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(57) Abstract: An anode gas channel member (30, 30B, 30C, 30D) in which a first porous channel layer (31) and a shower plate
& (32) having penetrated holes are laminated is disposed on an anode side in a fuel cell. The shower plate (32) is disposed at the
& anode (12a) side, and a water-repellent layer 34 is provided on a side of the shower plate (32) that is closer to the anode (12a). The
water-repellent layer 34 restrains the water moving from the cathode (12c¢) side to the anode (12a) side from entering the interior of
the anode gas channel member (30, 30B, 30C, 30D), and reduces the possibility of the flow of the reactant gas being inhibited by

water.
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FUEL CELL THAT PERFORMS ANODE DEAD-END OPERATION

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] This invention relates to a fuel cell that pefforms an anode dead-end
operation.
2. Description. of the Related Art

[0002] Generally, a fuel cell generates electricity When supplied with hydrogen and
air. In order to'improve the eléctricity generation efficiency of fuel cells, it is preferable
to uniform the distribution of the amount of reactant gas supplied to each electrode.
Various technologies for improving the distribution characteristic of the reactant gas flow

have been proposed in Japanese Patent Application Publication No.. 2007-48538

- (JP-A-2007-48538), Japanese Patent Application Publication No. 2006-120402

(JP-A-2006-120402), Japanese Patent Application Publiéation No. 1-122565
(JP-A-1-122565), etc.

[0003] However, a fuel cell, it is preferable that the electfolytc membranes be kept
humid in order to ensure the proton conductivity of the electrolyte membranes.
Therefore, a reactént gas containing water is sometifnes supplied to the cathode side.
Besides, in the fuel cell reactions, a large amount of water is produced at the cathode. In
some casés, the water produced at the cathode may move to the anode through the
electrolyte membrane due to the humidity gradient in the fuel cell. In such a case, there
is a possibility that hydrogen cannot sufficiently diffuse due to the water moved to the
anode and the distribution characteristic of the hydrogen flow on the electrode surface

may deteriorate.

SUMMARY OF THE INVENTION
[0004] The invention provides a technology capable of reducing the inhibition of the
reactant gas flow caused by water. present within a fuel cell that performs an anode

dead-end operation.
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[0005] A first aspect of the invention relates to a fuel cell that performs an anode
dead-end operation. The fuel cell includes an electricity generation body in which an
electrolyte membrane is éandWiched between an anbde and a cathode. The electricity
generétion body is constructed so that water contained in an electricit'yv generation region
of fhe electricity generation body mbves more easily from an anode side to a cathode side |
than from the cathode side to the anode side. According to this construction, in the fuel
cell that performs the anode dead-end operation, the water in the électricity generation
region is restrained from moving from the cathode side to the anode side, so that the
possi.bility of the flow of the reactant gas being inhibited on the anode side by water can
be reduced.

[0006] Incidentally, the fuel cell that performs the anode dead-end operation of the
forgoing type includes, as a mode of the operation performed by supplying the fuel gas, a
mode in which substantially the entire amount 6f the fuel gas supplied is consumed on a

fuel gas consumption surface. In the case where hydrogen or a gas containing hydrogen

is used as a fuel gas, the fuel gas supply side becomes a side from which electrons flow

out, and therefore becomes “the anode (positive electrode)”. Herein, “substantially the
entire amount of the fuel gas is consumed” means that a manner of use of the fuel gas in
which the fuel gas is actively extracted from the fuel gas consumption surface, and is
circulated in a fuel gas supply passageway is not édoptcd. The consumption of the fuel
gas includes not only the use thereof in the electrochemical reaction for electricity
generation, but also the permeation thereof through the electrolyte membrane to the other
side. Besides, the leak fhat occurs ‘in the case where a fuel cell is constructed may also

be included in the consumption. In this case, the fuel cell can be conceived to be in a

mode of operation in which substantially the entire amount of the fuel gas is utilized for

electricity generation while being caused to reside internally without being discharged to
the outside. This conception concludes that the fuel consumption surface supplied with
the fuel gas generally has a closed structure that does not discharge or emit the fuel gas to
the outside. |

[0007] The anode dead-end operation refers to an operation of a fuel cell in which

2 .
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electricity generation is continued in a state in which the supply of the fuel gas to the
anode side is continued but the fuel gas is not discharged from the anode side.
Consequently, substantially the total amount of the fuel gas supplied at least during the
steady electricity generation is held on the anode side while electricity generation is
performed. In the case where the electricity generation body includes a
membrane-electrode assembly formed by joining an anode and a cathode to two opposite
sides of an electrolyte membrane, and generates power as the‘fuel gas (mostly, hydrogen
or a hydrogen-containing gas) is supplied to the anode side, substantially the entire
amount of the fuel gas supplied to the anode is held internally and utilized for the
electricity generation without vbéing discharged to the outside. This cbncludes that the
anode side supplied with the fuel gas generally has a closed structure that does not
discharge or emit the fuel gas to the outside. !

[0008] Conceivable examples of the constmction of the fuel cell that performs the
anode dead-end operation include a construction in which a channel for extracting a small
amount of fuel gas from the fuel consumption surface or from upstream thereof is

provided and the extracted fuel gas is burned for the pre-heating of an accessory or the

like, etc. This consumption of the fuel gas is not within a construction that is excluded

“from the concept that “substantially the entire amount of the fuel gas is consumed on the

fuel gas conSumption surface” in this specification, if the extraction of the fuel gas from
the fuel gas consumption surface or from upstream thereof does not have a special
meaﬁing.

[0009] The fuel cell qccording to the foregoing aspect can also be grasped as a‘
construction that realizes an operation state in which electricity is continuously generated

in a balanced state in which the partial pressure of an impurity (e.g., nitrogen) in the

.anode electrode (hydrogen electrode) is in balance with the partial pressure of the

impurity (e.g., nitrogen) in the cathode electrode (air electrode). The “balanced state”
herein means, for example, an equilibrium state, and does not necessarily mean a state in
which the two partial pressures are equal.

[0010] Furthermore, the fuel cell in accordance with the foregoing aspect can also be

3
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grasped as a fuel cell systém that includes a construction as follows. That is, this fuel
cell system may also have a construction in which a high-resistance portion has one
communication portion that corresponds to one region of an anode reaction portion, and
another communication portion that corresponds to another region of the anode reaction
portion, and in which as for the anode gas consumed in the one region, the proportion of
the amount of the gas having passed through the one communication portion. of the
h‘ig-h-resistance portion is higher than the proportion of the amount of the gas having
passed through the another communigz;tion portion of the high-resistance portion, or a |
construction in which a high-resistance portion .has one communication portion that |
corresponds to one region of an anode reaction iportion, and another communication
portion that corresponds to another region of the anode reaction portion, and in which as
for the anode gas having passed through the one communication portion, the proportion
of the amount of the gas consumed in the one region of Vthe anode reaction pbrtion is
higher than the proportion of the amount of the gas consumed in the another region of the
anode reaction portion.

[0011] On the other hand, it is preferable that‘the cathode channel not have a
high-résistancc communication portion mentioned above. Furthermore, it is also
preferable that the cathode channel merely have a first gas channel that leads, in
directions in the cell plane, tﬁc cathode gas supplied from a cathode introduction opening,
without provision of a second channel. However, if thé so-called gas diffusion layer is
regarded as a second channel, a combination of the first and second channels may also be
adopted. In either case, due to the omission of the high-resistance communication
portion only from the cathode electrode, a reduction in the amount of work of a cathode
gas feeder and an improvement in the drainage from the cathode electrode can be
expected. This construction is particularly suitable in a fuel cell system in which the
performance of drainage from the anode electrode is low (in which there is no steady
exhaust of tﬁc fuel gas).

[0012] In the foregoing aspect, the electricity ~generation body may be constructed so

that at least one of the anode side and the cathode side of the electricity generation body

4
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has one of water repellency and hydrophilicity, whereby the water contained in the

' electricity- generation region of the electricity generation body moves more easily from

the dnode side to the cathode side than from the cathode side to the anode side. In the
foregoing aspect, the water contained in the electricity generation region of the electricity
generation bbdy may be moved from the anode side to the cathode side by a gradient in
the water repellency or the hydrophilic. According to this coﬂstruction, the water within
the electricity generation region can be guided according to the gradient in water

repellency or hydrophilicity. ~ Therefore, the movement of the water from the cathode

 side to the anode side can be restrained, so that the possibility of the flow of the reactant

gas being inhibited at the anode side by water can be reduced.!!

[0013] In the foregoing aspect, the fuel cell may further include a gas channel .
member for supplying a reactant gas which is disposed at the anode side of the electricity
generation body. The difference in the difference in the water repellency or the
hydrophilicity may be provided by a water-repellent member being disposed in a portion
of the gas channel member that is adjacent to the anode. According to this construction,
the water-repellent member .disposed in the gas channel member can festrain the entrance
bf water into the gas channel member.

[0014] In the foregoing aspect, the fuel .cell may further include an air channel
member for supplying air which is disposed at the cathode side of the electricity
generation body. The difference in the difference in the water repelléncy or the
hydrophilicity may be provided by a hydrophilic member being disposed in a portion of
the air channel member that is adjacent to the cathode.

[0015] In the foregoing embodiment, the fuel cell may further include a gas channel

- member for supplying a reactant gas which is disposed at the anode side of the electricity

generation body. The fuel cell may further include an air channel member for supplying
air which is disposed at the cathode side of the electricity generation body. A first
water-repellent member may bebdisposcd in a portion of the gas channel member that is
adjacent to the anode, and a second water-repellent member may be disposed in a portion

of the air channel member that is adjacent to the cathode. The difference in the

5
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difference in the water repellency or the hydrophilicity may be provided by the water

repellency of the first water-repellent member being larger than the water repellency of

_ the second water-repellent member.

[0016] In the foregoing aspect, the fuel cell may further include a gas channel
mc;mber for supplying a reactant gas which is d.isposed at the anode side of the electricity
generation body. The fuel cell may further Aincludc an air channel member for supplying
air which is dispbsed at the cathode side of the electric;ity generation body. A first
hydrophilic member may be disposed in a portion of the gas channel member that is
adjacent to the anode, and a second hydrophilic member may be disposed in a portion of

the air channel member that is adjacent to the cathode. The differencc in the difference

~ in the water repellency or the hydrophilicity may be provided by the,hydvrophilicity of the

second hydrophilic member being larger than the hydrophilicity of the first hydrophilic

member.

[0017] In the foregoing aspect, the fuel cell may further include a gas channel
member for supplying a reactant gas which is disposed at the anode éidc of the electricity
generation body. The fuel cell may further include an air channel member for supplying
air which is disposed at the cathode side of the clectricityA generation body. A
water-repellent member may be disposed in a portion of t.he gas channel member that is
adjacent to the anode, and a hydrophilic member may be disposed in a portion of the air
channel member that is adjacent to the cathode.

[0018] Therefore, the possibility of the flow of the reactant gas being inhibited at the
anode side by water can be reduced.

