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(57) ABSTRACT 

(73) AssigneeZ Canon Kabushiki Kaisha> Tokyo A fuel cell With a shutoff device is provided. The substance 
(JP) shutoff device is for shutting doWn the communication of at 

least one of an in?ammable substance and an oxidizer When 
21 A 1. No.: 11/833 194 the in?ammable substance and the oxidizer are brou ht into PP , g 

contact With each other to thereby prevent further contact 
(22) Filed: Aug 2 2007 between the in?ammable substance and the oxidizer. The 

a substance shutoff device comprises a catalyst portion pro 
. . vided in contact With one of an in?ammable substance ?oW 

Related U's' Apphcatlon Data path and an oxidizer ?oW path; and a shutoff means, Which 

(60) Division of application No, 11/329,028, ?led on Jan operates by heating through a reaction between the in?am 
11, 2006, noW Pat. No. 7,309,022, Which is a continu 
ation of application No. PCT/JP2005/012167, ?led on 
Jun. 24, 2005. 
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FUEL CELL WITH SHUTOFF DEVICE 

[0001] This application is a division of application Ser. No. 
11/329,028, ?led Jan. 11, 2006, Which is a continuation of 
International Application No. PCT/JP2005/012167, ?led Jun. 
24, 2005, Which claims the bene?t of Japanese Patent Appli 
cation No. 2004-194790, ?led Jun. 30, 2004. All prior appli 
cations are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to a substance shutoff 
device for shutting doWn the communication of an in?am 
mable substance or oxidizer, and to a fuel cell provided With 
means for shutting doWn the communication of a fuel or 
oxidizer. 
[0004] 2. Related BackgroundArt 
[0005] A conventional leak detection/ shutoff device for an 
in?ammable gas is constructed With a detection mechanism 
for detecting a gas leak; a control mechanism for giving an 
order to shut doWn the gas based on detection signals; and 
shutoff means for shutting doWn the gas. The mechanisms 
and the means are each driven by receiving energy, such as 
electricity, supplied from outside of the device. 
[0006] MeanWhile, an example of an in?ammable gas 
detection mechanism is a device employing a semiconductor 
device. Another example thereof is a device disclosed in 
Japanese Patent Application Laid-Open No. 2004-028749, in 
Which heat generated by combustion of an in?ammable gas in 
a catalyst portion is converted into a voltage signal through a 
thermoelectric conversion effect, Which is used as a detection 
signal. Further, as a gas shutoff means, there is often 
employed a valve, Which opens/closes by using electricity, 
such as an electromagnetic valve. A method is also employed 
in Which the gas shutoff operates by heat. Examples of the 
heat operated gas shutoff means include a fuse mechanism 
disclosed in Japanese Patent Application Laid-Open No. 
2000-002354, in Which a bearing member loses a bearing 
poWer by heat so that a valve member seats on a valve seat, 
and a device disclosed in Japanese Patent Application Laid 
Open No. H07-071634, in Which a substance, Which has 
softened to deform or has become a viscous ?uid by heat, ?lls 
in pores of a heat resistant porous material to close a gas ?oW 
path. Japanese Patent Application Laid-Open No. 2000 
046219 discloses a pressure regulator provided With a thermal 
fuse. Further, an example of a device, Which uses heat of 
catalytic combustion to operate shutoff means for a gas ?oW 
path, is a catalytic combustion hot air device disclosed in 
Japanese Patent Application Laid-Open No. H06-154022. 
[0007] MeanWhile, as disclosed in Japanese Patent Appli 
cation Laid-Open No. H08-315847, a fuel cell is provided 
With a fuel detection sensor as a safety measure against a fuel 
leak. The fuel cell is provided With a shutoff means for shut 
ting doWn the supply of a fuel to a fuel cell body When the fuel 
leaks, or a discharge means for discharging the fuel out of a 
case. Further, examples of fuel detection for a fuel cell that 
have been attempted include a method involving fuel detec 
tion by deterioration in poWer generation characteristics of a 
fuel cell, and a method involving mixing of an odorant sub 
stance or a detecting substance, such as helium, in a gaseous 
fuel. In addition, an electromagnetic valve or the like is used 
for fuel shutoff means. 
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[0008] HoWever, the conventional detection means for an 
in?ammable substance involves conversion of a detection 
signal into an electrical signal for processing, and thus 
requires a processing circuit and a poWer source for driving 
the processing circuit. Further, the shutoff means employing 
an electromagnetic valve or the like requires a poWer source 
for driving the valve. Further, the shutoff means that operates 
by heat is mostly used for preventing the heating of a system, 
and no shutoff means is directly connected to a detection 
mechanism for a leaking sub stance. Moreover, those systems 
each have problems in that have a complicated structure and 
a large siZe. 
[0009] Until noW, no fuel cell has utiliZed heat generation 
associated With catalytic combustion for the detection of a 
fuel leak. Further, no fuel cell has utiliZed heat generation 
associated With catalytic combustion in a poWer generation 
cell of a fuel cell for the detection of a fuel leak. Moreover, no 
fuel cell has utiliZed a shutoff means driven by heat for shut 
ting doWn a leaking substance. 

