materials 11 and 12 act as an adhesive agent fixing the 

separators I and 8 to the electrolyte-strengthening substrate 3. Thickness of the 

brazing materials 11 and 12 is , for example, a few pm.  

A contact between the brazing material 11 and the brazing material 12 is 

25 restrained even if the brazing materials 11 and 12 overflow from between the separators 

I and 8 and the electrolyte-strengthening substrate 3 because of a pressure from the 

separators I and 8 to the electrolyte-strengthening substrate 3, because the insulating 

layer 9 is formed so as to be larger than a joint area between the separator I and the 

electrolyte-strengthening substrate 3 and the insulating layer 10 is formed so as to be 

30 larger than a joint area between the separator 8 and the electrolyte-strengthening 

substrate 3 in the sealing portion A. And even if the brazing materials 11 and 12 are 

melted when the temperature of the fuel cell 100 is increased, a contact between the 

melted brazing material 11 and the melted brazing material 12 is restrained. It is 

therefore possible to restrain an electrical short caused by the brazing material in the 

35 fuel cell 100 in accordance with the embodiment.  

Next, a description will be given of a manufacturing method of the sealing
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portion A of the fuel cell 100. FIG. 3A through FIG. 3D illustrate a manufacturing 

flow diagram accounting for the manufacturing method of the sealing portion A of the 

fuel cell 100. As shown in FIG. 3A, the insulating layer 9 is formed at the peripheral 

area on the lower face of the electrolyte-strengthening substrate 3, and the insulating 

5 layer 10 is formed at the peripheral area on the upper face of the electrolyte

strengthening substrate 3. The insulating layers 9 and 10 may be formed with a 

spraying method, an ion plating method or the like.  

Next, as shown in FIG. 3B, the brazing material 11 is formed under the 

insulating layer 9, and the brazing material 12 is formed on the insulating layer 10.  

10 Then, as shown in FIG. 3C, the insulating layer 9 contacts with the separator I through 

the brazing material 11, and the insulating layer 10 contacts with the separator 8 

through the brazing material 12. Next, the insulating layer 9 is jointed to the separator 

I and the insulating layer 10 is jointed to the separator 8 when the brazing materials 11 

and 12 are subjected to a thermal treatment. With the process, the sealing portion A is 

15 manufactured as shown in FIG. 3D.  

There is a case where the brazing materials 11 and 12 overflow from between 

the separators I and 8 and the insulating layers 9 and 10 when the separators I and 8 

contact with the insulating layers 9 and 10. However, a contact between the 

overflowing brazing material 11 and the overflowing brazing material 12 is restrained, 

20 because the insulating layer 9 is formed so as to be larger than the joint area between 

the separator I and the electrolyte-strengthening substrate 3 and the insulating layer 10 

is formed so as to be larger than the joint area between the separator 8 and the 

electrolyte-strengthening substrate 3 in the sealing portion A.  

FIG. 4 illustrates a schematic cross sectional view of a sealing portion A' being 

25 another example of the sealing portion A. In the sealing portion A', a primer layer 13 

is formed between the electrolyte-strengthening substrate 3 and the insulating layer 9 

and a primer layer 14 is formed between the electrolyte-strengthening substrate 3 and 

the insulating layer 10, being different from the sealing portion A. The primer layers 

13 and 14 are composed of an active metal such as Ag-Cu-Ti alloy or Ag-Ti alloy.  

30 Here, adhesiveness between an active metal and a metal and adhesiveness 

between an active metal and a ceramics are generally higher than that between a 

ceramics and a metal. Adhesiveness is therefore increased between the electrolyte

strengthening substrate 3 and the insulating layers 9 and 10, because the primer layers 

13 and 14 are formed between the electrolyte-strengthening substrate 3 and the 

35 insulating layers 9 and 10 in the embodiment. It is therefore possible to restrain a 

separation between each of the layers in the fuel cell 100. Accordingly, the fuel cell
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100 in accordance with the embodiment can generate electrical power stably.  

Next, a description will be given of a manufacturing method of the sealing 

portion A'. FIG. 5A through FIG. 5E illustrate a manufacturing flow diagram 

accounting for the manufacturing method of the sealing portion A'. As shown in FIG.  

5 5A, the primer layer 13 is formed at the peripheral area on the lower face of the 

electrolyte-strengthening substrate 3, and the primer layer 13 is formed at the peripheral 

area on the upper face of the electrolyte-strengthening substrate 3. The primer layers 

13 and 14 may be formed with a physical vapor deposition method or the like.  

Next, as shown in FIG. 5B, the insulating layer 9 is formed under the primer 

10 layer 13, and the insulating layer 10 is formed on the primer layer 14. Then, as shown 

in FIG. 5C, the brazing material 11 is formed under the insulating layer 9, and the 

brazing material 12 is formed on the insulating layer 10. Next, as shown in FIG. 5D, 
the insulating layer 9 contacts with the separator I through the brazing material 11, and 

the insulating layer 10 contacts with the separator 8 through the brazing material 12.  