[0019] In the foregoing aspect, at least a portion of the gas channel member may be
provided with a water-repellent layer which supplies the reactant gas to the anode (12a)
uniformly in a plﬁnar direction of the anode and to which the water-repellent member is
applied. Besides, the gas channel member may be constructed by a porous plate that is

provided with a plurality of penetrated'holes. According to this construction, the porous

plate provided with the water-repellent layer can reduce the possibility of the flow of the

reactant gas at the anode side being inhibited by water.

6
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[0020] In the foregoing aspect, the water-repellent layer may be provided in a
surface where the porous plate and the anode contact each other. According to this
construction, the porous plate provided with the water-repellent layer can restrain the
entrance‘ of water into the gas channel member. Therefore, the possibility of the ﬂbw of
the reactant gas being inhibited at the anode side by water can be reduced.

[0021] In the foregoing aspect, the water-repellent layer may be provided on wall
surfaces of the plurality of penetrated holes. According to this construction, the closure of
the penetrated holeé of the porous plate by water can be restrained.

[0022] In the foregoing aspect, the water-repellent -layer may include ‘a first
water-repellent layer and a second watér-repellent layer. The first water-repellent layer

may be provided between the porous plate and the anode, and the second water-repellent

‘layer may be provided across the porous plate from the anode. The water repellency of

the first water-repellent layer may be different from the water repellency of the second
water-repellent layer. According to this conétruction, it isb possible to guide the water
having entered the penetrated holes of the porous plate toward the surface of the lower
water repellency.

[0023] In the foregoing aspect, the air channel member may be provided with a

hydrophilic layer to which the hydrophilic member is applied.

[0624] In the fuel cell of the foregoing aspect, the anode may have gas diffusivity,
and the gas channel member may be provided with a supply member that is provided
adjacent to an outer side of the porous plate and that is provided for diffusing and
supplying a fuel gas in a direction along a plane of the porous plate, and the porous plate,
disposed to contact the anode, may be an electroconductive sheet shape member whose
gas permeation 1is restrained. According to this construction, the leak gas leaking from
the cathode side to the anode side through the porous plate canl.be restrained from
flowing into the electroconductive porous layer, so that it become possible to supply the
fuel gas dispersedly to the anode. As a result, the electricity generation efficiency of the
fuel cell as a whole can be improved.

[0025] In the fuel cell of the foregoing aspect, the plurality of penetrated holes are

7
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provided in the porous plate so that there occurs no region in which electricity generation

stops as an impurity that is not used in an electricity. generation reaction locally resides at

the anode side.

[0026] A second aspect of the invention relates to a fuel cell tha;t performs an anode
dead-end operation. The fuel cell .incl‘udes an electricity generation body in which an |
electrolyte membrane is sandwiched between an anode and a cathode, and a supply
member that supplies a reactant gas to be suppliéd to the ano.de, uniformly in a planar
direction.

[0027] In the foregoing aspects, the supply member may be a dispersion plate that is
formed on the anode and that disperses the reactant gas to the anode, and the dispersion.

plate may be provided with many pores, and the reactant gas may be supplied from the

~ dispersion plate directly to sites in the anode that correspond to positions of existence of

the pores.

[0028] In the foregoing aspects, the supply member may be a dispersion plate that is
formed at the anode and that disperses the reactant gas to the anode, and the dispersion
plate may be made of a closely packed porous body, and the reactant gas may be
continuously su[;plied from the dispérsion plate to the anode.

[0029] In the foregoing aspects, open area ratio of the dispersion plate may be less
than or equal to 1%. | |

[0030] In the foregoing aspects, the supply member may bé a dispersion plate that is
formed on the anode and that disperses fhe reactant gas to the anode, and the dispersion
plate (may be provided with a protruded portion for forming an upstream-side channel of
the reactant gas, and a p0'1‘6 for forming a downstream-side channel of the reactant gas
may be formed in a side surface of the protruded portion, and the reactant gas may be
supplied from the pore to the anode. |

[0031] In the foregoing aspects, the supply member may be a dispersion plate that is
formed on the anode and that disperses the reactant gas to the anode, and the dispersion
plate may include a plurélity of channels that distribute the reactant gas uniformly in a

planar direction of the dispersion plate, and many pores that are open to the anode and

8
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that supply the reactant gas from the channels to the anpdc.

[0032] In the foregoing aspects, the supply member may be a channel-forming
member that directly supplies the reactant gas to the anode; and the channel-forming
member may be formed of a main.channel that introduces the fuel gas, a plurality bf

subsidiary channels that branch from the main channel and that are formed in a direction

- different from a direction in which the main channel is formed, and comb-tooth channels

that branch from the ‘subsidiary channels in a manner of comb teeth, and the reactant gas
may be suppl.ied from the comb-tooth channels to the anode. \

' [0033] In the foregoing aspects, the channel-forming member may be formed
integrally with a separator that partitions the electricity generation body.

[0034] In the foregoihg aspects, the supply member may be formed in a separator
that partitions. the electricity generation body, and the separator may include a recess
portion that forms a gas channel, a reactant gas inlet port formed in the recess portion,
convection means provided in the recess portion, and many pores provided in the recess
portion, and the recess portion may be formed at the anode side of the separator, and the
reactant gaS supplied from the reactant gas inlet port may be sﬁpplied to the anode (12a)
via the tnany pores.

[0035] In the foregoing aspects, the convection means may be a;t least .one of means
for providing a temperature difference in the recess portion .(6220), a small actuator, a
current plate, and a restriction plate provided suBstantially at a middle of the recess
portion.

[0036] In the foregoing aspects, the supply member may b; constructed of a channel
that is formed between the anode and a separator that partitions the electricity generation
body, and the channel may include a first channel at a separator side, a second channel at
the anode side, and introduction portions uniformly disposed between the first channel
and the second channel, and the reactant gas may be supplied from the second channel to
the anode.

[0037] In the foregoing aspects, the second channel may be constructed in a

honeycomb shape, and the introduction portions may communicate with individual

9
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chambers formed in the honeycomb shape.
[0038] Incidentally, the invention can be realized in various forms. For .example,
the invention can be realized in the forms of a fuel cell, a fuel cell system that includes

fﬁel cells, a vehicle in which a fuel cell system is mounted, etc.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] 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 block diagram éhowing a construction of a fuel cell system;

FIG. 2 is a schematic sectional view showing é construction of a fuel cell according to
the first embodiment; |

FIG. 3 is a schematic diagram for describing a construction of a shower plate of a gas
channel member for an anode iﬁ the first embodiment;

FIG. 4 is a schematic sectional view for describing the flow of air in the fuel .cell

“according to the first embodiment;

FIG. 5 is a schematic sectional view showing a construction of a fuel cell according to

~ a comparative example;

FIG. 6 is a schematic diagram for describing the effect of a water-repellent layer
provided on the shower plate in the first embodiment;

FIG. 7 is an illustrative diagram 'f.or describing the term “water repellency” used in this
specification;

FIGS. 8A and 8B are schematic sectional views showing a construction of a fuel cell
according to a seéond embodiment; |

FIGS. 9A and 9B are schematic sectional views showing a construction of a fuel cell
according to a third embodiment;

FIGS. 10A and 10B are schematic sectional views showing a construction of a fuel

cell according to a fourth embodiment;
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FIG. 11 is a schematic perspective view showing a cohstructioh according to a first
modification (a shower channel type) of a gas channel structure; |

FIG. 12 is a schematic sectional view for describing a construction -according to the
first modification (the shower channel type) of the gas channel structure;

FIG. 13 is a schematic perspective view showing a construction according to a second
modification of the gas channel structure;

FIG. 14 is a schematic perspective view showing a construction according to a third
modification of the gas channel structure; '

FIG. 15 is a schematic sectional view showing a construction according to the third
modification of the gas éhannel structure;

FIG. 16 is a schematic perspecfive view showing a construction ziccording to a fourth
modification of the gas channel siructure;

FIG. 17 is a schematic perspective view showing a construction according to a fifth
modification of the gas channel structure;

FIG. 18 is a schematic diagram showing a construction according to a sixth '
modification (a comb-tooth channel type) of the gas channel structure;

| FIGS 19A and 19B are schematic diagrams showing a construction according to a

seventh modification (a serpentine type) of the gas channel structure;

FiG. 20 is a ‘schematic diagram showing a construction according to a first
modification of the form of supplying the fuel gas;

FIG. 21 is a diagrammatic illustration for describing a second modification of the form
of supplying the fuel gas;

FIG. 22 is a diagrammatic illustration for describing a third modification of the form of
supplying the fuel gas;

FIG. 23 is a schematic diagram showing vstill another example of the construction of
the fuel cell; and

FIG. 24 is a schematic diagram showing a further example of the construction of the

fuel cell.
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_ DETAILED DESCRIPTION OF EMBODIMENTS

[0040] <FIRST EMBODIMENT> FIG 1 is a block diagram showing a construction
of a fuel cell system that employs fuel cells according to a first émbodiment of the
invention. This fuel cell system 1000 includes a fuel cell 100, a high-pressure hydrogen
tank 1100; an air compressor 1200, and a control portibn 1300. |

[0041] The fuel éell 100 is a solid polymer type fuel cell that generates electricity
when supplied with hydrogen and an oxygen-containing gas (air) as reactant\ gases.
Details of the fuel cell 100 will be'described later. Incidentally, the fuel cell 100 does
not need to be a solid polymer type fuel cell. The invention is applicable to any of -
various types of fuel cells.

[0042] The high-pressure hydrogen tank 1100 stores hydrogen as a fuel gas of the
fuel cell 100. The high-pressure hydrogen tank 1100 is connected, to a manifold hole
(described later) at an anode side of the fuel cell 100, by a hydrogen supply piping 1110.
On the hydrogen supply piping 1110, a hydrogen shut-off valve 1120 is provided on an
upstream side of the piping 1110, and a regulator 1130 for adjusting the pressure of the
hydrogen is provided on a downstream side thereof. In this fuel cell system 1000, an
exhaust gas path is not provided at the anode, because the fuel ceil 100 performs an
anode dead-end operation (described later). | |

[0043] The air compressor 1200 supplies the fuel c_ell 100 with a high-pressure air
(hereinafter, simply referred to as the air) as an oxidizing gas. The air compressor 1200
is connected, to a cathode-side supply manifold hole (described later) of the fuel cell 100,
by an air supply piping 1210. The air supply piping 1210 may be provided with a
humidifier. Incidentally, the exhaust gas produced at the cathbde is discharged outside
the fuel cell 100 through a discharge piping 1220 that is connected to a cathocie-side
discharge manifold hole. ‘

[0044] The control portion 1300 is constructed as a logic circuit that includes a
microcomputer as a main component. Specifically, the control portion 1300 includt_:s: a
CPU (not shown) that executes predetcrmined computations based on pre-set control

programs; a ROM (not shown) in which control programs, control data, etc., that are
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needed in order for the CPU to execute various computation processes are pre-stored; a

RAM (not shown) in which various data needed for various computation processes of the
CPU are temporarily read and written; and input/output ports (not shown) for inputting
signals to and outputting signals from the control portion 1300. The control portion
1300 is connected to the shutoff valve 1120, the air compressor 1200, etc., via signal
lines. |

[0045] FIG. 2 is a s_chematie sectional view showing a construction of the fuel cell

100. The fuel cell 100 has a so-called stack structure in which a plurality of

membrane-electrode assemblies 10 and separators 20 are alternately stacked. Each
membrane-electrode assembly 10 has an. electrolyte membrane 11, and aﬁ anode
electrode layer 12a and a cathode electrode layer 12c that are disposed on the two
opposite sides of the electrolyte membrane 11. The electrolyte membrane 11 can be
constructed by a polymeric material, such as a fluorine-based resin that exhibits good

proton conductivity in a humid state, or the like. The two electrode layers 12a, 12c

forms an electricity generation region.