SUMMARY OF THE INVENTION 

[0010] It is, therefore, an object of the present invention to 
provide an in?ammable substance shutoff device With a 
simple structure, Which is driven Without the use of drive 
energy, such as electricity, to shut doWn the communication 
of an in?ammable substance or oxidiZer. 
[0011] It is another object of the present invention to pro 
vide a fuel cell that can shut doWn the communication of a fuel 
or an oxidiZer Without the use of drive energy, such as elec 
tricity. 
[0012] That is, according to one aspect of the present inven 
tion, there is provided a substance shutoff device for shutting 
doWn the communication of at least one of an in?ammable 
substance and an oxidiZer When the in?ammable substance 
and the oxidiZer are brought into contact With each other, 
thereby preventing the continuation of the contact betWeen 
the in?ammable substance and the oxidiZer. The substance 
shutoff device comprises: 
[0013] a catalyst portion provided in one of an in?ammable 
substance ?oW path and an oxidiZer ?oW path; and 
[0014] a shutoff means, Which operates by heat generated 
accompanying a reaction betWeen the in?ammable substance 
and the oxidiZer in the catalyst portion to shut doWn the 
communication of at least one of the in?ammable substance 
and the oxidiZer. 
[0015] The catalyst portion may be provided in the in?am 
mable substance ?oW path or the oxidiZer ?oW path, or may 
be provided in contact With a Wall surface of one of the 
in?ammable substance ?oW path and the oxidiZer ?oW path. 
Further, the expression “prevent continuation of contact 
betWeen an in?ammable substance and an oxidiZer” is 
intended to encompass not only a case Where the contact is 
immediately cut off (or broken), but also a case Where the 
contact is cut off (or broken) after a certain period of time. 
[0016] According to another aspect of the present inven 
tion, there is provided a fuel cell comprising: 
[0017] a cell portion comprising a fuel electrode for being 
supplied With a fuel, an oxidiZer electrode for being supplied 
With an oxidiZer, and an ionic conductor provided betWeen 
the fuel electrode and the oxidiZer electrode; 
[0018] a fuel ?oW path; 
[0019] an oxidiZer ?oW path; 
[0020] a detection means, Which generates heat by contact 
betWeen the oxidiZer and the fuel; and 
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[0021] a shutoff means provided in at least one of the fuel 
?ow path and the oxidizer ?ow path and thermally coupled to 
the detection means, for shutting down the communication of 
at least one of the fuel and the oxidizer based on the heat 
generation of the detection means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a schematic view showing an example of 
the substance shutoff device in accordance with the present 
invention; 
[0023] FIG. 2 is a schematic view showing another example 
of the substance shutoff device in accordance with the present 
invention; 
[0024] FIG. 3 is a schematic view showing still another 
example of the substance shutoff device in accordance with 
the present invention; 
[0025] FIG. 4 is a schematic view showing yet another 
example of the substance shutoff device in accordance with 
the present invention; 
[0026] FIG. 5 is a schematic view showing still yet another 
example of the substance shutoff device in accordance with 
the present invention; 
[0027] FIG. 6 is a schematic view showing an example of 
the fuel cell in accordance with the present invention; 
[0028] FIG. 7 is a schematic diagram showing an example 
of a fuel cell system in accordance with the present invention; 
[0029] FIG. 8 is a sectional view showing a diffusion layer 
of a fuel cell; 
[0030] FIG. 9 is a sectional view showing a diffusion layer 
of a fuel cell provided with a shutoff means in accordance 
with the present invention; 
[0031] FIG. 10 is a sectional view showing a diffusionlayer 
of a fuel cell provided with a shutoff means having diffusibil 
ity in accordance with the present invention; 
[0032] FIG. 11 is a sectional view showing a catalyst layer 
of a fuel cell; 
[0033] FIG. 12 is a sectional view showing a catalyst layer 
of a fuel cell provided with a shutoff means having electronic 
conductivity in accordance with the present invention; and 
[0034] FIG. 13 is a sectional view showing a catalyst layer 
of a fuel cell provided with a shutoff means having ionic 
conductivity in accordance with the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0035] The in?ammable substance shutoff device of the 
present invention is capable of detecting and shutting down a 
leak of an in?ammable substance and can therefore be uti 
lized, for example, in a fuel cell. 
[0036] The present invention can provide an in?ammable 
substance shutoff device capable of reducing the use of a 
drive source such as electricity and shutting down leak of an 
in?ammable substance or oxidizer with a simple construc 
tion. 
[0037] Further, the present invention can provide a small 
and highly safe fuel cell provided with a means for shutting 
down a leak of a fuel or oxidizer. 