15 Then, the insulating layer 9 is jointed to the separator I and the insulating layer 10 is 

jointed to the separator 8 when the brazing materials 11 and 12 are subjected to a 

thermal treatment. With the process, the sealing portion A' is manufactured as shown 

in FIG. 5E.  

(Second embodiment) 

20 FIG. 6 illustrates a schematic cross sectional view of a fuel cell I 00a in 

accordance with a second embodiment of the present invention. The fuel cell I 00a 

has an electrolyte 5a instead of the electrolyte 5, being different from the fuel cell 100 

in FIG. 1. The electrolyte 5a is formed so as to cover the upper face of the electrolyte

strengthening substrate 3. The electrolyte 5a is composed of a material as same as 

25 that of the electrolyte 5. In the embodiment, the electrolyte-strengthening substrate 3 

is insulated from the separator 8 with the electrolyte 5a.  

FIG. 7 illustrates an enlarged cross sectional view of the sealing portion B of 

the fuel cell I 00a shown in FIG. 6. The sealing portion B is different from the sealing 

portion A in a point that the electrolyte 5a is provided instead of the insulating layer 10.  

30 As shown in FIG. 7, the electrolyte 5a is formed to an end of the electrolyte

strengthening substrate 3. The electrolyte 5a insulates the electrolyte-strengthening 

substrate 3 from the separator 8, because the electrolyte 5a is composed of an insulating 

material.  

The electrolyte 5a may be coated on the electrolyte-strengthening substrate 3 

35 and on the hydrogen permeable membrane 4 with a sputtering method or with a laser.  

In the embodiment, the manufacturing process is shorter than a case where the
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electrolyte 5 and the insulating layer 10 are formed separately, because the electrolyte 

5a is used as the insulating layer. A manufacturing cost of the fuel cell 100a is 

therefore reduced.  

In the first embodiment and the second embodiment, the separator 1 

5 corresponds to the first conductive separator; the separator 8 corresponds to the second 

conductive separator; the sealing portions A and B correspond to the joint portion; and 

the brazing materials 11 and 12 correspond to the conductive adhesive agent.  

The first embodiment and the second embodiment may be combined. For 

example, a primer layer may be formed between the electrolyte 5a and the electrolyte

10 strengthening substrate 3 in the second embodiment. The present invention may be 

applied to another type of a fuel cell having an electrolyte-strengthening substrate, 

although the present invention is applied to a hydrogen permeable membrane fuel cell 

in the first embodiment and the second embodiment. A description is given of a joint 

at the peripheral portion of the electrolyte-strengthening substrate in the first 

15 embodiment and the second embodiment. However, it is not limited to the joint 

position. For example, the present invention may be applied to a position where a 

separator at a manifold portion is jointed to an electrolyte-strengthening substrate.
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The claims defining the invention are as follows: 

1. A fuel cell comprising: 

a joint portion in which a first conductive separator, an electrolyte-strengthening 

substrate and a second conductive separator are jointed in order with a brazing material, 

5 wherein: 

the electrolyte-strengthening substrate is formed so as to be larger than a joint 

area of the first conductive separator and a joint area of the second conductive separator 

in the joint portion; 

the electrolyte-strengthening substrate has an insulating property at least at an 

10 area where the electrolyte-strengthening substrate contacts with the brazing material; and 

the electrolyte-strengthening substrate has an end portion projecting toward 

outside by a given distance from an end of the first conductive separator and the second 

conductive separator.  

is 2. The fuel cell as claimed in claim 1, wherein: 

the electrolyte-strengthening substrate has an insulating layer at one of the joint 

areas; and 

the insulating layer extends by a given distance from an outside end face and 

from an inner side end face of the insulating layer side one of the first conductive 

20 separator and the second conductive separator.  

3. The fuel cell as claimed in any one of claims 1 or 2, wherein the 

electrolyte-strengthening substrate has an insulating layer formed on both faces thereof at 

the joint portion.  

25 

4. The fuel cell as claimed in any one of claims 2 or 3, wherein at least one 

of the insulating layers is composed of electrolyte.  

5. The fuel cell as claimed in any of claims 2 to 4, wherein: 

30 the insulating layer is composed of ceramics; and 

the fuel cell has a primer layer between the insulating layer and the electrolyte

strengthening substrate.
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6. A fuel cell comprising: 

a joint portion in which a first conductive separator, an electrolyte-strengthening 

substrate and a second conductive separator are jointed in order with a conductive 

adhesive agent, 

5 wherein: 

the electrolyte-strengthening substrate is formed so as to be larger than a joint 

area of the first conductive separator and a joint area of the second conductive separator 

in the joint portion; 

the electrolyte-strengthening substrate has an insulating property at least at an 

10 area where the electrolyte-strengthening substrate contacts with the conductive adhesive 

agent; and 

the electrolyte-strengthening substrate has an end portion projecting toward 

outside by a given distance from an end of the first conductive separator and the second 

conductive separator.  

15 

7. A fuel cell substantially as hereinbefore described with reference to 

Figures 1 to 5E or 6 and 7 of the accompanying drawings.  

Dated 19 December, 2007 
Toyota Jidosha Kabushiki Kaisha 

20 Patent Attorneys for the Applicant/Nominated Person 

SPRUSON & FERGUSON
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