[0046] The surface of each of the two electrode layers 12a, 12c that contacts the
electroiyte membrane 11 is provided with a catalyst layer (not shown) in which a catalyst
for accelerating the electricity generation reaction (fuel cell reaction) is supported. On
the other hand, an outer surface of each of the two electrode layers 12a, 12¢ that does not
eontact the electrolyte membrane 11 is provided with a gas diffusion layer (not shown)
for spreading the supplied reactant gas to the entire electrode surface. Incidentally, it is
preferable that the catalyst layers of the two electrode layers 12a, 12c be provided so that
tl_1e surface of each of the electrode layers 12a, 12c, that does not contact the electrolyte
membrane 11, forms a substantially flat surface. This construction will reduce the
possibility of the reactant gas and a non-reactant gas (described later) residing at the oufer
sufface of the catalyst layer, and can restrain the ‘deterioration of the distribution
cﬁaracteristic in the reactant gas flow.

[0047] An outer peripheral edée of the membrane-electrode assembly 10 is provided

with a seal portion 13 for preventing leakage of fluid. Specifically, the seal portion 13 is
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formed to cover an outer peripheral end portion 11e of the electrolyte membrane 11 and
outer peripheral end portions 12e of the two electrode layers 12a, 12c. A
membrane-electrode assembly 10 formed integrally with the seal portion 13 Will be
hereinafter referred to as “seal-integrated type membrane-electrode assembly 10s”.

[0048] The seal portion 13 is provided with a manifold hole 51 that is for supplying
hydrogen, and manifold holes 53 (described later), 54 that are for supplying and
discharging air fespectively. - All of the holes are formed vas penetration holes. The
air-supplying manifold hole 53 (described later) is provided on the same side as the
hydrogen-supplying manifold hole 51 with respect to the electricity generation region,
and is provided side by sidc; therewith. On the other hand, the air-discharging manifold
hole 54 is provided on the opposite side of the air-supplying manifold hole 53 and the
hydrogen-supplying manifold hole 51 with respect to the electricity generation region.

[0049] Protrusion portions 14 are provided on the two surfaces of the seal portion 13
opponcn_tly. The protrusion portions 14 form a seal line that continuously encircle the
manifold holes 51, 53, 54 as well as the two electrode layers 12a, 12c. When assembled
as the fuel cell 100, the protrusion portions 14 are pressed by the separators 20 to restrain
a fluid, such as the reactant gas or the like, from flowing outside the sealed region.

[0050] Each separator 20 is a so-called three-layer type separator that includes an
anode plate 21, an intermediate plate 22 and a cathode plate 23. The anode plate 21 is
disposed on the anode side of the me‘mbrane-elcctrode assembly 10, and the cathode plate
23 is disposed on the cathode side bf the membrane-electrode assembly 10. The
intermediate plate 22 is sandwiched between the anode plate 21 and the cathode plate 23.
It is preferable that the separators 20 be constructed of a metal  plate having
electroconductivity, or the like. Théreforc, the separators 20 are able to collect the
generated electricity.

[0051] Each separator 20, as in each seal-integrated type membrane-electrode
assembly 10s, is provided with manifold holes 51, 53, 54, that are formed as penetrated
holes, for the reactant gases. Besides, the plates 21, 22, 23 of each separator 20 are

provided with gas channels, that connect the manifold holes 51, 53, 54 and the electricity‘
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_ generation region of the membrane-electrode assembly 10, for the reactant gases. That

is, each separator 20 has a function as reactant gas supply passageways. Furthermore,
each separator 20 may be provided with a coolant channel for a coolant. With this
construction, the separators 20 cool the heat produced by the fuel cell reaction.

[0052] - An anode gas channel member 30 and a cathode gas channel member 40 are

- formed between the separatof 20 and the two electrode layers 12a, 12c, respectively.

The two gas channel members 30, 40 function as gas diffusion channel layers. for
diffusing and spreading the reactant gases flowing in from the gas channels provided in
the separators 20 into the entire electrode layers 12a, 12c. The anode gas channel
member 30 will be described later. The cathode gas channel member 40 can be
constructed of a porous metal, an expanded metal, or the like that has electroconductivity.
Incidentélly, by constfucting the anode gas channel member 30 and the cathode gas
channel member 40 of the electroconductive members, electrically conducting paths are
formed between the electrode layers 12a, 12¢ and the separators 20.

[0053] The flow of hydrogen, that is the one of the reactant gases, in the fuel cell 100
will be described. As shown by the arrows in FIG. 2, hydrogen»is supplied to the fuel
cell 100 from the hydrogen-supplying manifold holes 51. It is preferable that hydrogen
be supplied without being humidified. A reason for this is that there is a case where,
during electricity generation, the water produced at the cathode in the fuel cell reaction
moves to the anode side. Therefore, if a humidified hydrogen gas is supplied, there isa -
possibility of the water at the anode increases in amount, thereby inhibiting the flow of
hydrogen. | |

[0054] Some of the hydrogen passes through the hydrogen-supplying manifold holes
51 flows into a hydrogen channel 61 that is provided in the‘intermediate plate 22 of each
separator 20, and then flows into the anode gas channel member 30, disposed in the
electricity generation region, through a hydrogen supply hole 62 that is a penetration hole
provided in the anode plate 21.

[00SS] The anode gas channel member 30 includes a first porous channel layer 31,

and a shower plate 32 that is provided with a water-repellent layer 34. In the anode gas
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channel member 30, the first porous channel layer 31 .is disposed to contact the anode
plate 21 of the separator 20, and the water-repellent layer A34 provided on the shower plate
32 is disposed to contact the anode electrode layer 12a. The first porous channel layer
31 is constructed by a porous member that has electroconductivity. * Incidentally, the
shower plate 32 may correspond to a porous plate in the invention. | |

[0_056] FIG. 3A is a schematic diagram showing the shower plate 32, specifically, a
side which the water-repellent layer 34 is provided. The shower plate 32 can be
constructed of an electroconductive sheet member, and may be constructed. of, for
example, a carbon paper, or may also be constructed of a thin metal plate. Besides, the
shower plate 32 has a plurality of shower holes 35, that is very small penetrated holes
uniformly distributed over the entire sheet surface of the shower plate 32. In addition, it
is preferable that the sheet surface of the shower plate 32 haye low air-permeability and
restrained gas permeation.

[0057] The water-repellent layer 34 can be provided by applying a slurry of a
mixture of a carbon material and a water repellent, which the mixture as a Water—repellent
member, to the surface of the shower plate 32, and then by drying the applied slurry.
The water-repellent layer 34 may also be provided by other water repellency treatment.

[0058] FIG. 3B is a schematic sectional view of the anode gas channel member 30
taken on 3B-3B section plane shown in FIG. 3A, and is a diagrammatic illustration for
describing the flows of hydrogen in the anode gas channel member 30. In addition, in
FIG 3B, the illustration of the component elements of the fuel cell 100 other than the
anode gas channel member 30 is omitted.

[0059] Hydrogen flows from the hydrogen supply hole 62 (FIG. 2) of each separator ‘
20 into the first porous channel layer 31 of the anode gas channel member 30. The
hydrogen within the first porous channel layer 31 , while flowing, diffuses in the planar
directions along the surface of the shower plate 32. A portion of the hydrogen flown
reaches the gas diffusion layer of the anode electrode layer 12a through the shower holes
35 provided in the shower plate 32. Besides, the gas channel provided in thé anode gas

channel member 30 functions as a two-steps channel that has a first channel formed by
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thc first porous channel layer 31 that disperses the fuel gas in directions along the surface
of the sﬁower plate 32, and a second channel formed by the shower plate 32 that supplies
the fuel gas to the catalyst layer of the anode electrode layer 12a while diffusing the fuel
gas thefcin.

[0060] The first porous channel layer 31 functions as an electroconductive porous
layer that forms a fuel gas supply channel for diffusing énd supplying the fuel gas in the
directions along the éurface of the shower plate 32. Therefore, the amount of hydrogen
supplied to a region distance from the hydrogen supply hole 62 of each separator 20 can.
be increased, so that the distribution of the émount of hydrogen supplied in planar

directions in the anode electrode layer 12a can be improved. Besides, the

* water-repellent layer 34 restrains the water flowing into the anode gas channel member

30. This will be described later.

[0061] However, the fuel cell 100 of this embodiment is not provided with a
discharge path of hbydrogen (see FIGS. 1 and 2). This is because this fuel cell 100 .
performs a so-called anode dead-end operation in which electricity generation is
performed in a state where the fuel gas is continuously supplied to the anode while the
fuel gas is not discharged from the anode side. This will restrain the discharge of
hydrogen that is not used for the electricity genefation, and will improve the utilization
efficiency of hydrogen. |

- [0062] FIG. 4 is a diagrammatic illustration for describing flows of air, that is the one
of the reactant gases, in the fuel cell 100. FIG 4 is substantially the same as FIG. 2,
except from the sectional view of FIG. 4 is taken where the manifold ﬁoles 53, 54 for air
are. The flows .of air are shown by the anoWs. In addition, for the sake of
convenience, the manifold holes and the channels that form paths in which air flows are
all shown in the same sectional view.

[0063] Air is supplied to the fuel cell 100 from the air-supplying manifold hole 53,
including gases other than oxygen (non-reactant gases). Some of the air supplied td the
fuel cell 100 flows into an air channel 71 provided in the intermediate plate 22 of each

separator 20, and then flows into the cathode gas channel member 40 disposed in the
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electricity generation ‘region through air supply holes 72 that are penetrated holes
provided in the cathode plate 23. By the cathode gas channel member 40, air is supplied
to the entire cathode electrode layer 12c and is used in the fuel cell reaction. While the
gas channel of the anode side is the two-steps channel as described above, the gas
channel of the cathode side is a single-step channel.

[0064] The oxygen and the non-reactant gas (exhaust gas) havmg been used for the
reaction flow into an air discharge channel 74 pr0v1ded in the intermediate plate 22 via
air discharge holes 73 that are provided in the cathode plate 23 of each separator 20.
The air discharge channel 74 is connected with the air-discharging manifold hole 54.