[0038] The substance shutoff device of the present inven 
tion is for shutting down the communication of at least one of 
an in?ammable substance and an oxidizer when the in?am 
mable substance and the oxidizer are brought into contact 
with each other, thereby preventing the continuation of the 
contact between them, and is characterized by having a cata 
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lyst portion provided in one of an in?ammable substance ?ow 
path and an oxidizer ?ow path and a shutoff means, which 
operates by heat generated by a reaction between the in?am 
mable substance and the oxidizer in the catalyst portion to 
shut down the communication of at least one of the in?am 
mable substance and the oxidizer. In other words, the sub 
stance shutoff device of the present invention can be 
described as a substance shut off device for shutting down at 
least one of an in?ammable substance and an oxidizer when 
the in?ammable substance and the oxidizer are brought into 
contact with each other to thereby prevent (or cut off) the 
contact, which comprises a catalyst portion provided so as to 
be brought into contact with one of an in?ammable substance 
and an oxidizer; and a shut off means, which operates by heat 
generated as a result of a reaction between the in?ammable 
sub stance and the oxidizer in the catalyst portion to shut down 
the communication of at least one of the in?ammable sub 
stance and the oxidizer. 

[0039] Further, the fuel cell of the present invention is char 
acterized by having a cell portion comprising a fuel electrode 
for being supplied with a fuel, an oxidizer electrode for being 
supplied with an oxidizer, and an ionic conductor provided 
between the fuel electrode and the oxidizer electrode; a fuel 
?ow path; an oxidizer ?ow path; a detection means, which 
generates heat by contact between the oxidizer and the fuel; 
and a shutoff means provided in at least one of the fuel ?ow 
path and the oxidizer ?ow path and thermally coupled to the 
detection means, for shutting down the communication of at 
least one of the fuel and the oxidizer based on the heat gen 
eration of the detection means. 

[0040] Incidentally, the term “communication” as herein 
employed is intended to embrace any action of one of the 
in?ammable substance (or fuel) and the oxidizer coming into 
contact with the other, including ?ow or movement. 

[0041] Further, the term “oxidizer ?ow pat as herein 
employed is intended to embrace not only a space enclosed by 
a wall, such as a rectangular parallelepiped shape, but also an 
open space, such as the atmosphere (ambient air) existing 
outside of the substance shutoff device or outside of the fuel 
cell. 

[0042] Further, the shutoff means of the present invention 
operates without the use of electrical signals. 
[0043] The present invention has been accomplished on the 
assumption of a system provided with an in?ammable sub 
stance ?ow path or a fuel ?ow path (alternatively, an in?am 
mable substance ?ow path or a fuel ?ow path, and an oxidizer 
?ow path), such that the in?ammable substance or fuel and 
the oxidizer are not brought into contact with each other in a 
normal state. 

[0044] In the present invention, it is preferred that the shut 
off means for the fuel cell shuts down the communication of 
an in?ammable substance. 

[0045] Further, in the present invention, it is preferred that 
the shutoff means for the fuel cell shuts down the communi 
cation of a fuel. 

[0046] Hereinafter, preferable embodiments of the shutoff 
device and fuel cell of the present invention will be enumer 
ated. 

[0047] It is preferred that the in?ammable substance com 
prise hydrogen. 
[0048] It is preferred that the oxidizer comprise oxygen. 
[0049] It is preferred that the catalyst portion comprises 
platinum. 