Thus, the exhaust gas in the air discharge channel 74 is discharged outside the fuel cell

~ 100 through the air-discharging manifold hole 54.

[0065] A fuel cell 100A as a comparative example for the foregoing embodiment will
be described with reference to FIG. 5. FIG. 5 is substantially the same as FIG. 2, apart
from the anode gas channel member 30 in the first embodiment is replaced by an anode
gas channel member 30A that is different in construction from the anode gas channel
member 30.

[0066] The anode gas channel member 30A, similar to the anode gas channel
member 30 of the first embodiment, is provided with a first porous channel layer 31 anda
shower plate 32. However, in the anode gas channel member 30A, a secoﬁd porous .
channel layer 33 is provided instead of the water-repellent layer 34. That is, in this fuel
cell 100A, the distribution characteristic of the hydrbgen flow is improved by the shower
plate 32, as in the fuel cell 100 of the first embodiment. The hydrogen passéd through
the shower holes 35 of the shower plate 32 flows into the second porous channel layer 33,
and then further diffused to be supplied to the anode electrode layer 12a.

[0067] The second porous channel layér 33 is provided in order to improve the
hydrogen diffusibility. However, a large amount of water is ordinarily produced in the
fuel cell reaction at the cathode. In some cases, although some of the water is
discharged outside the fuel cell togeiher with the cathode exhaust gas as described in FIG.

4, the rest of the water moves from the cathode electrode layer 12c¢ to the anode.electrode
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layer 12a through the electrolyte membrane 11a as shown by the dotted arrow in FIG. 5.
In such a case, the water moved to the anode electrode layer 12a may well move‘to the
second porous channel layer 33 that has high hydrophilicity, thereby inhibiting the
hydrogen diffusibility. Furthermore, if the amount of water moved in the foregoing
manner is significantly large, the shower holes 35 6f the shower plate 32 may be blocked
by the water, thereby inhibiting the channel flow of hydrogen.

- [0068] Thus, in the fuel cell IOOA of this comparative example, the-distribution
characteristic of the hydrogen flow is improved by the shower plate 32 of the anode gas
channel member 30A, but there is a pos_sibﬂity that this effect may be reduced by the
water moving to the anode electrode layer 12a side. In contrast', the fuel cell 100 of the
first embodiment, the water-repellent layer 34 restrains the water produced in the fuel cell
reaction from flowing into the anode gas channel member 30. Therefore, the shower
holes 35 of the shower plate 32 are not blocked by the water produced in the fuel cell
reaction due to the restrain of the water flowing into the anode gas channel member 30.

[0069] FIG. 6 is a diagrammatic illustration for describing the function of the

‘water-repellent layer 34 in the anode gas channel member 30 of the fuel cell 100 in the

first embodiment. For the sake of convenience in description, the illustration of
component elements other than the fuel cell 100 is omitted in FIG. 6.

[0070] There are cases, during electricity generation, water moves from the cathode
to the anode through the electrolyte membrane 11 in the fuel cell 100 of the first
embodiment, as well as in the fuél cell 100A of the comparative example. However,
because the water-repellent layer 34 is provided on the anode electrode layer 12a sidé of

the anode gas channel member 30 of the first embodiment, the movement of water to the

‘anode gas channel member 30 (the shower plate 32 and the first porous channel layer 31)

can be restrained as shown by the arrow shown by solid lines in FIG. 6. Therefore, the
deterioration in the hydrogen diffusibility in the anode gas channel member 30 due to
cxtraneous water can be restrained. |

- 10071] Unlike the anode gas channel portion 30A of the comparative example shown

in FIG. 5, the anode gas channel member 30 of the fuel cell 100 is not provided with the
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second porous channel layer 33, but the water-repellent layer 34 directly contacts with the

anode electrode layer 12a. Therefore, the water guided to the cathode side by the
water-repellent layer 34 will r_gside in the anode electrode layer 12a of the
membrane-electrode assembly 10 in a high ;;ossibility,' so that 'the electrolyte membrane
11 cén be kept‘ in a humid state. Generally, because the electrolyte membrane 11

exhibits a good proton conductivity in the humid state, the fuel cell 100 of the first

- embodiment is improved in the electricity generation efficiency over the fuel cell 100A of

the comparative example.

[0072] However, it is geﬁerally known that a part of the non-reactant gas (mainly
nitrogeﬁ) supplied to the cathode together with oxygen moves to the anode side. In the
ordinafily case where a discharge path for hydrogen is provided on the ‘anode side, the
non-réactant gas is discharged as an exhaust gas togethér with the hydrogen that has not
been used in the reaction. However, in the fuel cells that pcrfoﬁn the anpde dead-end
operation, the discharge of hydrqgen from the anode side during electricity generation is
restrained, therefore it is difficult to discharge the non-reactant ‘gas that has moved to the
anode side. Therefore, if in this type of fuel cell, electricity generation is continued
without discharging the non-reactant gas, the non-reactant gas is likely to reside locally in
the regions distance from the hydrogen supply openings on the anode gas channel
member 30. Then, the electricity generation efficiency of the fuel cell will deteriorate,
and the electricity generating reaction may sometimes stop at the regions with the
non-reactant gas residing. - .

[0073] However, in the fuel cell 100 of the first embodiment, the flow rate or the
flow amount of hydrogen flowing into the anode electrode layer 12a from the shower
holes 35 of the shower plate 32 during electricity generation can be adjusted by adjusting
the diameter, arrangement, or distribution of the shower holes 35. Therefore, if is
possible that the non-reactant gas that has moved to the anode side to be dispersed by, for
example, jetting hydrogen from the shower holes 35 at a substantially uniform flow rate,
or the like. This will restrain the fuel cell that performs the anode dead-end operation

from declining in the electricity generation efficiency due to the locally resided of the
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non-reactant gas.

[0074] Besides, by jetting hydrogen from the shower holes 35 at a predetermined
flow rate, the non-reactant gas can be réstrained from entering the first porous channel
layer 31 from the shower holes 35 of the shower plate 32. That is, the shoWer plate 32
functions as a separating plate that restrains the merging of a mixture gas, containing
hydrogen and the non;reactant gas, present in the anode electrode layer 12a and the
high-concentration hydrogen gaé supplied to the first porous channel layer 31 during.
electricity generation. .

[0075] Thus, in the fuel cell 100 of the first embodiment, because the anode side is
provided with the water-repellent layer 34, the ahode side includes more high-water
repellency maferial than the cathodé side. That is, the fuel cell 100 of the first
embodiment has a construction in which the water repellency of- the anode side is higher
than the water repellency of the cathode side. The “wat/er-repcllency” in this
specification will be described below. | |

[0076] v' FIG. 7 is an illustrative diagram for describing the “water-repellency” in this
specification. FIG. 7 schematically shows a state in which a water drop 510 is placed-on ‘
a surfacekof a substance 500. Incidentally, the illustration is provided on the'assumption
that the downward direction in the drawing is the direction of the gravity.

[0077] Herein, a surface tangent of the water drop 510 passing through an
intersection point 502 at which a contact interface 501 between the substance surface 500 -
and the water drop 510 intersects with the surface of the water drop 510 is referred to as
“the contact interface tangent 520”. Besidés, the angle formed by the contact interface
501 and the contact interface tangent 520 is referred to as “the contact angle 6”. When
the contact angle 0 is generally greater than or equal to 90°, it is expressed that the
substance surface 500 “has a water repellency”. Therefore, in this specification, “the
water repellency ié high” means that this contact angle 6 is large. On the other hand,
when the contact angle 6 is generally less than or equal to 40°, it is éxpressed that the
substance surface 500 “has a hydrophilicity”. Therefore, in this specification, “the

hydrophilicity is high” means that this confa(:t angle 0 is small. In addition, from these
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definitions, “high water repellency” can be considered as “low hydrophilicity”, and “low
water repellency” can be considered as “high hydrophilicity”.

[0078] ;I‘hus, in the first embodirﬁ¢nt, due to the proviéion of the water-repellent
layer 34 on the anode sfde, the water repellency of the anode side is increased, and the
deterio.ration in the distribution characteristic of the hydrogen flow in the anode-side gas
channel due to the water moving from the cathode can be restrained.

[0079] <SECOND EMBODIMENTS> FIG. 8A is a schematic sectional view showing
a fuel cell 100B as'a"second embodiment of the invention. FIG._8A is substantially the
same as FIG. 2, except from an anode gas channel member 30B, that is differently
constructed from the anode gas channel member 30 of the first embodiment, disposed on
the anode side. In addition, in the anode gas channel member 30B of the fuel cell 100B,
a water-repellent layer 34 is provided on the inner surfape of each of the shower hole 35
of the shower plate 32, instead of the surface of the shower plate 32 in contact with the
anode electrode layer 12a.

[0080] FIG. 8B is an enlarged view of a region 8B indicated by the dotted line in FIG.
8A. A case where the water moves from the cathode to the anode, which éntcrs the
shower holes 35 of the shower plate 32, is shown by the arrows in FIG. 8B. Water is
guided frbm the shower holes 35 that are increésed in the water repellency by the
water-repellent layer 34 to either one of the first porous channel layer 31 and the anode
electrode layer 12a which are relatively lower in water repellency than the water-repellent
layer‘34. _ Therefore, the possibilityl of the shower holes 35 being blocked by the water
can be reduced, and the deterioration in the distribution characteristic of the gas flow at
the anode side can be restrained.

[0081] <THIRD EMBODIMENT> FIG. 9A is a schematic sectional view showing a
fuel cell 100C as a third embodiment of the invention. FIG. 9A is substaﬁtially the same
as FIG 8A, except from an anode gas channel member 30C, that is differently
construéted from the anode gas channel member 30B of the second 4embodiment, is
disposed on the anode side. |

[0082] The anode gas channel member 30C of the fuel cell 100C is provided with
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first and second water-repellent layers 34a, 34b that are different in the degree of water
repellency from each other. Concretely, the first water-repellent layer 34a is provided
on a surface of the Shower plate.32 that is in contact with the first porous channel layer 31,
and the second water-repellent layer 34b is provided with a contact surface of the shower
plate 32 that is in contact with the anode electrode layer 12a. The first water-repellent
layer 34a is provided as a thin film formed by gilting,.and' the second water-repellent
layer 34b is provided as a thin film formed by carbon coating. That iS, “the two
water-repellent layers are provided so that thé water repellency of the first water-repellent
layer 34a is lower than the water repellency of the second water-repellent layer-34b.

[0083] FIG. 9B is an cniarged view of an interrupted line-enclosed region 9B shown
in FIG. 9A. Whenﬂthe water moves from the cathode side to the anode side as shdwn by
the arrows in FIG. 9B, the water is restrained from moving to the anode gas channel
member 30C by the second water-repellent layer 34b in the fuel cell 100C, as in the fuel
cell 100 of the first embodiment. Besides, due to the difference in water repellency
between the first and second Water—repellent layers 34a, 34b, the water that has entered
the shower holes 35 can be guided to the first porous channel layer 31 as shown by the
arrows in FIG. 9A, thus the water can be restrained from résiding in the shower holes 35.

[0084] According to the copstruction of the third embodiment, because. the water
repellency (iifference (gradient) is provided in the electricity generation region, the
moving direction of the water in the ahode gas channel member 30C can be guided.
Besides, this can reduce the possibility of the shower holes 35 of the anode gas éhannel
member 30C being blocked by the water. Therefore, the deterioration in the distribution
characteristic of the gas flow at the anode can be restrained.

[0085] <FOURTH EMBODIMENT> FIG. 10A is a sectional view showing a fuel
cell 100D as a fourth embodiment of the invention. FIG. 10A is substantially the same
as FIG. 9A, apart from the arrangement of the first and second water-repellent layeré 34a,
34b is reversed.  Specifically, in this fuel cell 100D, the first water-repellent layer 34a is
provided on the anode electrode layer 12a side, and the second water-repellent layer 34b

is provided on the first porous channel layer 31 side. That is, the water repellency of the
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first p,ofous channel layer 31 side of the shower plate 32 is higher than the water
repellency of the anode electrode layer 12a side. -

[0086] FIG. 10B is an enlarged view of a region 10B indicated by the dotted line in
FIG. 10A. From the comparison between FIG. 9B and FIG. 10B, it can be seen that the
arrangements of the first and the second water-repellent layers 34a, 34b .in the two fuel
cells are opposite to each other, and the gradients in water fepellency therein are also
opposite. Therefore, the directions in which the water entered the shower holes 35 of
the shower plate 32 is guided are also opposite ‘to each other. In-this const_i’uction, the
deterioration in the distribution characteristic of the gas flow at the anode due to the
water moving to the anode side from the cathode side can be restrained. Furtherrhore,

because the water having entered the shower holes 35 is guided to the anode electrode

~layer 12a, instead of being guided to the first porous channel layer 31 as in the third

embodiment, the deterioration in the hydrogen diffusibility in the anode gas channel
member 30 due to extraneous water can be restrained. Then, the moving water guided
from the shoWer holes 35 toward the cathode by the water repellency gradient formed by
the water-repellent layers 34a, 34b will reside in the anode electrode layer 12a-of the
membrane-electrode assembly 10 in an increased possibility, so that the electrolyte
membrane 11 can be maintained humidified.

[0087] Incidentally, the invention is not limited to the foregoing embodiments or
examples or the like, but can also be carried out in various other manners without
departing frdm the spirit of the invention. For example, Modifications 1 to 4 as follows
can be provided.

[0088] <MODIFICATION 1 OF FIRST TO FOURTH EMBODIMENTS> Although
in the foregoing embodimenfs, the anode side is provided with the anode gas channel

member 30 of a multi-layer structure equipped with the shower plate 32, the anode side

~may also be provided with a gas channel member of a single-layer structure that does not

include the shower plate 32 similarly to the cathode side. That is, the gas channel on the
anode side may be a single-step channel similar to the gas channel on the cathode side,

instead of being a two-step channel.
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[0089] ' Besides, the anode gas channel member 30 may be replaced by a channel
rﬁember whose sprface contact with the anode electrode layer 12a is provided with
channel grooves for the fuel gas. Besides, the side of the channel member contacting’
the anode electrode layer 12a may also be treated for water repellency, similarly to the
water-repellent layer 34. However, in this case, the anode electrode layer 12a needs to
be constructed so that the planar pressure from the channel member does not become
non-uniform despite the channel grooves.

[0090] <MODIFICATION 2 OF FIRST TO FOURTH EMBODIMENTS> Although
in the foregoing embodiments, the showér plate 32 is provided with the water-repellent
layer 34, the cathode side may be provided with a high- hydrophilicity material. With
this construction, the difference in hydrophilicity/water repellency between the anode
side and the cathode side makes it easier for the water in the electricity géneration region
to move in the direction from the anode toward the cathode than in the direction from the
cathode toward the anode. Therefore, the possibility of the flow of the fuel gas bejhg
inhibited by water moving to the anode side can be reduced. In this case, it is also
possible to dispose a member having a hydrophilicity on the anode side. However, it is
preferable that the hydrophilicity of the hydrophilic member of the anode be lower than
the hydrophilicity of the hydrophilic member of the cathode side. |

[0091] Besides, a member having a water repellency may be disposed on the anode, ‘
and a member having a water repellency may also be disposéd on the cathode. In thi;

case, it is preferable that the water repellency of the anode be higher than the water

- repellency of the cathode. With this construction, the difference in water repellency

between the anode and the cathode makes it easier for the water within the electricity
generation region to move in the direction from the anode toward the catilode than in the
direction from the cathode toward the anode. .

[0092] Thus, it suffices that the fuel cell of the invention be a fuel cell whose manner
of an operation performed by supplying a fuel gas includes a manner in which
substantially the entire amount of the fuel gas supplied is consumed on the anode,

Wherein the fuel cell includes an electricity generation body in which an electrolyte
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membrane is sandwiched between an anode and a cathode, and wherein the electricity "
generation body is constructed so that it is easier for water contained in an electricity
generation region of the electricity generation» body to move frpm the. anode to the
cathode than from the cathode t(l) the anode.

'[0093] <MODIFICATION 3 OF FIRST TO FOURTH EMBODIMENTS> Although
in the fofegoing embodiments, the porous plate 32 providéd with the water-repellent layer
34 is disposed to contact the andde electrode layer 12a, the porous plate 32 may also be

disposed at a different site. For example, the porous plate 32 may be disposed only in a

" region where the water moving to the anode becomes markedly large in amount during

electricity generation.

[0094] <MODIFICATION 4 OF FIRST TO FOURTH EMBODIMENTS> The first
embodimeni and tﬁe second embodiment may be carried out in a combination.
Specifically, the water-repellent layer 34 may also be provided oﬁ’each bf the anode
electrode layer 12a-contacting surface of the porous plate 32 and the wall surfaces of the
shower holes 35.

[0095] In the foregoing embodiments, a structure in which the fuel gas supplied to
the anode is substantially .entirely consumed in the anode is adopted. As for the channel
construction for supplying fuel gas to the anode which is allowed by the operation
performed in this struéture, various constructions can be adopted. Representative |
examples of the channel construction include a comb-tooth type -constru‘ction, a
circulation type construction, etc., besides the foreéoing- shower channel type
construction.

[0096] <FIRST MODIFICATION OF GAS CHANNEL STRUCTURE (OTHER
SHOWER CHANNEL TYPES)> FIG 11 is an illustrative diagram showing a
construction of a first modification. The first modification has a construction in which a
dispersion plate 2100, corresponding to the shower plate 32 in the foregoing
embodiments, is formed as being integral with a membrane-electrode assembly 2000.

The membrane-electrode assembly 2000 has a hydrogen-side electrode 2200 and an

- electrolyte membrane 2300. Besides, the dispersion plate 2100 is provided with many
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pores (orifices) 2110 at predetermined intervals.
[0097] FIG. 12 is an illustrative diagram illustrating the functions of the diépersion
plate 2100. The fuel gas is distributed by an.upstream-side channel isolated by the

dispersion plate 2100 from the hydrogen-side electrode 2200 that consumes hydrogen gés.

The fuel gas distributed by the upstream-side channels passes through the pores 2110

formed in the dispersion plate 2100, and s supplied locally to the hydrogen-side
electrod:a 2200, which is a fuel gas consumption layer. That is, in this modification, the
fuel gas is supplied directly to sites in the hydrogen-side electrode 2200 Zthat correspond
to the position of existence of the pores 2110. Examples of the adoptable constructions
that realize this manner of local supply of the fuel gas include a construction that has a
channel't_hrough which the fuel gas is suppliéd directly to sites of consumption of the fuel
gas, without passing through other regions of the hydrogen-side electrode 2200, a
construction in which the fueln gas is supplied from a direction apart from the plane of the
‘hydro.gen-side electrode 2200 (preferably from a channel isolated from the hydrogep-side
electrode 2200) toward the hydrogen-side electrode 2200, mainly in a perpendicular
direction, etc. On the other hand, it suffices that the hydrogen-side electrode 2200 have
such a shape that the residence of nitrogen does not easily occur. For example, it
suffices that the hydrogen-side electrode 2200 have a shape that is formed by smooth
surfaces (flat surfz;lces) and that does not have a rece‘ss or the like on the electrolyte
membrane 2300 side.

[0098] The diameter and the pitch of the pores 2110 of the diépersion plate 2100 can
be empirically determined, and may also be set so that the flow rate of the fuel gas
\passing through the penetration holes 2110 can sufficiently restrain the reverse flow of
nitrogen gas caused by diffusion thereof, for example, in a predetermined operation state
(e.g., a rated operation state). It suffices to set the intervals and the channel sectional
areas of the pores 2110 so that a sufficient flow rate or a sufficient pressure in the pores
2110 is produce(i. For example, with regard to a solid polymer type fuel cell, it hias been
c;onfirme\d that a sufficient flow rate or a sufficient pressure loss is produced if the open

Y
area ratio of the dispersion plate 2100 is set at or below about 1%. The open area ratio
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is a proportion obtained by dividing the opening area of the dispersion plate 2100 by the
total area of the dispersion plate 2100. Because this open area ratio is one to two orders
smaller than that of the circulation-type fuel gas channel, the first modification is

essentially different from a construction in which a certain amount of flow of the fuel gas

‘is secured by employing a cbmpressor in a circulation-type fuel gas channel. In the

S~

- embodiments and modifications, a sufficient amount of the fuel gas is secured even in a-

structure of a low-open area ratio, by leading the high-pressure hydrogen from the fuel
tank directly to the fuel cell (or to the fﬁel cell with the pressure of the high-pressure
hydrogen having been adjusted to a predetermined high pressﬁre by the pressure
regulating valve).

[0099] <SECOND MODIFICATION OF GAS CHANNEL STRUCTURE> FIG. 13
is an illustrative diagram showing a construction of a second modification. In this
.modification, a dispersion plate 2101 disposed on a membrane-electrode assembly 2201
provided with a hydrogen-side electrode 2200 and an electrolyte membrane 2300 is
realized by using a closely packed porous body. The open area ratio of the porous body
of the dispersion plate 2101 is ;selcctéd so that a sufficient flow rate or a sufficient

pressure loss is produced. In the case where the pore construction is used, the fuel gas is

‘locallysupplied to each pore, that is, discretely, whereas in the case where the porous

body is used, there is an advantage of being able to continuously supply the fuél gas.
Besides, another advantage, ihe supplylo_f the fuel gas to the hydrogen-side eleptrode‘
2200 becoming more uniform, can be obtained. The cldsely packed porous body may
be produced by sintering carbon powder, or may also be produced by hardening carbon

powder or metal powder through the use of a binding agent. It suffices that the porous

body be a continuous porous body. The porous body may also have an anisotropy in

which the continuity in the direction of thickness is secured and the continuity in planar
directions is not secured. The open area ratio of the porous body may be determined in
the same manner as in the first modification of gas channel structure.