US 2008/0254331 A1 

[0050] It is preferred that a heat transfer means be provided 
between the catalyst portion and the shutoff means. 
[0051] It is preferred that the shutoff means comprise a 
material, Which softens, becomes a viscous ?uid, or foams by 
heat. Further, it is preferred that this material also be porous. 
[0052] It is preferred that the shutoff means comprise a 
member comprising a ?rst material, Which softens, becomes 
a viscous ?uid, or foams by heat, and a surface of the member 
be covered With a second material having a composition 
different from the composition of the ?rst material. 
[0053] It is preferred that the shutoff means comprise a 
bimetal or a shape memory alloy. The term “bimetal” herein 
employed refers to a material made by bonding together tWo 
kinds of thin metal sheets having different coe?icients of 
thermal expansion. 
[0054] It is preferred that the shutoff means comprise a 
valve member, Which loses bearing poWer by heat to seat on 
a valve seat. 

[0055] It is preferred that the shutoff means comprise a 
porous member. 
[0056] Hereinafter, preferable embodiments of the fuel cell 
of the present invention Will be discussed. 
[0057] It is preferred that the substance shutoff device be 
provided in a catalyst layer of the fuel cell, and that the shutoff 
means of the substance shutoff device comprises a material, 
Which softens, becomes a viscous ?uid, or foams by heat. 
[0058] It is preferred that the shutoff means comprise a 
material having electronic conductivity. 
[0059] It is preferred that the shutoff means have a fuel cell 
catalyst on a surface thereof. 
[0060] It is preferred that the shutoff means comprise a 
material having ionic conductivity. 

EXAMPLES 

Example 1 

[0061] Substance shutoff devices in accordance With the 
present invention Will be described With reference to the 
accompanying draWings. 
[0062] The folloWing substance shutoff devices are capable 
of shutting doWn the communication of an in?ammable sub 
stance or oxidiZer. 

[0063] FIG. 1 is a schematic vieW shoWing a substance 
shutoff device in Which a material, Which softens to deform, 
or becomes a viscous ?uid by heat, is used as a shutoff means. 

[0064] FIG. 2 is a schematic vieW shoWing a substance 
shutoff device in Which a material, Which softens to deform or 
becomes a viscous ?uid by heat, is used as a shutoff means, 
and a heat resistant porous material is provided in the vicinity 
thereof. 
[0065] FIG. 3 is a schematic vieW shoWing a substance 
shutoff device in Which a member made of a shape memory 
alloy or a bimetal is used as a shutoff means. 

[0066] FIG. 4 is a schematic vieW shoWing a substance 
shutoff device in Which a valve member, Which seats on a 
valve seat by heat, is used as a shutoff means. 

[0067] FIG. 5 is a schematic vieW shoWing a substance 
shutoff device in Which a substance detection portion and a 
shutoff means are provided distant from each other. 

[0068] The term “in?ammable substance” herein 
employed refers to an in?ammable gas, such as hydrogen or 
hydrocarbon, and an in?ammable liquid, such as methanol or 
ether. 
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[0069] Further, examples of the oxidiZer include oxygen 
containing substances, such as air and oxygen. 
[0070] In the present example, a case is described Where an 
in?ammable gas (hydrogen) is used as the in?ammable sub 
stance and air is used as the oxidiZer. HoWever, the present 
invention is not limited to the use of hydrogen and air. 
[0071] In a case Where a catalyst portion for leak detection 
is provided in an in?ammable substance ?oW path of the 
substance shutoff device of the present invention, air diffus 
ing and entering through a leak portion of the in?ammable gas 
is mixed With the in?ammable gas, thereby causing a catalytic 
combustion reaction in the catalyst portion. Alternatively, in a 
case Where a catalyst portion for leak detection is provided 
outside of the in?ammable substance ?oW path of the sub 
stance shutoff device of the present invention, the leaked 
in?ammable gas is mixed With air, thereby causing a catalytic 
combustion reaction in the catalyst portion. Platinum may be 
used as a catalyst. In a case Where a gas that is used contains 
a substance that damages platinum, such as carbon monoxide, 
a catalyst comprising ruthenium is effectively used. When a 
catalytic combustion reaction takes place, the catalyst portion 
generates heat. The heat generation causes the shutoff means 
(means for shutting doWn communication of a gas in this 
example, Which is hereinafter referred to as “gas shutoff 
means”) to operate. 
[0072] Examples of the gas shutoff means include the fol 
loWing. 
[0073] First, as shoWn in FIG. 1, in a state Where a gas ?oW 
103 of an in?ammable substance or oxidiZer is ensured in a 
?oW path 102, a material 111, Which softens to deform or 
becomes a viscous ?uid by heat, is provided at a rear side of 
and in contact With a catalyst 101 in the ?oW path 102. 
Examples of the material that softens to deform or becomes a 
viscous ?uid by heat include loW melting point metals and 
thermoplastic resins. Examples of the loW melting point met 
als include metals, such as tin, indium, selenium, lead, and 
bismuth, and alloys containing them. Examples of the ther 
moplastic resins include polyethylene, polypropylene, and 
polyoctene. Further, a member that foams by heat, such as a 
mixture of sodium silicate and an epoxy resin, may also be 
used. In a case Where the loW melting point metal is used, the 
loW melting point metal may be coated on its surface to 
prevent corrosion. Examples of the coating material that can 
be used include carbon, noble metals, such as gold, silver, and 
platinum, ceramics, and organic materials. In particular, in a 
case Where platinum is used as the coating material, the 
resulting structure may be used also as a catalyst for leak 
detection. 
[0074] As a method of ensuring the gas ?oW, there may be 
included a method of forming the material, Which softens to 
deform or becomes a viscous ?uid by heat, into a porous 
member and providing the porous member in the ?oW path, or 
a method of partly providing the material Which softens to 
deform or becomes a viscous ?uid in the ?oW path, as shoWn 
in FIG. 1. The same applies to the catalyst 101. The material, 
Which softens to deform or becomes a viscous ?uid by heat, 
melts due to heat generated by a catalytic combustion reaction 
to close the ?oW path, thereby shutting doWn the gas. 
[0075] Secondly, When a heat resistant porous material 112 
is provided adjacent to a material 111, Which softens to 
deform or becomes a viscous ?uid by heat, as shoWn in FIG. 
2, the material 111 can soften to deform or become a viscous 
?uid by heat to ?ll in the pores of the porous material 112, 
thereby shutting doWn the gas. In this case, the method of 
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ensuring gas ?oW described above for the con?guration 
shown in FIG. 1 can also be adopted. Further, the material, 
Which softens to deform or becomes a viscous ?uid by heat, 
may be subjected to a surface coating to thereby impart con 
ductivity or electrical insulating property to the surface, or to 
control the Wettability of the surface. 
[0076] Moreover, as shoWn in FIG. 3, another gas shutoff 
means may be employed in Which a stop valve 121 using a 
shape memory alloy or a bimetal is provided in contact With 
a catalyst 101. The stop valve 121 has a mechanism such that 
it is normally open, but closes by heat generated by a catalytic 
combustion reaction to close the ?oW path, thereby shutting 
doWn the gas. 
[0077] Moreover, as shoWn in FIG. 4, another method of 
shutting doWn the communication of a gas may be employed 
in Which a valve member 131 is provided and a bearing 
portion 132 for bearing the valve member 131 is further 
provided in contact With a catalyst 101, and the bearing por 
tion 132 deforms by heat generated by a catalytic combustion 
reaction at the catalyst 101. Thus, the valve member 131 
enters into the ?oW path 102 and is forced by the gas ?oW to 
sit on the valve seat having a hole at the central portion 
provided in the ?oW path 102, thereby shutting doWn the gas. 
A bimetal, a shape memory alloy, a material that softens to 
deform or becomes a viscous ?uid by heat, or the like, may be 
used for the bearing portion. 
[0078] Further, as shoWn in FIG. 5, in a case Where a gas 
leak detection portion (Where a catalyst 101 is provided) and 
a gas shutoff portion 15 are provided distant from each other, 
the catalyst 101 and the gas shutoff portion 15 are connected 
via a material 141 having a high thermal conductivity. Thus, 
heat of a catalyst reaction at the catalyst 101 can e?iciently be 
transferred to the gas shutoff portion 15. The material having 
a high thermal conductivity preferably has a high melting 
point, and examples thereof include metals, such as gold, 
silver, copper, stainless steel, and aluminum, alumina, sili 
con, and thermally conductive polymers. 
[0079] By adopting the above-described construction, 
When an in?ammable gas leaks, the gas shutoff means can be 
operated by using the heat of a catalyst reaction to shut doWn 
the gas leakage. 