[0100] <THIRD MODIFICATION OF GAS CHANNEL STRUCTURE-> FIG. 14 is

an illustrative diagram showing a dispersion plate 2102 that is constructed through the
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use of a pressed metal, and FIG. 15 is a diagrammatic illustration showing a section taken
on a plane C-C indicated in FIG 14. The dispersion plate 2102 is provided with
protruded portions 2102t for forming channels on the upstream side of the dispersion
plate 2102, and a pore 2112 is formed in a side surface of each of the protruded portions
2102t. The dispersion plate 2102 is disposed on a hydrogen-side electrode 2200 side of

a membrane-electrode assembly 2202 that includes a hydrogen-.side electrode 2200 and

-an air-side electrode 2400 on both sides of an electrolyte membrane 2300. As shown in

FIG. 15, using the protruded portions 2102t, the channels on the upstream side of the
dispersion plate 2102 are integrally formed. The fuel gas is supplied to the
hydrogen-side electrode 2200 via the pores 2112 formed in the side surfaces of the
protruded portions 2102t.

[0101] According to this construction, the dispersion plate 2102 can easily be formed
by a pressing process, and there is also an advantage of the channel upstream of jthe
dispersion plate 2102 being able to be easily formed. The fuel gas having passed
through the pores 2112 reaches the hydrogen-side electrode 2200, via the spaces within
the protruded portions 2102t. Therefore, sufficient disperéibility can be secured. The
pores 2112 may be formed by the préssing process, or may also be formed by other
technique, sucﬁ as a discharging process or the like, in a pre-process step or a
post-process step with respect to the formation of the pr;)truded portions 2102t. The
.open area ratio provided by th(-: pores 2112 may be determined in substantially the same
manner as in the first modification of gas channel structure.

[0102] <FOURTH MODIFICATION OF GAS CHANNEL STRUCTURE> FIG. 16
is an illustrative diagram showing an example construction in which channels are formed
within a dispersion plate 2014hm. The dispersion plate 2014hm of this modification has
a plurality of channels 2142n that is formed in the direction of the short-sides of the
rectangular dispersion plate 2014hm, and many pores 2143n, that are open to fhe
hydrogen electrode side (not shown), extend from the channels 2142n in the‘ direction of
the thickness of the dispersion plate 2014hm. The dispersion plate 2014hm is disposed .

on a hydrogen-side electrode side of a membrane-electrode assembly 2203 that includes a
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hydrogen-side ele&rode (not shown) and an air-side electrode 2400 on both sides of an
electrofyte membrane 2300. The fuel gas is supplied via the dispersion plate 2014hm.
According to this construction, an advantage, the channels to the individual pores 2143n
being able to be individually prepared, can be obtained. Incidentally, although the
arrangement of the pores 2143n shown in FIG. 16 is of a zigzag Apattefn, the arrangement
thereof may be of a lattice pattern, or may also be arranged randomly to some degree.

'[0103] <FIFTH MODIFICATION OF GAS CHANNEL STRUCTURE> FIG. 17 is

an illustrative diagram showing an example in which a dispersion plate 2014hp is formed

through the use of pipes. The dispersion plate 2014ﬁp is provided with a réctangular
frame 2140 as shown in FIG. 17, and is also provided with many hollow pipes 2130 that
extend in the short-side direction of the rectangular frame 2140. A plurality of pores
2141n are formed in surfaces of the pipes 2130. This dispersion plate 2014hp is placed
on an hydrogen-side eiectrode 2200 of_é membrane-electrode assembly 2204 that
includes the hydrogeﬁ-side electrode 2200 and an electrolyte membrane 2300. When
the fuel gas is supplied through gas inflow openings formed in the frame 2140 of the
dispersion plate 2014hp, the fuel gas passes through the interior of each pipe 2130 of the
dispersion plate 2014hp, and is distributed to the hydrogen-side electrode 2200 through
the pores 2141n. According to this construction, an advantage, there being no need to
perform a hole-forming process in members or the like other than the pores 2141n in
order to construct the dispersion plate 2014hp, can be obtained, in addition to an
advantage of being able to uniformly disperse the fuel gas. The pores 2141n may be
disposed toward the hydrogen-side electrode 2200 side, or may also be disposed toward
the opposite side. In the latter case, the dispersibility of the-fuel gas is further bettered.
In addition, the pipes 2130 can correspond to a plurality of channels in the invention, and
the pores 2141n can correspond to many pores in the invention.

[0104] As described above, various constructions can be adopted as long as a

structure in which the fuel gas is guided while the fuel gas is being dispersed in the

| hydrogen-side electrode 2200 is provided. The dispersion plate is not limited to a

>porous bod); or a pressed metal, but may be made of any material as long as the
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dispersion plate is constructed to guide the fuel gas t6 the hyd_rogen-side electrode 2200
while distributing the fuel gas.

[0105] <SIXTH MODIFICATION (COMB-TOOTH CHANNEL TYPE) OF GAS
CHANNEL STRUCTURE; Although in the foregoing embodiments, the channels of the
fuel gas are of a porous channel type that spreads the fuel gaé to the entire electrode while

diffusing the fuel gas in directions along the sheet surface of the shower plate 32, the

construction of the channel of the fuel gas that can be addpted may vary.

[0106] FIG. 18 is a diégrammatic illustration showing an example construction that
employs a so-called branch channel type fuel gas channel. The fuel gas channel shown
is formed in a comb shape in a channel-forming member 5000 that is used instead of the
anode gas channel member 30 of the foregoing embodiments. Concretely, the gas
channel is formed of: a main channel 5010 that introduces the fuel gas; a plurality of
subsidiarsr channels 5020 that branch from the main channel 5010 and formed in a
direction that intersects with the main channel 5010; and comb-tooth channels 5030
further branching from the subsidiary channels 5020 in a comb shape. The main
channel 5010 and the subsidiary channels 5020 have sufficient channel séctional areas as
compared with the distal-end comb-tooth channels 5030. Therefore, the pressure
distribution in a plane of the channel-férming member 5000 is substantially the same as
or less than in the first porous channel layer 31. |

[0107] This channel-forming member 5000 can be formed by using a carbon, a me_tal,
etc. In the case where a carbon is used, the channel-forming member 5000 provided
with channels as shown in FIG. 18 can be obtained by sintering the carbon powder in a
mold either at a high temperature or a low temperature. In the case where a metal is
used, the channel-forming member 5000 provided with similar channels may be obtained
by cutting grooves in a metal plate, or the channel-forming member 5000 provided with
channels as shown FIG. 18 may also be obtained by a pressing process. In addition, the
channel-forming member 5000 does not need to be provided as a individual piece, but
may also be formed integrally with another member, for example, a separator or the like.

[0108] Incidentally, this channel-forming member 5000 may be used instead of each
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diffusi(;n channel layer, and may also replace each one of the diffusion channel layers and
the guide channel layers. In this case, it suffices that the comb-tooth channels 5030 be .
sufficiently narrow channéls and a great number of them be branched from the subsidiary
channels 5020 finely, that is>, in the fashion of capillary vessels. Besides, in FIG. 18, the

main channel 5010 is provided along one side edge portion of the channel-forming

- member 5000. However, in order to minimize the pressure difference of the fuel gas in

the plane of the channel-forming member 5000, the main channel 5010 may be provided -
aloﬁg a plurality of edge portions and the length of the subsidiary channels 5020 may be
shortened, or the main channel 5010 may be provided in the middle of the

channel-forming member and the subsidiary channels 5020 may be disposed on the left

-and right sides of the main channel 5010. Likewisé, the comb-tooth channels 5030 may

also be provided on two opposite sides of the subsidiary channels 5020. This

' _ channel-forming member 5000 is used in place of the porous body 31 of the foregoing

embodiment.

[0109] <SEVENTH MODIFICATION (SERPENTINE TYPE) OF GAS CHANNEL

STRUCTURE> FIGS. 19A and 19B are diagrammatic illustrations ‘schematically

showing example constructions of channel-forming members provided with serpentine

type channels that have zigzag shapes. FIG. 19A shows, as an example, a

channel-forming member 5100 that has a single channel for the fuel gas, and FIG. 19B

“shows, as an example, a channel-forming member 5200 in which a plurality of fuel gas

channels are integrated.

[0110] As shown in FIG. 1§A, the channel-forming member 5100 has a plurality of
channel walls 5120 that extend inward alternately from two opposite outer walls 5110,
5115 of the outer walls that surround the fuel gas channel. Portions partitioned by the
channel walls 5120 form a continuous channel. At an end of the channel, an inflow
opening 5150 is formed, and the fuél gas is supplied into the channel via the inflow
opening 5150. This channel-forming member 5100, similar to the channel-forming
member 5000 shown in FIG 18, is used in place of the porous body 31 of the

above-described embodiments.
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[0111] FIG. 19B shows an example in whicﬁ the serpentine type channel is
constructed as a bundle of channels. " In this case, partition walls 5230, 5240 that are not
connected to outer walls 5210, 5215 are provided between a plurélity of channel walls
5220 that -extend inward alternately from the two opposite outer walls -5210,‘ 5215.
Besid_es‘, an inflow opening 525.0 is formed at an inlet opening of the channel. The fuel
gas that has flown in via the inflow opening 5250 flows through the wide serpentine type
channel provided with the partition walls 5230, 5240, spreading to every portion of the
channel-forming member 5200 in the planar directions. This channel-forming member
5200, similar to the channel-forming member 5000 shown in FIG. 18, is used in place of
the porous body 31 of the above-described embodiments.

[0112] The channel-forming members 5100, 5200 shown in FIGS. 19A and 19B are
formed from a carbon or a metal, similarly to the éhannel-‘forming member 5000 having a
comb-shape channel shown in FIG. 18. The forming method for the channel-forming
members 5100, 5200 is also substantially the same as that for the channel-forming
member 5000. The channel-forming members 5100, 5200 do not need to be provided as
separately formed pieces, but may also b;: formed integrally with another member, for
example, a separator or the like. In addition, the inflow openings 5150, 5250 can
correspond to a main channel in the invention, and the serpentinc' type channel can
correspond to a'subsidiary channel in the invention. '

[0113] <FIRST MODIFICATION OF WAY OF SUPPLYING FUEL GAS> FIG. 20
is an illustrative diagram schematically showing an internal cénstruction of a circulation
path type fuel cell 6000, as a modification of the way of supplying the fuel gas. As
shown in FIG. 20, in the fuel cell 6000 of this modification, an anode-side separator 6200
is provided with a recess portion 6220 that forms a fuel gas channel, a fuel gas inlet port
6210, and a restriction plate 6230. The recess portion 6220 that forms a fuel gas
channel is formed entirely in a region of the anode-side separator 6200 that faces an
anode 6100 of a membrane electrode assembly. A nozzle 6300 is attached to the fuel

gas inlet port 6210 of the anode-side separator 6200 so that the nozzle 6300 can jet the

fuel gas toward the recess portion 6220. As the fuel gas is jetted from the nozzle 6300,
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the fuel gas is supplied from the fuel gas inlet port 6210 into the recess portion 6220.
The restriction platé 6230 is a member that restricts the flowing direction of the >fuel gas,
and stands from a bottom surface of the recess portion 6220, extending from the vicinity
of the nozzle 6300 to a neighborhood of the center of the recess portion 6220. An end
portion of the restriction plate 6230 that is close to the nozzle 6300 is cuived in
confonffnation with the shape of a side surface of the nozzle 6300, and a passageway A is
defined between the end portion of the restriction plate 6230 and the nozzle 6300.