Example 2 

[0080] Description is made of the case Where the shutoff 
means of the present invention is provided in a fuel ?oW path 
or oxidizer ?oW path of a fuel cell. 
[0081] First, a construction of a fuel cell is described by 
taking a polymer electrolyte fuel cell as an example. FIG. 6 is 
a schematic vieW of the fuel cell, and FIG. 7 is a schematic 
diagram of a fuel cell system. Next, a poWer generation pro 
cess of the fuel cell Will be described. A fuel stored in a fuel 
tank 23 is supplied to a fuel electrode (anode) 213 through a 
fuel ?oW path 24. As the fuel, there is generally used an 
in?ammable gas, such as hydrogen or hydrocarbon, or a 
liquid fuel, such as methanol or ether. Meanwhile, an oxidiZer 
is supplied to an oxidiZer electrode (cathode) 211. The oxi 
diZer is generally air, oxygen, or the like. In particular, When 
ambient air is used as the oxidiZer, it is supplied through air 
holes 22. An oxidiZer may be supplied from a tank holding the 
oxidiZer instead of from ambient air. 
[0082] Hereinafter, the description is made of the case 
Where hydrogen is used as the fuel, and air is used as the 
oxidiZer. HoWever, the present invention is not limited to the 
use of hydrogen and air. 
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[0083] The fuel and the oxidiZer pass through diffusion 
layer 271 and 272, respectively, and the fuel reacts at a cata 
lyst provided in the fuel electrode 213 While the oxidiZer 
reacts at a catalyst provided in the oxidiZer electrode 211. 
During the reaction, ions pass through a (polymer) electrolyte 
membrane 212, and electrons are guided to the electrode 25 
and are taken out as electricity. In the reactions, the fuel and 
the oxidiZer generally do not mix and undergo reactions at the 
respective electrodes. HoWever, if the electrolyte membrane 
breaks to cause fuel leak, the fuel and the oxidiZer may cause 
a catalytic combustion reaction on the catalyst. Further, other 
components may break to cause a leak of the fuel to the 
outside. The fuel cell generates heat during poWer generation, 
and generally reaches a temperature of about 40 to 80° C. in 
room-temperature environment. MeanWhile, heat generation 
caused by mixing of the fuel and the oxidiZer for catalytic 
combustion may raise the temperature of the fuel cell to above 
100° C., depending on the mixing ratio of the fuel and the 
oxidiZer. 

[0084] In the present example, the substance shutoff means 
described in Example 1 is provided in at least one of a fuel 
?oW path and an oxidiZer ?oW path. Further, the substance 
shutoff means may be disposed at a valve or the like provided 
in a ?oW path, thus enabling the valve to be closed to thereby 
shut doWn the gas. As the detection means for detecting a fuel 
leak, a member may be employed, Which generates heat by a 
contact betWeen the oxidiZer and the fuel. For example, a 
catalyst portion, Which generates heat upon the reaction 
betWeen the oxidiZer and the fuel, may be used. In a case 
Where the catalyst portion is used as the detection means, a 
catalyst layer of a fuel cell may be used as the catalyst portion, 
or another catalyst portion may be provided separately from 
the catalyst layer of the fuel cell. The detection means and the 
shutoff means are thermally bonded by bringing the detection 
means and the shutoff means into contact With each other, or 
using a heat transfer means, Which connects the detection 
means and the shutoff means. In a case Where the catalyst 
portion for leak detection and the gas shutoff portion as the 
shutoff means are provided distant from each other, the cata 
lyst portion and the gas shutoff portion are preferably con 
nected through a member having a high thermal conductivity. 
When the fuel leaks, a mixture of the fuel and the oxidiZer are 
brought into contact With a catalyst portion for leak detection 
to thereby cause a catalytic combustion reaction. The gas 
shutoff means operates by heat generation associated with the 
catalytic combustion reaction, thereby shutting doWn the fuel. 
[0085] In a case Where the shutoff means is provided in a 
fuel ?oW path, if the catalyst portion is provided outside of the 
fuel ?oW path, the shutoff means operates based on heat 
generation of the catalyst portion by a reaction betWeen the 
fuel leaked to the outside of the fuel ?oW path and the oxidiZer 
to thereby shut doWn the communication of the fuel. Altema 
tively, if the catalyst portion is provided in the fuel ?oW path, 
the shutoff means operates based on heat generation of the 
catalyst portion by a reaction betWeen the fuel and the oxi 
diZer entering into the fuel ?oW path to thereby shut doWn the 
communication of the fuel. In this Way, a continued fuel leak 
to the outside of the fuel ?oW path can be prevented. 

[0086] MeanWhile, in a case Where the shutoff means is 
provided in an oxidiZer ?oW path, When fuel leaks from the 
fuel ?oW path and enters into the oxidiZer ?oW path, the 
shutoff means operates based on heat generation of the cata 
lyst portion by a reaction betWeen the leaked fuel and the 
oxidiZer to thereby shut doWn the communication of the 
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oxidizer. In this Way, the oxidizer ?oW path is shut doWn to 
thereby prevent continuation of in?oW of the fuel into the 
oxidizer ?oW path. 

[0087] Further, there are sometimes cases Where in order to 
improve poWer generation characteristics of a fuel cell, an 
oxidizer gas is partly mixed into a fuel gas to operate the fuel 
cell. However, because the heat of catalytic combustion gen 
erated by the fuel leak causes an operation at higher tempera 
tures than that during a normal operation, an operation involv 
ing fuel leak and a normal operation can be detected 
distinguishably, so that the present invention is effective in 
this case as Well. 

Example 3 

[0088] Description is made of the case Where an in?am 
mable substance shutoff device of the present invention is 
provided in a diffusion layer of a fuel cell. 

[0089] As shoWn in FIG. 8, a fuel cell generally has a 
diffusion layer 27 outside of a catalyst layer 28. First, a 
diffusion electrode layer exists in contact With a catalyst. A 
carbon porous member is preferably used as the diffusion 
electrode layer. Further, a current collecting layer having 
diffusibility or an electrical insulating layer having diffusibil 
ity for effecting electrical insulation may additionally be pro 
vided outside the diffusion electrode layer. For the diffusion 
collecting layer, a metal foam, processed metal or processed 
carbon may be used, While for the diffusion electrical insu 
lating layer, a plastic material may be used. 

[0090] In the present example, as shoWn in FIG. 9, a mem 
ber 31 made of a material that softens to deform or becomes 

a viscous ?uid by heat is further provided outside the diffu 
sion layers. Alternatively, as shoWn in FIG. 10, a diffusion 
layer 32 made of a porous material that softens to deform or 
becomes a viscous ?uid by heat may be used as a conductive 
or electrical insulating member having diffusibility. 
Examples of the conductive material include metals, such as 
tin, indium, selenium, lead, and bismuth, and alloys contain 
ing them. A material prepared by mixing a conductive sub 
stance into a thermoplastic resin may also be used. These loW 
melting point metals may be subjected to surface coating for 
protecting the metal from corrosion. MeanWhile, examples of 
the electrically insulating material include compounds, such 
as polyethylene, polypropylene, and polyoctene. A member 
that foams by heat, such as a mixture of sodium silicate and an 
epoxy resin, may also be used. 

[0091] The surface of the material that softens to deform or 
becomes a viscous ?uid by heat may be coated to become 
electrically conducting or insulating. Further, the surface 
coating alloWs the Wettability to be controlled. As a catalyst 
for detecting a gas leak, a catalyst layer of a fuel cell may be 
used, or another catalyst layer may be provided separately 
from the catalyst layer of the fuel cell. If fuel leakage occurs 
due to the breakage of an electrolyte membrane or the like, air 
and the fuel may react at a catalyst portion for detecting fuel 
leak to thereby cause catalytic combustion. A diffusion mem 
ber made of the loW melting point material melts by heat 
generation associated With the catalytic combustion to clog 
the diffusion layer. This results in the shut doWn of the fuel 
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leak and/or prevention of the contact of a mixed gas of the 
leaked fuel and ambient air With the fuel cell catalyst. 