[0114] In this fuel cell 6000, when the fuel gas supplied from the fuel gas inlet port
621‘0 is injected from an injection hole 6320 of the nozzle 6300 into a fuel gas channel
(the recess portion 6220), the fuel ’gas is restricted in the flowing direction by the
inner-side walls of the recessl portion 6220 of the anode-side separator 6200 and by the
restriction plate 6230, so that the fuel gas flows from the. upstream side to the
downstream side along the surface of the anode 6100, as shown by hollow arrows in FIG.
20. At this time, due to the ejector effect brought about by the high-speed fuel gas jetted
from the nozzle 6300, a fluid containing impurity gas and the fuel gas on the déwnstream
side is drawn through a gap (passageway A) that is provided between the nozzle 6300 and
the end, portion of the restriction plate 6230, and is circulated to the upstream side. In
this manner, the residence of the fluid in the fuel gas channel and on the surface of the
ahode 6100 can be restrained. _ |

[0115] Although in the fuel cell 6000 of the foregoihg modification, the fluid is
circulated in directions alo;lg the surface of the anode 6100 by utilizing the ejector effect,
any other construction may also be employed as long as the construction allows the fluid
to be circulated in directions along the surface of the anode within the fuel cell. For
example, in the fuel cell 6000, a rectifier plate may be provided at a site that can form a

fuel gas channel, such as a site in the surface of the anode 6100, the anode-side separator

16200, etc., instead of the nozzle 6300 or the restriction plate 6230, and the fluid may be

circulated in directions along the surface of the anode 6100 by this rectifier plate and the
flow of the fuel gas. Alternatively, a small actuator (e.g., a micro-machine) may be

incorporated along a circulation path in a gas channel, such as the recess portion 6220 or
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the like, to form a structure that causes the fuel gas to circulate. Furthermore, a

construction in which a temperature difference is provided within the recess portion 6220

and the convection is utilized to cause the circulation is also conceivable.

[0116] <SECOND AND THIRD MODIFICATIONS OF WAY OF SUPPLYING
FUEL GAS> Using FIGS. 21 and 22, modifications of the fuel gas supplying way of the
above-described embodimenfs will be described. FIG. 21 is an illustrative diagram
illustrating flows of the fuel gas as a second modification. FIG. 22 is an illustrative
diagram illustrating flows of the fuel gas as a third modifiéation. Firstly, constructions
common between the two modifications will be described. In these two fuel cells, the
electricity generation body includes a frame 7550, a membrane-electrode-gas diffusion
layer assembly (MEGA) 7510, and a porous body 7540. A central portion of the frame
7550 is provided with an opening portion 7555 to fit the MEGA 7510 in, and the MEGA
7510 is disposed to cover the opening portion 7555. The porous body 7540 is disposed
on the MEGA 7510. Besides, a plurality of penetration holes through which the fuel gas,
airor a codling water passes are provided in an outer peripheral portion of the frame 7550, |
which is the same as in the foregoing embodiments.

[0117] The second modlflcatlon and the third modification are substantlally the same
in the foregomg overall structure, and are also the same in that the fuel gas is supplled via
an anode—facing plate (not shown). The second and third modifications are different in
thé direction of the supply of the fuel to the porous body 7540. In the second
modification, a row of fuel gas supply openings 7417a for supplying the fuel gas to the
porous body 7540 is provided in the vicinity of a long side edge portion, among the outer
edge portions of the opening portion 7555 of the frame 7550, and another line of fuel gas
supply openings 7417b is disposed in the vicinity »of the other long side edge that is
opposite to the foregoing long side edge. On the other hand, in the third modification,
as shown in FIG. 22, fuel gas supply openings 7517a, 7517b are disposed adjacent to two‘
opposite short sides of the opening portion 7555.

[0118] In the second modification, the fuel gas passes through the fuel gas supply
holes 7417a or the fuel gas supply holeé 7417b into the porous body 7540, and is
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supplied in the porous body 7540 from the long side end portion sides toward a middle
portion of the porous body 7540, that is, in the direction of arrows 7600a (from up to
down in FIG 21) or in the direction of arrows 7600b (from down to up in FIG 21).
Thus, the fuel gas supplied into the porous body 7540 through the fuel gas supply holes
7417a and the fuel gas supplied into the porous body 7540 through the fuel gas supply
holes 7417b collide and mix with each other near the middle portion of the module. On
the other hand, in the third modification, the fuel gas passes through the fuel gas supply
holes 7517a or the fuel gas supply holes 7517b into the porous body 7540, and flows in
the porous body 7540 from the short side end portion sides toward a middle portion of fhe

porous body 7540, that is, in the direction of arrows 7700a (from left to right in FIG. 22)

~and in the direction of arrows 7700b (from right to left in FIG. 22). In the third

modification, too, the fuel gas supplied into the porous body 7540 through the fuel gas
supply holes 7517a and the fuel gas supplied into the porous body 7540 through the fuel

gas supply holes 7517b collide and mix with each other near the middle portion of the

module.

[0119] According to the second and third modifications described above, the fuel gas

is supplied to the porous body 7540 in two opposite directions from the fuel gas supply

" holes 7417a, 7417b (or the fuel gas supply holes 7517a, 7517b) that are provided near

two opposite side end portions of the porous body 7540. The opposing flows of the fuel
gas thus supplied collide and mix with each other in a middle portion of the porous body
7540. Therefore, the impurities, such as nitrogen gas or the like, being unlikely to
localize can be achieved. Hence, the electricity generation efficiency of the fuel cell can
be improved. Also, because the fuel gas is supplied from two opposite sides, an
advantage that the distribution of the fuel gas being restrained from deviating from a
desired one within the porous body 7540 can be achieved. Incidentally, although the

first and third modifications of the fuel gas supply configuration employ a porous body as

the fuel gas channel, the fuel gas channel is not limited to a porous body, but various

other supply methods described below may be used.

[0120] <FOURTH AND FIFTH MODIFICATIONS OF WAY OF SUPPLYING

36



10

15

20

25

WO 2009/010853 PCT/IB2008/001845

FUEL GAS> The fuel cells shown in FIGS. 23 and 24 have a first channel and a second
channel. The first channel is disposed to the upstream side of the second channel. The
first channel and the second channel are inierconnected by a high-resistance
communication portion 2100x that is higher in the flow resistance than the first channel
or the second channel. These channels introduce the fuel gas from outside of an
electricity generation region plane (the outside of the fuel cell) via a fuel gas introduction
opening (manifold). In other words, the supply of the fuel gas to the second channel is
introduced from the first channel mainly via the high-resistance communication porﬁon
2100x (e.g., only via the high-resistance communication portion 2100x).

[0121] In addition, the first channel and. the second channel can also be formed by
utilizing a porous body as in later-described embodiments, and may also be constructed
in a form in which, for example, seal members S1, S2 are sandwiched (FiG. 23), or a
honeycomb struétural member H2 is used (FIG. 24).

[0122] The high-resistance communication portion 2100x may be formed by using a
platy member in which a plurality of introduction portions 2110x (penetration holes) are
uniformly disposed and dispersed in planar directions as shown in FIG. 23 or 24. The .
high-resistance communication portion 2100x has at least one of the following roles to
carry out. A first role is a “role of restricting the supply of the fuel gas to a region in the
second channel that is in close proximity to a fuel gas introduction opehing”. Asecond
role is a “role of restraining the in-plane non-uniformity of the gas pressure that acts in a
direction perpendicular to the plane of the second channel along an anode reaction

portion”. A third role is a “role of converting the direction of the fuel gas flowing in

“planar directions in the first channel into a perpendicular-to-plane direction (or a direction

intersecting the plane)”.

[0123] <MODIFICATION 1 AT THE TIME OF STARTABILITY CONTROL OF
FUEL CELL> Next, a startup-time control of the fuel cells of the foregoing embodiments
will be described. In a fuel cell of this modification, when the fuel cell is started up, the
supply of the fuel gas to the anode-side fuel gas channel is started, and it is only after a

predetermined time TA elapses that a load is connected to the fuel cell and current is
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extrected from the fuel cell. Due to this operation, the leak gas (nitrogen gas or an inert
gas) having leaked from the cathode side to the anode side and having been residing
therein following the end of the electricity generation of the fuel cell is pushed back to
the cathode side by the pressﬁre of the fuel gas during a predetermined time TA. Hence,
after the amount of the leak gas residing in the anode side has decreased, a load is
connected to the fuel cell. Therefore, it is possible to restrain the occurrence of a
situation that at the startup of the fuel cell, the fuel is operated while the’ fuel gas is
lacking in the anode 820. Incidentally, the “start-up” herein means te supply the
reactant ga\ses.(the fuel gas and the oxidizing gals) to the fuel cell and connect a load to
the fuel cell. A reason why the leak gas resides in the anode side during a stop of the
fuel cell is that as a result of the stop of the supply of the fuel gas, the fuel gas pressure in
the anode side deteriorates. In particular, in the case where an anode dead-end
construction is adopted, the discharge of the leak gas to a discharge path by the supply of
the fuel gas cannot be expected. Therefore, it is effective to secure a sufficient time TA
following the start of the supply of the fuel gas before a load is connected to the fuel cell. |

[0124] <MODIFICATION 2 AT THE TIME OF STARTABILITY CONTROL OF
FUEL CELL> It is also possible to adopt a construction in which, at the time of startup of
the fuel cell, at least one of the amount of supply of the fuel gas and the predetermined |
time TA prior to the connection of an electrical load to the fuel cell is determined on the
basis of ‘the amount of the leak gas residing at the starting time .of operation of the fuel
cell. This leak gas residence emount may be estimated, for example, from the
temperature of the fuel cell or the duration of the stop of the fuel cell from the previous‘
end of the startup to the present startup of the fuel cell. The temperature of the fuel cell
can be detected, for exainple, on the basis of the temperature of the coolant that cools the
fuel cell, or the like. This will decrease the leak gas residence amount in the anode-side
fuel gas channel while realizing a shortened startup time of the fuel cell.