Example 4 

[0092] Description is made of the case Where an in?am 
mable substance shutoff device of the present invention is 
provided in a catalyst layer of a fuel cell. 
[0093] As shoWn in FIG. 11, a catalyst layer ofa fuel cell 
generally has a structure in Which a catalyst 41 is disposed on 
an electrolyte membrane 212. The catalyst layer is formed of 
a porous member or ?ne particles in order to assure diffus 
ibility of a fuel or oxidizer and is electrically connected to a 
gas diffusion electrode. Further, the catalyst layer may be 
mixed With an electrolyte 42 in order to effectively form an 
ion path, or the catalyst layer may be formed of catalyst ?ne 
particles 41 carried on carrier particles 43, such as carbon, in 
order to improve the utilization ef?ciency of the catalyst. 
[0094] In the present example, catalyst ?ne particles are 
mixed With a member made of a material that softens to 
deform or becomes a viscous ?uid by heat to thereby form a 
catalyst layer. If the electrolyte membrane breaks to cause 
fuel leakage, a catalytic combustion reaction Will take place at 
the fuel cell catalyst. This raises the temperature of the cata 
lyst layer, so that the above member softens or becomes a 
viscous ?uid to cover the catalyst layer. Thus, the catalytic 
combustion Will stop. 
[0095] The material that softens to deform or becomes a 
viscous ?uid by heat may have at least one of electronic 
conductivity and ionic conductivity to thereby further 
improve the catalytic performance. In a case Where the mate 
rial has electronic conductivity, this material can be a metal, 
such as tin, indium, selenium, lead, or bismuth, or an alloy 
containing these metals. Further, there may also be used a 
material prepared by mixing a conductive substance into a 
thermoplastic resin or a material prepared by coating a sur 
face of a thermoplastic resin With a conductive layer. The 
material may be coated With a corrosion resistant material to 
prevent corrosion. Examples of the corrosion resistant mate 
rial include carbon, noble metals, such as gold, silver, and 
platinum, ceramics, and organic materials. In particular, in a 
case Where platinum is used as a coating material, the result 
ing structure may also be used as a catalyst for leak detection. 
[0096] In a case Where the material that softens or becomes 
a viscous ?uid by heat has electronic conductivity on the 
surface as described above, the material may be used as a 
catalyst carrier 51, as shoWn in FIG. 12, to thereby improve 
the catalyst utilization e?iciency. MeanWhile, in a case Where 
this material has ionic conductivity, the material may be used 
as an electrolyte 52, as shoWn in FIG. 13, to thereby form ion 
paths betWeen the catalyst 41 and the electrolyte membrane 
212. Examples of the material having ionic conductivity 
include a thermoplastic resin having sulfonic acid groups or 
phosphoric acid groups introduced therein. The material that 
softens to deform or becomes a viscous ?uid by heat may be 
subjected to a surface treatment to thereby control the Wetta 
bility. 
What is claimed is: 
1. A fuel cell comprising: 
a cell portion comprising a fuel electrode for being sup 

plied With a fuel, an oxidizer electrode for being sup 
plied With an oxidizer, and an ionic conductor provided 
betWeen the fuel electrode and the oxidizer electrode; 

a fuel ?oW path; 
an oxidizer ?oW path; 
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a detection means, Which generates heat by contact 
between the oxidizer and the fuel; and 

a shutoff means provided in at least one of the fuel ?oW 
path and the oxidizer ?oW path and thermally coupled to 
the detection means, for shutting doWn communication 
of at least one of the fuel and the oxidizer based on the 
heat generation of the detection means. 

2. The fuel cell according to claim 1, Wherein the detection 
means is provided in the fuel ?oW path. 

3. The fuel cell according to claim 1, Wherein the detection 
means is provided outside of the fuel ?oW path. 

4. The fuel cell according to claim 1, Wherein the shutoff 
means operates When an operation temperature of the fuel cell 
exceeds a normal operation temperature. 

5. The fuel cell according to claim 1, Wherein the detection 
means comprises a catalyst portion in Which the oxidizer and 
the fuel react With each other to generate heat. 

6. The fuel cell according to claim 5, Wherein at least one of 
the fuel electrode and the oxidizer electrode comprises a 
catalyst layer, and the catalyst portion comprises the catalyst 
layer. 

7. The fuel cell according to claim 5, Wherein at least one of 
the fuel electrode and the oxidizer electrode has a catalyst 
layer, and the catalyst portion is provided separately from the 
catalyst layer. 

8. The fuel cell according to claim 1, Wherein one of the 
fuel electrode and the oxidizer electrode has a diffusion layer, 
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and Wherein the shutoff means comprises a material Which 
softens, becomes a viscous ?uid, or foams by heat and is 
provided in the diffusion layer. 

9. The fuel cell according to claim 8, Wherein the shutoff 
means comprises a porous member. 

10. The fuel cell according to claim 1, Wherein one of the 
fuel electrode and the oxidizer electrode has a catalyst layer, 
and Wherein the shutoff means comprises a material Which 
softens, becomes a viscous ?uid, or foams by heat and is 
provided in the catalyst layer. 

11. The fuel cell according to claim 10, Wherein the shutoff 
means comprises a material having electronic conductivity. 

12. The fuel cell according to claim 11, Wherein the shutoff 
means has a fuel cell catalyst provided on a surface thereof. 

13. The fuel cell according to claim 10, Wherein the shutoff 
means comprises a material having ionic conductivity. 

14. The fuel cell according to claim 1, Wherein the shutoff 
means comprises a material Which softens, becomes a viscous 
?uid, or foams by heat. 

15. The fuel cell according to claim 14, Wherein the shutoff 
means comprises a member comprising a ?rst material Which 
softens, becomes a viscous ?uid, or foams by heat, and 
Wherein a surface of the member is covered With a second 
material having a composition different from a composition 
of the ?rst material. 