[0125] Furthermore, the tﬁning of connecting a load to the fuel cell at the time of
startup the_reof may be determined on the basis of the hydrogen concentration on the

anode side. In the fuel cells of the foregoing embodiments, a hydrogen concentration
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sensor is attached to a predetermined site in the anode-side fuel gas channel. At the
time of startup of the fuel cell, the hydrogen concentration value detected by the
hydrogen concentration sensor is monitored after the supply of the fuel gas to the

anode-side fuel gas channel is started. If an electrical load is connected to the fuel cell

- after the hydrogen concentration value becomes higher than a predetermined threshold

value, the operation with hydrogen lacking on the anode 820 can be restrained. Besides,
it is also possible to adopt a construction in which the timing at which an electrical load is

connected to the fuel cell is found from the anode-side pressure or temperature, or the

‘like.

[0126] Incidentally, although the foregoing embodiments and modifications are
described in conjunction with examples of solid polymer type fuel cells employing
membrane-electrode aésemblies as electricity generation bodies, the kinds of fuel cells to
which the invention is applicable are not limited so. It should be apparent that the
invention is also applicable to fuel cells of types other than the solid polymer type, for
example, a phosphoric acid type, a solid oxide type, a molten carbonate type, etc.

t0127] The characteristics or features of the fuel cell of the inventioh can also be
applied to fuel cells other than the fuel cells that perform the anode dead-end operation.

. [0128] While the invention has been described with referehée .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 int;:nded to
cover various modifications and equivalent arrangements. In addition, while the various
elements of the disclosed invention are shown in various example combinations and
configurations, other combinations and configurations, includi_ng more, less or only a

single element, are also within the scope of the appended claims.
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CLAIMS:
1. A fuel cell that performs an anode dead-end operation, characterized by comprising:

an electricity generation body in which an electrolyte membrane is sandwiched
between an anode and a cathode,

wherein the electricity generation body is constructed so that water contained in an
electricity generation region of the electricity generation body moves more easily from an

anode side to a cathode side than from the cathode side to the anode side.

2. The fuel cell according to claim 1, wherein the electricity generation body is
constructed so that at least one of the anode side and the cathode side of the electricity
generation body has one of water repellency and ﬁydrophilicity, whereby the water
cohtained in the electricity generation region of the electricity generation body moves
more easily from the anode side to the cathode side than from the cathode side to the

anode side.

3. The fuel cell according to claim 1 or 2, wherein the water contained in the electricity .
generation region of the electricity generation body is moved from the anode side to the

cathode side by a difference in the level of water repellency or the hydrophilic.

4. The fuel cell according to claim 3, further comprising a gas channel member for
supplying a reactant gas which is disposed at the anode side of the electricity generation
body,

- wherein the difference in the water repellency or the hydrophilicity is provided by a
water-repellent member being disposed in alportion of the gas channel memt;er that is

adjacent to the anode.

5. The fuel cell according to claim 3, further ‘comprising an air channel member for
supplying air which is disposed at the cathode side of the electricity generation body,

wherein the difference in the level of water repellency or the lhydrophilicity is
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provided by a hydrophilic member being disposed in a portion of the air channel member

that is adjacent to the cathode.

6. The fuel cell according to claim 3, further comprising:

a gas channel member for supplying a reactant gas which is disposed at the anode side
of the electricity generation body; and | |

an air channel member for supplying air which is disposed af trlfle cathode side of the
electricity gcﬂeration body, |

. wherein a first water-repellent member is disp(;sed in a portion of the gas channel

member that is adjacent to the anode,

wherein a second water-repellent member is disposed in a portion of ~the air channel
member that is adjacent to the cathode,

wherein the difference in the level of water repellency or the hydrophilicity is

provided by the water repellehcy of the first water-repellent member being larger than the

-water repellency of the second water-repellent member.

| 7. The fuel cell according to claim 3, further comprising:
a gas channel member for Supplying a reactant gas which is disposed at the anode side
of the electricity generation body, and
an air channel member for supplying air which is disposed at the cathode side of the
electricity generation body,
| wherein a first hydrophilic member is disposed in a portion of the gas channel mefnber
that is adjacent tolthc anode,
wherein a second hydrophilic member is disposed in a portion of the air cﬁannel
member that is adjacent to the cathode,
wherein the difference in the level of water repellency or the hydrophilicity is
provided by the hydrophilicity of the second hydrophilic member being larger than the

hydrophilicity of the first hydrophilic member.

41



WO 2009/010853 PCT/IB2008/001845

_ 8. The fuel cell according to claim‘3, further comprising:
a gas channel member for supplying a reactant gas which is disposed at the anode side
'of the electricity generation body, and
an air channel member for supplying air which is disposed at the cathode side of the
eléctricity generation body, .
wherein a water-repellent member is disposed in a portion of the gas channel member
that is adjacent to the anode, and |
wherein a hydrophilic membef is disposed in a portion of the air channel member that

is adjacent to the cathode.

9. The fuel cell according to any one of claims 4, 6 and 8, wherein at least a portion. of the
gas channel member is provided with a water-repellent layer which supplies the reactant
gas to the anode uniformly in a planar direction of the anode and to which the

water-repellent member is applied.

10. The fuel cell according to claim 9, wherein the gas channel member is constructed by

a porous plate that is provided with a plurélity of penetrated holes.

11. The fuel cell according to claim 10, wherein the water-repellent layer is provided in a

surface where the porous plate and the anode contact each other.

12. The fuel cell according to claim 10 or 11, wherein the water-repellent layer is

provided on wall surfaces of the plurality of penetrated holes.

13. The fuel ch11 according to any one of claims 10 to 12, wherein

the ~ water-repellent léyér includes a first water-repellent layer ‘and a second
water-repellent layer,

the first water-repellent layer is provided between the porous plate and the anode,

the second water-repellent layer is provided across the porous plate from the anode,
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and
the water repellency of the first water-repellent layer is different from the water

repellency of the second water-repellent layer.

14. The fuel cell according to any one of claims 5, 7 and 8, wherein the air channel

member is provided . with a hydrophilié layer to which the hydrophilic member is applied.

15. The fuel cell according to any one of claims 9 to 14, wherein

the anode has gas diffusivity, |

the gas channel member is provided with a supply member that is provided adjacent to
an outer side of the porous plate and that is for diffusing and supplying a fuel gas in a
direction along a plane of the poroﬁs plate, and

the porous plate, disposed to contact thé anode, is an electroconductive sheet shape

member whose gas permeation is restrained.

16. The fuel cell according to claim 15, wherein the plurality of penetrated hole are
provided in the porous plate so that there is no region in which electricity generation
stops as an impurity, that is not used in an electricity generation reaction, locally resides

~ at the anode side.

17. A fuel cell that performs an anode dead-end operation, characterized by comprising:
an electricity generation body in which an electrolyte membrane is sandwiched
between an anode and a cathode; and
a supply member that supplies a reactant gas to be supplied to the anode, uniformly in

a planar direction.

18. The fuel cell according to any one of claims 15 to 17, wherein
the supply member is a dispersion plate that is formed at the anode and that disperses

the reactant gas to the anode,
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the dispersion plate is provided with many pores, and
the reactant gas is supplied from the dispersion plate directly to sites in the anode that

correspond to positions of existence of the pores.

19. The fuel cell according to any one of claims 15 to 17, wherein
the supply member is a dispersion plate that is formed on the anode and that disperses -
the reactant gas to fhe anode,
the dispersion plate is made of a closely packed porous body, and

the reactant gas is continuously supplied from the dispersion plate to the anode.

20. The fuel cell according to claim 18 or 19, wherein open area ratio of the dispersion

plate is less than or equal to 1%.

21. The fuel cell according to any one of claims 15 to 17, wherein

the supply member is a dispersion plate that is formed at the anode and that disperses
the reactant gas to the anode,

the dispersion plate is provided with a protruded portion for forming an upstfeam-side
channel of the reactant gas,

a pore for forming a downstreain-side channel of the reactant gas is formed in a side
surface of the protruded portion, and

the reactant gas is supplied from the pore to the anode.

22. The fuel cell according to any one of claims 15 to 17, wherein
the supply member is a dispersion plate that is formed on the anode and that
disperses the reactant gas to the anode, and
the dispersion plate includes a plurality of channels that distribute the reactant gas
unifonﬁly ih a planar direction of the dispersion plate, and many pores thaf are open to

the anode and that supply the reactant gas from the plurality of channels to the anode.
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23. The fuel cell according to any one of claims 15 to 17, wherein
the supply member is a channel-forming member that directly supplies the reactant gas
‘to the anode, | |
the channel-forming member is formed of a rriain channel that introduces the fuel gas,
a pluralit)} of subsidiary channels that branch from the main channel and that are formeci
in a direction different from a direction in which the main channel is formed, and
“comb-tooth channels that branch from the subsidiary channels in a manner of comb teeth,
and

the reactant gas is supplied from the comb-tooth channels to the anode.

24. The fuel cell according to claim 23, wherein the channel-forming member is formed

integrally with a separator that partitions the electricity generation body.

25. The fuel cell according to any one of claims 15 to 17, wherein

the supply'member is formed in a separator that partitions the electricity generation
body,

the separator includes a recess portion that forms a gas channel, a reactant gas inlet
port formed in the recess portion, convection means provided in the recess portion, and
many pores provided in the recess portion,

the recess portion is formed at the anode side of the separator, and

the reactant gas supplied from the reactant gas inlet port is supplied to the anodf;‘ via

the many pores.

26. The fuel cell according to claim 25, wherein the convection means is at least one of
means for providing a temperature difference in the recess portion, a small actuator, a
current plate, and a restriction plate provided substantially at a middle of the recess

portion.

27. The fuel cell according to any one of claims 15 to 17, wherein
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the supply member is constructed of a channel that is formed between the anode and a
separator that partitions the electricity generation body,
the channel includes a first channel at a separator side, a second channel at the anode

side, and introduction portions uniformly disposed between the first -channel and the

second channel, and

the reactant gas is supplied from the second channel to the anode.

28. The fuel cell according to claim 27, wherein
the second channel is constructed in a honeycomb shape, and

the introduction portions communicate with individual chambers formed in the

. honeycomb shape.
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FIG. 11

FIRST MODIFICATION OF FUEL GAS CHANNEL
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FIG.13

SECOND MODIFICATION OF FUEL GAS CHANNEL
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FIG. 14

THIRD MODIFICATION OF FUEL GAS CHANNEL
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FIG.16

FOURTH MODIFICATION OF FUEL GAS CHANNEL
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FIG. 17

FIFTH MODIFICATION OF FUEL GAS CHANNEL
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FIG. 18
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FIG. 21
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FIG. 23

OTHER EMBODIMENT (1)
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OTHER EMBODIMENT (2)

Sp
~

FUEL GAS

+ 4+ 4+ + o+ o+ o+ |+ o+

+ + +

\ - INTRODUCED
| 2110x  FIRST CHANNEL 2100x
% | | SlCIOND ) X
l CHANNEL I M I : _\1,
+ + + + + + 0+ { + + + 4+ +/+ { +/+ f/+ +/+ +/ + /+ \/'4- + +

+ o+

+ + + + +

+
*
+ 4+ 4+ + 4+ 4+ + + + 4 +

+
+

+

+

+

+

+ +

+ + 4

SECTION X X

Cat\ M

e



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings

