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Description

[0001] The presentinvention relates to a fuel cell stack
formed by stacking an electrolyte electrode assembly
and separators alternately, and providing terminal plates
at opposite ends in a stacking direction of the fuel cell
stack. The electrolyte electrode assembly includes a pair
of electrodes, and an electrolyte interposed between the
electrodes. Further, the present invention relates to a
method of producing the fuel cell stack.

[0002] Generally, a solid polymer electrolyte fuel cell
employs a membrane electrode assembly (MEA) which
comprises a pair of electrodes (anode and cathode) and
an electrolyte membrane interposed between the elec-
trodes. The electrolyte membrane is a polymer ion ex-
change membrane. The membrane electrode assembly
is interposed between separators.

[0003] In the fuel cell, a fuel gas (reactant gas) such
as a gas chiefly containing hydrogen (hydrogen-contain-
ing gas) is supplied to the anode. The catalyst of the
anode induces a chemical reaction of the fuel gas to split
the hydrogen molecule into hydrogen ions (protons) and
electrons. The hydrogen ions move toward the cathode
through the electrolyte, and the electrons flow through
an external circuit to the cathode, creating a DC electric
current. A gas chiefly containing oxygen (oxygen-con-
taining gas) or air is supplied to the cathode. At the cath-
ode, the hydrogen ions from the anode combine with the
electrons and oxygen to produce water.

[0004] At opposite ends of the fuel cell in a stacking
direction, terminal plates for collecting electrical energy
generated in the fuel cell are provided. Insulator plates
are provided on the outside of the terminal plates. Fur-
ther, end plates for tightening the fuel cell are provided
on the outside of the insulator plates.

[0005] In the fuel cell, passages for a fuel gas, an ox-
ygen-containing gas, and a coolant are provided. It has
been pointed out thatleakage of electrical energy through
water produced in the power generation or a coolant may
occur undesirably. In an attempt to address the problem,
U.S. patent No. 4,371,433 discloses a technique in which
sealing grommets (tubular members) such as insulating
rubbers are inserted into reactant gas passages formed
in bipolar plates of a fuel cell for insulating the reactant
gas passages.

[0006] However, U.S. patent No. 4,371,433, is not
practical. In order to effectively prevent leakage of elec-
trical energy, the grommet needs to be attached to each
of the terminal plates, the insulating plates, and the end
plates. Therefore, a large number of grommets are re-
quired, and the overall cost of the fuel cell is large.
[0007] US-2002/0058177 discloses a fuel cell stack
with terminal plates having passages formed through
them in a stacking direction, and a grommet having an
insulating capability covers the edge of each passage.
[0008] The entire terminal plate is generally made of
a conductive metal, and has a considerably large mass.
The terminal plate needs to have at least a certain thick-
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ness for preventing losses due to electrical resistance in
collecting electrical energy from the terminal plate. Con-
sequently, the terminal plate has a large mass, and the
fuel cell including the terminal plate is heavy.

[0009] A general object of the present invention is to
provide a fuel cell stack and a method of producing the
fuel cell stack in which electrical energy is collected from
terminal plates desirably, and the terminal plates have a
light weight.

[0010] According to the present invention, terminal
plates are provided at opposite ends in a stacking direc-
tion of a fuel cell stack.

[0011] Each ofthe terminal plates has an electron con-
ductive area connected to the electrode, and a passage
areaincluding at least one of a reactant gas passage and
acoolant passage. The electron conductive area is made
of a composite of porous metal and resin, and the pas-
sage area is made of insulating resin.

[0012] Preferably, the terminal plate includes a termi-
nal connected to the electron conductive area for collect-
ing electrical energy from the fuel cell stack to the outside.
Metal density changes in the electron conductive area
such that metal density gets higher at a position closer
to the terminal. The electrical resistance is low near the
terminal. Therefore, heat generation due to concentra-
tion of electric current flowing toward the terminal does
not occur. The metal is used as needed. Therefore, the
amount of metal used near the terminal is optimized ac-
cording to the amount of electric current flowing into the
terminal. Thus, by changing metal density depending on
the position in the electron conductive area, it is possible
to effectively reduce the total amount of metal used in
the electron conductive area. The terminal plate thus pro-
duced has a light weight in comparison with a terminal
plate using foamed metal having a uniform metal density.
[0013] Preferably, a surface of the electron conductive
area in contact with the separator is coated using a con-
ductive material such as gold, platinum, or a metal which
is not oxidized easily. Since it is not required to coat the
entire surface of the electron conductive area, the
amount of noble metal used for coating is small, and the
contact resistance is small.

[0014] Preferably, the terminal includes a planar por-
tion connected to a surface of the electron conductive
area. Thus, the terminal and the electron conductive area
are suitably combined with high rigidity. Electrical energy
can be collected efficiently.

[0015] Preferably, the porous metal and the insulating
resin are combined together in the electron conductive
area by injection molding or resin impregnation molding.
The injection molding and resin impregnation molding
are effective in filling the insulating resin into pores of the
foamed metal in comparison with heat compression
molding using resin pellets. With the simple production
process, it is possible to produce the terminal plate of the
desired quality easily at a low cost. The time needed for
molding is reduced dramatically, and the production of
the fuel cell stack is carried out efficiently.
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[0016] Preferably, the electron conductive area is pro-
duced before combining the electron conductive area
and the passage area together. The resin used for the
passage area may be different from the resin used for
the electron conductive area. Thus, suitable resin for the
non-electron conductive passage area can be selected
from various types of resin. For example, resin combined
with a seal, resin which does not absorb much water, or
resin which is reinforced by a glass fiber may be used as
the insulating resin for the passage area.

[0017] The electron conductive area and the terminal
may be connected by diffusion bonding or brazing for
connecting the electron conductive area and the terminal
at a large number of connecting points. Thus, the elec-
trical resistance between the electron conductive area
and the terminal is small.

[0018] The electron conductive area and the terminal
may be connected by electron beam welding or laser
beam welding for limiting raise of temperature at a local
point. Thus, the thermal deformation can be minimized.
[0019] The above and other objects, features and ad-
vantages of the present invention will become more ap-
parent from the following description when taken in con-
junction with the accompanying drawings in which pre-
ferred embodiments of the present invention are shown
by way of illustrative example.

FIG. 1is a perspective view showing a fuel cell stack,
partially in cross section, formed by stacking fuel
cells according to a first embodiment of the present
invention;

FIG. 2is an exploded perspective view showing main
components of the fuel cell;

FIG. 3 is a side view showing a joint body;

FIG. 4 is a cross sectional view showing an injection
molding machine;

FIG. 5is a perspective view showing a terminal plate
ofafuel cell stack according to a second embodiment
of the present invention;

FIG. 6 is a perspective view showing a terminal plate
of a fuel cell stack according to a third embodiment
of the present invention;

FIG.7AandFIG. 7B are views showing a first method
of producing a foamed metal;

FIG. 8A and FIG. 8B are views showing a second
method of producing the foamed metal;

FIG. 9is a view showing a third method of producing
the foamed metal;

FIG. 10 is a view showing a fourth method of pro-
ducing the foamed metal;

FIG. 11 is a cross-sectional view showing a terminal
plate of a fuel cell stack according to a fourth em-
bodiment of the present invention;

FIG. 12 is a cross-sectional view showing a terminal
plate of a fuel cell stack according to a fifth embod-
iment of the present invention;

FIG. 13 is a perspective view, with a partial cutaway,
of a terminal plate of a fuel cell stack according to a
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sixth embodiment of the present invention;

FIG. 14 is a perspective view, with a partial cutaway,
of a terminal plate of a fuel cell stack according to a
seventh embodiment of the present invention;

FIG. 15 is a perspective view showing a terminal
plate of a fuel cell stack according to an eighth em-
bodiment of the present invention;

FIG. 16 is a cross sectional view showing a first in-
jection molding machine;

FIG. 17 is a cross sectional view showing a second
injection molding machine; and

FIG. 18 is cross sectional view showing a resinous
junction.

[0020] FIG. 1is a perspective view showing a fuel cell
stack 12, partially in cross section, formed by stacking
fuel cells 10 according to a first embodiment of the
presentinvention. FIG. 2is an exploded perspective view
showing main components of the fuel cell 10.

[0021] The fuel cell 10 includes a membrane electrode
assembly (electrolyte electrode assembly) 18, and first
and second separators 14, 16 for sandwiching the mem-
brane electrode assembly 18. A plurality of the fuel cells
10 are stacked together in a direction indicated by an
arrow A to form a cell assembly 20. As shown in FIG. 1,
terminal plates 24a, 24b are provided at opposite ends
of the cell assembly 20 in the stacking direction indicated
by the arrow A. Insulating plates 28a, 28b are stacked
on the outside of the terminal plates 24a, 24b, respec-
tively. Further, end plates 26a, 26b are stacked on the
outside of the insulating plates 28a, 28b, respectively.
[0022] As shown in FIG. 2, at one end of the fuel cell
10 in a horizontal direction indicated by an arrow B, an
oxygen-containing gas supply passage (reactant gas
passage) 30a for supplying an oxygen-containing gas
and a fuel gas discharge passage (reactantgas passage)
32b for discharging a fuel gas such as a hydrogen-con-
taining gas are arranged in a vertical direction indicated
by an arrow C. The oxygen-containing gas supply pas-
sage 30a and the fuel gas discharge passage 32b extend
through the fuel cell 10 in the stacking direction indicated
by the arrow A.

[0023] Attheotherend ofthe fuel cell 10inthe direction
indicated by the arrow B, a fuel gas supply passage (re-
actant gas passage) 32a for supplying the fuel gas and
an oxygen-containing gas discharge passage (reactant
gas passage) 30b for discharging the oxygen-containing
gas are arranged in the direction indicated by the arrow
C. The fuel gas supply passage 32a and the oxygen-
containing gas discharge passage 30b extend through
the fuel cell 10 in the direction indicated by the arrow A.
[0024] At a lower end of the fuel cell 10, two coolant
supply passages (coolant passage) 34a are provided for
supplying a coolant. At an upper end of the fuel cell 10,
two coolant discharge passages (coolant passage) 34b
are provided for discharging the coolant.

[0025] The membrane electrode assembly 18 com-
prises an anode 38, a cathode 40, and a solid polymer
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electrolyte membrane 36 interposed between the anode
38 and the cathode 40. The solid polymer electrolyte
membrane 36 is formed by impregnating a thin mem-
brane of perfluorosulfonic acid with water, for example.
[0026] Each of the anode 38 and the cathode 40 has
a gas diffusion layer, and an electrode catalyst layer of
platinum alloy supported on porous carbon particles. The
carbon particles of the electrode catalyst layer are de-
posited uniformly on the surface of the gas diffusion layer.
The electrode catalyst layer of the anode 38 and the elec-
trode catalyst layer of the cathode 40 are fixed to both
surfaces of the solid polymer electrolyte membrane 36,
respectively.

[0027] The first separator 14 includes an oxygen-con-
taining gas flow field 42 on its surface 14a facing the
membrane electrode assembly 18. The oxygen-contain-
ing gas flow field 42 is connected to the oxygen-contain-
ing gas supply passage 30a at one end, and connected
to the oxygen-containing gas discharge passage 30b at
the other end. The oxygen-containing gas flow field 42
comprises a plurality of grooves extending in the direction
indicated by the arrow B, for example.

[0028] The second separator 16 includes a fuel gas
flow field 44 on its surface 16a facing the membrane elec-
trode assembly 18. The fuel gas flow field 44 is connected
to the fuel gas supply passage 32a at one end, and con-
nected to the fuel gas discharge passage 34b at the other
end. The fuel gas flow field 44 comprises a plurality of
grooves extending in the direction indicated by the arrow
B, for example. Further, the second separator 16 has a
coolant flow field 46 on its surface 16b opposite to the
surface 16a. The coolant flow field 46 is connected to the
coolant supply passages 34a at one end, and connected
to the coolant discharge passages 34b at the other end.
The coolant flow field 46 comprises a plurality of grooves
extending in the direction indicated by the arrow C.
[0029] Theterminal plate 24aincludes an electron con-
ductive area 50 electrically connected to the anode 38,
and a passage area 52. The oxygen-containing gas sup-
ply passage 30a, the fuel gas discharge passage 32b,
the fuel gas supply passage 32a, the oxygen-containing
gasdischarge passage 30b, the coolant supply passages
34a, and the coolant discharge passages 34b are formed
in the passage area 52.

[0030] The electron conductive area 50 of the terminal
plate 24aincludes porous metal such as a foamed metal
50a. For example, the foamed metal 50a is made of non-
corrosive metal material with a good electrical conduc-
tivity, which is resistant to rust by water, and corrosion-
free in the presence of a strong acid. For example, stain-
less steel, titanium, or nickel are used as the non-corro-
sive metal material. For example, insulating resin 51 such
as thermoplastic resin or thermosetting resin is impreg-
nated in the foamed metal 50a to form the electron con-
ductive area 50. The passage area 52 of the terminal
plate 24a is made of insulating resin 51.

[0031] The terminal plate 24a includes a terminal 54
connected to the electron conductive area 50. Electrical
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energy is collected from the terminal 54 to the outside.
At an end of the terminal 54, a screw 54a is provided for
attaching a lug terminal 56 to the screw 54a (see FIG. 1).
[0032] The terminal plate 24b has the same structure
as the terminal plate 24a. The constituent elements of
the terminal plate 24b that are identical to those of the
terminal plate 24a are labeled with the same reference
numeral, and description thereof is omitted. The insulat-
ing plates 28a, 28b have tubular members 58a, 58b for
inserting the terminals 54 of the terminal plates 24a, 24b,
respectively.

[0033] Next, a method of producing the terminal plate
24a of the fuel cell stack 12 according to the first embod-
iment of the present invention will be described.

[0034] AsshowninFIG. 3, the foamed metal 50a hav-
ing dimensions corresponding to the membrane elec-
trode assembly 18 shown in FIG. 2 and the terminal 54
are prepared. Interfaces between the foamed metal 50a
and the terminal 54 are jointed by brazing or by diffusing
bonding to form a joint body 58.

[0035] AsshowninFIG. 4, the joint body 58 is installed
in an injection molding machine 60. The injection molding
machine 60 includes a first die 62 and a second die 64.
A cavity 66 is formed between the first and second dies
62, 64. The cavity 66 has a shape corresponding to a
shape of the terminal plate 24a. A resin inlet 68 and a
passage 70 for injecting the insulating resin 51 into the
cavity 66 is formed in the second die 64.

[0036] In the injection molding machine 60, when the
first and second dies 62, 64 are opened, the joint body
58 is placed in the first die 62 using positioning pins 72.
A plurality of bosses (cores) 74 are provided in the cavity
66 forforming the oxygen-containing gas supply passage
30a, the fuel gas discharge passage 32b, the fuel gas
supply passage 32a, the oxygen-containing gas dis-
charge passage 30b, the coolant supply passages 34a,
and the coolant discharge passages 34b.

[0037] When the first and the second dies 62, 64 are
closed, the insulating resin 51 is injected from the resin
inlet 68. The insulating resin 51 flows through the pas-
sage 70, and is filled in the cavity 66. Thus, the electron
conductive area 50 of a composite including different ma-
terials is produced by impregnating the foamed metal
50a with the insulating resin 51, and the passage area
52 of the insulating resin 51 is produced. The electron
conductive area 50 and the passage area 52 are molded
together to form the terminal plate 24a.

[0038] The terminal plate 24b is produced in the same
manner as the terminal plate 24a, and description thereof
is omitted.

[0039] Next, operation of the fuel cell 10 will be de-
scribed.
[0040] As shown in FIG. 2, an oxygen-containing gas

is supplied to the oxygen-containing gas supply passage
30a, and a fuel gas such as a hydrogen-containing gas
is supplied to the fuel gas supply passage 32a. Further,
a coolant such as pure water, an ethylene glycol or an
oil is supplied to the coolant supply passages 34a.
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[0041] The oxygen-containing gas flows from the ox-
ygen-containing gas supply passage 30a into the oxy-
gen-containing gas flow field 42 formed on the first sep-
arator 14, and flows along the cathode 40 of the mem-
brane electrode assembly 18 to induce an electrochem-
ical reaction at the cathode 40. The fuel gas flows from
the fuel gas supply passage 32a into the fuel gas flow
field 44, and flows along the anode 38 of the membrane
electrode assembly 18 to induce an electrochemical re-
action at the anode 38.

[0042] In the membrane electrode assembly 18, the
oxygen-containing gas supplied to the cathode 40, and
the fuel gas supplied to the anode 38 are consumed in
the electrochemical reactions at the electrode catalyst
layers of the cathode 40 and the anode 38 for generating
electricity.

[0043] After the oxygen-containing gas is consumed
at the cathode 40, the oxygen-containing gas is dis-
charged into the oxygen-containing gas discharge pas-
sage 30b, and flows in the direction indicated by the arrow
A. Similarly, after the fuel gas is consumed at the anode
38, the fuel gas is discharged into the fuel gas discharge
passage 32b, and flows in the direction indicated by the
arrow A.

[0044] The coolant flows from the coolant supply pas-
sages 34a into the coolant flow field 46 between the first
separator 14 and the second separator 16, and flows
vertically (upwardly). After the coolant is used for cooling
the membrane electrode assembly 18, the coolant is dis-
charged into the coolant discharge passages 34b.
[0045] In the first embodiment, the terminal plate 24a
includes the electron conductive area 50 and the pas-
sage area 52. The electron conductive area 50 is made
of a composite of the foamed metal 50a and the insulating
resin 51. The passage area 52 is made of the insulating
resin 51. Thus, the amount of metal used in the terminal
plate 24a is small, and the terminal plate 24a has a light-
weight.

[0046] For example, if a conventional terminal plate
24a which is made only of copper (specific gravity =
8.96g/cm3) has a thickness of 3 mm, a width of 200 mm,
and a length of 300 mm, the weight of the terminal plate
24ais 1612g.

[0047] Inanexample of the first embodiment, the pow-
er generation area of the terminal plate 24a is made of
the foamed metal 50a having a porosity of 70%, and has
a thickness of 3 mm, a width of 140 mm, and a length of
220 mm. The remaining area of the terminal plate 24a is
made of resin (specific gravity = 2g/cm3). The weight of
the terminal plate 24a according to the first embodiment
of the present invention is 553g. Thus, weight reduction
of about 1000g is achieved in the terminal plate 24a ac-
cording to the first embodiment in comparison with the
conventional structure.

[0048] Humidified gas or water produced in the elec-
trochemical reaction is likely to be trapped in the oxygen-
containing gas supply passage 30a, the oxygen-contain-
ing gas discharge passage 30b, the fuel gas supply pas-
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sage 32a, and the fuel gas discharge passage 32b. Fur-
ther, if impurities are mixed into the coolant, the ion con-
ductivity of the coolant may be increased.

[0049] In the first embodiment, the passage area 52 is
made of the insulating resin 51 without using metal.
Therefore, no corrosions or elusions occur in the passage
area 52. Thus, it is not required to provide any grommets
or insulating coating around the fluid passages. With the
simple structure, the terminal plate 24ais produced easily
at a low cost.

[0050] Inthe firstembodiment, as shown in FIG. 3, the
terminal 54 is connected to the foamed metal 50a by
brazing or by diffusing bonding. Thus, it is possible to
connect a large number of contact points on the connect-
ing surfaces of the foamed metal 50a and the terminal
54 to effectively reduce the electrical resistance between
the foamed metal 50a and the terminal 54. Alternatively,
the foamed metal 50a and the terminal 54 are connected
by electron beam welding or laser welding for limiting
raise of temperature at a local point. Thus, the thermal
deformation can be minimized.

[0051] In the first embodiment, the joint body 58 is
placed in the injection molding machine 60, and the
foamed metal 50ais impregnated with the insulating resin
51. The passage area 52 made only of the insulating
resin 51 is formed around the bosses 74. The injection
molding and resin impregnation molding are effective in
filling the insulating resin 51 into pores of the foamed
metal 50a in comparison with heat compression molding
using resin pellets. With the simple production process,
it is possible to produce the terminal plate 24a of the
desired quality easily at a low cost. The time needed for
molding is reduced dramatically, and the production of
the terminal plate 24a is carried out efficiently.

[0052] FIG. 5 is a perspective view schematically
showing a terminal plate 80 of a fuel cell stack according
to a second embodiment of the present invention. The
constituent elements that are identical to those shown of
the terminal plate 24a of the fuel cell stack 12 according
to the first embodiment are labeled with the same refer-
ence numeral, and description thereof is omitted. Like-
wise, in third through eighth embodiments as described
later, constituent elements that are identical to those
shown of the terminal plate 24a of the fuel cell stack 12
according to the first embodiment are labeled with the
same reference numeral, and description thereof is omit-
ted.

[0053] The terminal plate 80 includes an electron con-
ductive area 82 and a passage area 52. A surface of the
electron conductive area in contact with a separator (not
shown) is cut away such that the metal surface of the
foamed metal 50a is exposed. Then, the exposed metal
surface is electroplated. Specifically, the metal surface
of the foamed metal 50a is covered by a conductive coat-
ing material 84 such as gold, platinum, or a metal which
is not oxidized easily.

[0054] In the second embodiment, since it is not re-
quired to coat the entire surface of the terminal plate 80,
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the amount of noble metal used for coating is small, and
the contact resistance is small. The terminal plate 80 is
economical.

[0055] FIG. 6 is a perspective view showing a terminal
plate 100 of a fuel cell stack according to a third embod-
iment of the present invention.

[0056] Theterminalplate 100includes anelectroncon-
ductive area 102 and a passage area 52. Metal density
in the electron conductive area 102 changes such that
the electron conductive area 102 has a high metal density
at a position close to the terminal 54, and has a low metal
density at a position away from the terminal 54. For ex-
ample, a low porosity region 104a having a porosity of
30% is provided centrally in the electron conductive area
102 where the terminal 54 is connected. Further, an in-
termediate porosity region 104b having a porosity of 60%
is provided around the low porosity region 104a, and a
high porosity region 104c having a porosity of 90 % is
provided around the intermediate porosity region 104b.
[0057] The electron conductive area 102 including the
regions of different metal densities can be produced in
various methods described below.

[0058] According to a first method, as shown in FIG.
7A, a uniformfoamed metal 106 is machined into a shape
having different thicknesses, corresponding to the low
porosity region 104a, the intermediate porosity region
104b, and the high porosity region 104c.

[0059] Then, the foamed metal 106 is placed into the
injection molding machine 60. The foamed metal 106
may be compressed into a plate shape, and then, placed
into the injection molding machine 60 (see FIG. 7B). By
injection molding using the insulating resin 51, the termi-
nal plate 100 including the electron conductive area 102
and the passage area 52 is produced.

[0060] According to a second method, as shown in
FIG. 8A, a uniform foamed metal 108a corresponding to
the high porosity region 104a, a uniform foamed metal
108b corresponding to the foamed metal 104b, and a
uniform foamed metal 108c corresponding to the low po-
rosity region 104c are used.

[0061] Interfaces of the foamed metals 108a through
108c are jointed, for example, by diffusion bonding, to
produce a single foamed metal 106. Then, the foamed
metal 106 is placed into the injection molding machine
60. The foamed metal 106 may be compressed into a
plate shape, and then, placed into the injection molding
machine 60 (see FIG. 8B). By injection molding using the
insulating resin 51, the terminal plate 100 including the
electron conductive area 102 and the passage area 52
is produced.

[0062] According to a third method, as shown in FIG.
9, adie 112 having a stepped cavity 110 is used for mold-
ing the foamed metal. According to a fourth method, as
shown in FIG. 10, a die 116 having a sloped cavity 114
is used for molding the foamed metal. According to a fifth
method, a foamed metal having different porosities is
used for molding.

[0063] In the third embodiment, metal density in the
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electron conductive area 102 changes such that metal
density increases as it gets closer to the terminal 54.
Therefore, electrical resistance is not large near the ter-
minal 54 where electrical current is concentrated. Thus,
it is possible to prevent excessive heat generation near
the terminal 54. The amount of metal used near the ter-
minal 54 is optimized according to the amount of electric
current flowing into the terminal 54. Since the metal is
used as needed, by changing metal density depending
on the positions in the electron conductive area 102, it is
possible to effectively reduce the overall amount of metal
used in the electron conductive area 102. Thus, the
foamed metal has a light weight in comparison with the
foamed metal having a uniform metal density. Since the
uniform foamed metal may be used to produce the
foamed metal 106 having different metal densities, the
foamed metal 106 can be produced simply at a low cost.
[0064] FIG. 11is a cross sectional view showing a ter-
minal plate 120 of a fuel cell stack according to a fourth
embodiment of the present invention.

[0065] Theterminal plate 120 includes an electroncon-
ductive area 122 and a passage area 52. Metal density
in the electron conductive area 122 changes such that
the electron conductive area has a high metal density at
a position close to the terminal 54, and has a low metal
density at a position away from the terminal 54. Specifi-
cally, a first foamed metal 124 having a porosity of 90%
and a second foamed metal 126 having a porosity of 40%
are used in the electron conductive area 122. A recess
128 is formed centrally in the first foamed metal 124.
[0066] The second foamed metal 126 is provided in
the recess 128 of the first foamed metal 124 by diffusion
bonding, for example. Therefore, the terminal plate 120
has a uniform thickness over the entire electron conduc-
tive area 122. The terminal 54 is connected to a central
region of the second foamed metal 126 before the second
foamed metal 126 is provided in the first foamed metal
124.

[0067] Thus, in the fourth embodiment, electrical re-
sistance near the terminal 54 is reduced. As with the third
embodiment, the fourth embodiment is advantageous in
that excessive heat generation or the like does not occur
near the terminal 54. The first and second foamed metals
124, 126 may be compressed into a plate shape under
pressure to produce the electron conductive area 122.
[0068] FIG. 12isaperspective view showing aterminal
plate 140 of a fuel cell stack according to a fifth embod-
iment of the present invention.

[0069] Theterminalplate 140includes an electron con-
ductive area 142 and a passage area 52. As shown in
FIG. 12, the electron conductive area includes an exten-
sion plate 144 extending upwardly. Aterminal 146 is con-
nected to the extension plate 144.

[0070] The electron conductive area 142 includes a
low porosity region 148a having a porosity of 30% near
the terminal 146. An intermediate porosity region 148b
having a porosity of 60% is provided around the low po-
rosity region 148a, and a high porosity region 148c having
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a porosity of 90% is provided around the intermediate
porosity region 148b, for example.

[0071] As described above, in the fifth embodiment,
the terminal 146 is connected to the extension plate 144
extending upwardly in the electron conductive area 142.
In the electron conductive area 142, the porosity near
the terminal 146 is low, and thus, the metal density near
the terminal 146 is high. The fifth embodiment is advan-
tageous as with the third and fourth embodiments.
[0072] FIG. 13is a perspective view, with a partial cut-
away, showing a terminal plate 160 of a fuel cell stack
according to a sixth embodiment of the present invention.
[0073] The terminal plate 160 includes a terminal 162
connected to an electron conductive area 50. The termi-
nal 162 includes a disk-shaped portion 164 provided
along a surface of the electron conductive area 50. The
disk-shaped portion 164 is provided in a disk-shaped re-
cess 166 of the electron conductive area 50, for example,
by diffusion bonding.

[0074] In the sixth embodiment, the terminal 162 and
the electron conductive area 50 are combined together
to effectively enhance the rigidity, and improve efficiency
in collecting electricity. The thickness of the foamed metal
50a is thin. Thus, the terminal plate 160 is compact, and
produced at a low cost.

[0075] FIG. 14 is a perspective view, with a partial cut
away, showing a terminal plate 180 of a fuel cell stack
according to a seventh embodiment of the present inven-
tion.

[0076] The terminal plate 180 includes a terminal 182,
and a planar plate 184 of the terminal 182 is in contact
with the separator. The planar plate 184 and the electron
conductive area 50 have the same size. The planar plate
184 is jointed to the electron conductive area 50. Thus,
the planar plate 184, the electron conductive area 50,
and the passage area 52 are combined together to form
the terminal plate 180.

[0077] In the seventh embodiment, the planar portion
(metal plate) 184 isin contact with the separator to reduce
the contact resistance. The terminal plate 180 has a light
weight.

[0078] FIG.15isaperspective view showingaterminal
plate 200 of a fuel cell stack according to an eighth em-
bodiment of the present invention.

[0079] Theterminalplate 200includes anelectron con-
ductive area 50 and a passage area 202. The electron
conductive area 50 is produced separately from the pas-
sage area 202, and then, jointed to the passage area
202. The electron conductive area 50 is made of a com-
posite which is obtained by impregnating a foamed metal
50a with insulating resin 51. The passage area 202 is
made of insulating resin 51a which is different from the
insulating resin 51 of the electron conductive area 50.
For example, resin combined with a seal, resin which
does not absorb much water, or resin which is reinforced
by a glass fiber may be used as the insulating resin 51a
of the passage area 202.

[0080] FIG. 16is across sectional view showing a first
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injection molding machine 210 for producing the electron
conductive area 50, and FIG. 17 is a cross sectional view
showing a second injection molding machine 212 for pro-
ducing the passage area 202 around the electron con-
ductive area 50.

[0081] Firstly, when first and second dies 62a, 64a of
a first injection molding machine 210 as shown in FIG.
16 are opened, positioned away from each other, a joint
body 58 is placed in a cavity 66a of the first die 62a using
positioning pins 72a. After the first and second dies 62a,
64a are closed to contact with each other, insulating resin
51 is injected into the resin inlet 68a for impregnating the
foamed metal 50a with the insulating resin 51 to form the
electron conductive area 50.

[0082] Then, the electron conductive area 50 is taken
out from the first injection molding machine 210, and
transferred to the second injection molding machine 212.
When first and second dies 62b, 64b are opened, posi-
tioned away from each other, the electron conductive ar-
ea 50 is placed in a cavity 66b of the first die 62b using
positioning pins 72b.

[0083] Bosses 74 for forming fluid passages are pro-
vided in the cavity 66b. After first and second dies 62b,
64b are closed to contact with each other, insulating resin
51a is injected into the cavity 66b. The insulating resin
51a is molded around the electron conductive area 50 to
form the passage area 202. Thus, the terminal plate 200
including the electron conductive area 50 and the pas-
sage area 202 is produced as shown FIG. 15.

[0084] A glass fiber may be used in the passage area
202 for reinforcing the terminal plate 200. Water resistive
resin may be used to improve resistance of the terminal
plate 200 against the coolant, water vapor, and con-
densed water. As shown in FIG. 18, the electron conduc-
tive area 50 and the passage area 202 may be jointed
such that the electron conductive area 50 and the pas-
sage area 202 are partially overlapped with each other
for improving the joint strength.

[0085] According to the present invention, a terminal
plate includes an electron conductive area and a passage
area. The electron conductive area is connected to an
electrode, and made of a composite of porous metal and
resin. The passage areais made of insulating resin. Thus,
the amount of metal used in the terminal plate is signifi-
cantly reduced, and the terminal plate has a light weight.
Electrical energy can be collected efficiently from the
electron conductive area. The passage area is insulated
reliably using the insulating resin. Therefore, it is not re-
quired to provide any grommets or insulating coating
around fluid passages.

Claims

1. A fuel cell stack formed by stacking an electrolyte
electrode assembly (18) and separators (14), and
terminal plates (24a) in a stacking direction such that
said electrolyte electrode assembly (18) and sepa-
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rators (14) are stacked alternately, and said terminal
plates (24a) are provided at opposite ends in said
stacking direction of said fuel cell stack,

said electrolyte electrode assembly (18) including an
anode (38), a cathode (40), and an electrolyte (36)
interposed between said anode (38) and said cath-
ode (40), wherein

each of said terminal plates (24a) has an electron
conductive area (50) and a passage area (52) in-
cluding at least one of a reactant gas passage (30a)
and a coolant passage (34a);

characterised in that:

said electron conductive area (50) is made of a
composite of porous metal (50a) and resin (51);
and

said passage area (52) is made of insulating res-
in (51).

A fuel cell stack according to claim 1, wherein said
terminal plate (24a) further includes a terminal (54)
connected to said electron conductive area (50) for
collecting electrical energy from said fuel cell stack,
and

metal density changes in said electron conductive
area (50) such that metal density gets higher at a
position closer to said terminal (54).

A fuel cell stack according to claim 1, wherein a sur-
face of said electron conductive area (50) connected
to said separator (14) is coated using a conductive
material.

A fuel cell stack according to claim 1, wherein said
terminal (54) includes a planar portion (164) con-
nected to a surface of said electron conductive area
(50).

A fuel cell according to claim 1, wherein said resin
(51) of said electron conductive area (50) and said
insulating resin of said passage area (52) are com-
bined together.

A terminal plate (24a) for collecting electrical energy
generated in a fuel cell (10), said terminal plate (24a)
comprising:

an electron conductive area (50) connected
electrically to an electrode (38); and

a passage area (52) including at least one of a
reactant gas passage (30a) and a coolant pas-
sage (34a);

characterised in that:

said electron conductive area (50) is made
of a composite of porous metal (50a) and
resin (51); and

said passage area (52) is made of insulating
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10.

11.

12.

resin (51).

A method of producing a fuel cell stack by stacking
an electrolyte electrode assembly (18) and separa-
tors (14), and terminal plates (24a) in a stacking di-
rection such that said electrolyte electrode assembly
(18) and separators (14) are stacked alternately, and
said terminal plates (24a) are provided at opposite
ends in said stacking direction of said fuel cell stack,
said electrolyte electrode assembly (18) including an
anode (38), a cathode (40), and an electrolyte (36)
interposed between said anode (38) and said cath-
ode (40), wherein each of said terminal plates (24a)
has an electron conductive area (50) and a passage
area (52) including at least one of a reactant gas
passage (30a) and a coolant passage (34a),

said method characterised by the steps of:

producing said electron conductive area (50) us-
ing a composite of porous metal (50a) and resin
(51); and

producing said passage area (52) using insulat-
ing resin (51).

A method of producing a fuel cell stack according to
claim 7, further comprising the step of connecting a
terminal (54) to said electron conductive area (50),
wherein metal density changes in said electron con-
ductive area (50) such that metal density gets higher
at a position closer to said terminal (54).

A method of producing a fuel cell stack as claimed
in claim 7 or 8, wherein said porous metal (50a) and
said insulating resin (51) are combined together by
injection molding or resin impregnation molding.

A method of producing a fuel cell stack as claimed
in claim 7 or 8, wherein said electron conductive area
(50) is produced before combining said electron con-
ductive area (50) and said passage area (52) togeth-
er.

A method of producing a fuel cell stack as claimed
in claim 8, 9 or 10, wherein said electron conductive
area (50) and said terminal (54) are connected by
diffusion bonding or brazing.

A method of producing a fuel cell stack as claimed
in claim 8, 9 or 10, wherein said electron conductive
area (50) and said terminal (54) are connected by
electron beam welding or laser beam welding.

Patentanspriiche

1.

Brennstoffzellenstapel, gebildet durch Stapeln einer
Elektrolytelektrodenanordnung (18) und von Sepa-
ratoren (14) sowie von Anschlussplatten (24a) in ei-
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ner Stapelrichtung, derart, dass die Elektrolytelek-
trodenanordnung (18) und die Separatoren (14) ab-
wechselnd gestapelt sind und die Anschlussplatten
(24a) an entgegengesetzten Enden in der Stapel-
richtung des Brennstoffzellenstapels vorgesehen
sind,

wobei die Elektrolytelektrodenanordnung (18) eine
Anode (38), eine Kathode (40) und einen zwischen
der Anode (38) und der Kathode (40) eingefligten
Elektrolyten (36) enthalt, wobei

jede der Anschlussplatten (24a) einen Elektronen-
leitungsbereich (50) und einen Kanalbereich (52),
der einen Reaktionsgaskanal (30a) und/oder einen
Kuhimittelkanal (34a) enthalt, aufweist;

dadurch gekennzeichnet, dass:

der Elektronenleitungsbereich (50) aus einem
Komposit von porésem Metall (50a) und Harz
(51) hergestellt ist; und

der Kanalbereich (52) aus Isolierharz (51) her-
gestellt ist.

Brennstoffzellenstapel nach Anspruch 1, worin die
Anschlussplatte (24a) ferner einen Anschluss (54)
enthalt, der mit dem Elektronenleitungsbereich (50)
verbunden ist, um elekirische Energie von dem
Brennstoffzellenstapel zu sammeln, und

sich die Metalldichte in dem Elektronenleitungsbe-
reich (50) derart andert, dass die Metalldichte an ei-
ner dem Anschluss (54) naheren Position héher
wird.

Brennstoffzellenstapel nach Anspruch 1, worin eine
Oberflache des Elektronenleitungsbereichs (50), die
mit dem Separator (14) verbunden ist, mittels eines
leitfahigen Materials beschichtet ist.

Brennstoffzellenstapel nach Anspruch 1, worin der
Anschluss (54) einen ebenen Abschnitt (164) ent-
halt, der mit einer Oberflache des Elektronenlei-
tungsbereichs (50) verbunden ist.

Brennstoffzellenstapel nach Anspruch 1, worin das
Harz (51) des Elektronenleitungsbereichs (50) und
das Isolierharz des Kanalbereichs (53) miteinander
kombiniert sind.

Anschlussplatte (24a) zum Sammeln von in einer
Brennstoffzelle (10) erzeugter elektrischer Energie,
wobei die Anschlussplatte (24a) aufweist:

einen Elektronenleitungsbereich (50), der mit ei-
ner Elektrode (38) elektrisch verbunden ist; und
einen Kanalbereich (52), der einen Reaktions-
gaskanal (30a) und/oder einen Kuhimittelkanal
(34a) enthalt;

dadurch gekennzeichnet, dass

der Elektronenleitungsbereich (50) aus einem
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10.

11.

Komposit von porésem Metall (50a) und Harz
(51) hergestellt ist; und

der Kanalbereich (52) aus Isolierharz (51) her-
gestellt ist.

Verfahren zum Herstellen eines Brennstoffzellen-
stapels durch Stapeln einer Elektrolytelektrodenan-
ordnung (18) und von Separatoren (14) sowie von
Anschlussplatten (24a) in einer Stapelrichtung, so-
dass die Elektrolytelektrodenandordnung (18) und
die Separatoren (14) abwechselnd gestapelt sind
und die Anschlussplatten (24a) an entgegengesetz-
ten Enden in der Stapelrichtung des Brennstoffzel-
lenstapels vorgesehen sind;

wobei die Elektrolytelektrodenanordnung (18) eine
Anode (38), eine Kathode (40) und einen zwischen
der Anode (38) und der Kathode (40 eingefligten
Elektrolyten (36) enthalt, worin jede der Anschluss-
platten (24a) einen Elektronenleitungsbereich (50)
und einen Kanalbereich (52), der einen Reaktions-
gaskanal (30a) und/oder einen Kuhimittelkanal (34a)
enthalt, aufweist,

wobei das Verfahren durch die Schritte gekenn-
zeichnet ist:

Herstellen des Elektronenleitungsbereich (50)
mittels eines Komposits von porésem Metall
(50a) und Harz (51); und

Herstellen des Kanalbereichs (52) mittels Iso-
lierharz (51).

Verfahren zum Herstellen eines Brennstoffzellen-
stapels nach Anspruch 7, das ferner den Schritt um-
fasst, einen Anschluss (54) mit dem Elektronenlei-
tungsbereich (50) zu verbinden,

wobei sich die Metalldichte in dem Elektronenlei-
tungsbereich (50) derart &ndert, dass die Metalldich-
te an einer dem Anschluss (54) ndheren Position
héher wird.

Verfahren zum Herstellen eines Brennstoffzellen-
stapels nach Anspruch 7 oder 8, worin das porése
Metall (50a) und das Isolierharz (51) durch Spritz-
gieBen oder HarzimpragniergielRen miteinander
kombiniert werden.

Verfahren zum Herstellen eines Brennstoffzellen-
stapels nach Anspruch 7 oder 8, worin der elektro-
nenleitfahige Bereich (50) hergestellt wird, bevor der
Elektronenleitungsbereich (50) und der Kanalbe-
reich (50) miteinander kombiniert werden.

Verfahren zum Herstellen eines Brennstoffzellen-
stapels nach Anspruch 8, 9 oder 10, worin der Elek-
tronenleitungsbereich (50) und der Anschluss (54)
durch Diffusionsverklebung oder Léten verbunden
werden.
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12. Verfahren zum Herstellen eines Brennstoffzellen-

stapels nach Anspruch 8, 9 oder 10, worin der Elek-
tronenleitungsbereich (50) und der Anschluss (54)
durch ElektronenstrahlschweiBung oder Laser-
strahlschweiung verbunden werden.

Revendications

Empilement de piles a combustible formé en empi-
lant un ensemble d’électrodes électrolytique (18) et
des séparateurs (14), et des plaques terminales
(24a) dans une direction d’empilage de sorte que
lesdits ensemble d’électrodes électrolytique (18) et
séparateurs (14) soient empilés de maniére alter-
née, et que lesdites plaques terminales (24a) soient
prévues aux extrémités opposées dans ladite direc-
tion d’empilage dudit empilement de piles a combus-
tible,

ledit ensemble d’électrodes électrolytique (18) com-
prenantune anode (38), une cathode (40), etun élec-
trolyte (36) interposé entre ladite anode (38) et ladite
cathode (40), dans lequel

chacune desdites plaques terminales (24a) compor-
te une région conductrice d’électrons (50) et une ré-
gion de passage (52) comprenant au moins un parmi
un passage de gaz réactif (30a) et un passage
d’agent de refroidissement (34a) ;

caractérisé en ce que :

ladite région conductrice d’électrons (50) est
réalisée en un composite de métal poreux (50a)
et de résine (51) ; et

ladite région de passage (52) est réalisée en
une résine isolante (51).

Empilement de piles a combustible selon la reven-
dication 1, dans lequel ladite plaque terminale (24a)
comprend en outre une borne (54) connectée aladite
région conductrice d’électrons (50) pour collecter
I'énergie électrique provenant dudit empilement de
piles a combustible, et

la densité de métal varie dans ladite région conduc-
trice d’électrons (50) de sorte que la densité de métal
augmente a une position plus prés de ladite borne
(54).

Empilement de piles a combustible selon la reven-
dication 1, dans lequel une surface de ladite région
conductrice d’électrons (50) reliée audit séparateur
(14) est revétue en utilisant un matériau conducteur.

Empilement de piles a combustible selon la reven-
dication 1, dans lequel ladite borne (54) comprend
une partie plane (164) reliée a une surface de ladite
région conductrice d’électrons (50).

Empilement a combustible selon la revendication 1,
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10

dans lequel ladite résine (51) de ladite région con-
ductrice d’électrons (50) et ladite résine isolante de
ladite région de passage (52) sont combinées 'une
avec l'autre.

Plaque terminale (24a) pour collecter I'énergie élec-
trique générée dans une pile a combustible (10), la-
dite plaque terminale (24a) comprenant :

une région conductrice d’électrons. (50) con-
nectée électriquement a une électrode (38) ; et
une région de passage (52) comprenant au
moins un parmi un passage de gaz réactif (30a)
et un passage dagent de refroidissement
(34a);

caractérisée en ce que :

ladite région conductrice d’électrons (50)
est réalisée en un composite de métal po-
reux (50a) et de résine (51) ; et

ladite région de passage (52) est réalisée
en une résine isolante (51).

Procédé de fabrication d’'un empilement de piles a
combustible en empilant un ensemble d’électrodes
électrolytique (18) et des séparateurs (14), et des
plaques terminales (24a) dans une direction d’em-
pilage de sorte que lesdits ensemble d’électrodes
électrolytique (18) et séparateurs (14) soientempilés
de maniére alternée, et que lesdites plaques termi-
nales (24a) soient prévues aux extrémités opposées
dans ladite direction d’empilage dudit empilement
de piles a combustible,

ledit ensemble d’électrodes électrolytique (18) com-
prenantune anode (38), une cathode (40), etun élec-
trolyte (36) interposé entre ladite anode (38) et ladite
cathode (40), dans lequel chacune desdites plaques
terminales (24a) comporte une région conductrice
d’électrons (50) et une région de passage (52) com-
prenant au moins un parmi un passage de gaz réactif
(30a) et un passage d’agent de refroidissement
(34a),

ledit procédé étant caractérisé par les étapes con-
sistant a :

fabriquer ladite région conductrice d’électrons
(50) en utilisant un composite de métal poreux
(50a) et de résine (51) ; et

fabriquer ladite région de passage (52) en utili-
sant une résine isolante (51).

Procédé de fabrication d’'un empilement de piles a
combustible selon la revendication 7, comprenant
en outre I'étape consistant a connecter une borne
(54) a ladite région conductrice d’électrons (50),

dans lequel la densité de métal varie dans ladite ré-
gion conductrice d’électrons (50) de sorte que laden-
sité de métal augmente a une position plus prés de
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ladite borne (54).

Procédé de fabrication d’'un empilement de piles a
combustible selon la revendication 7 ou 8, dans le-
quel ledit métal poreux (50a) et ladite résine isolante
(51) sont combinés I'un avec I'autre par moulage par
injection ou par moulage parimprégnation de résine.

Procédé de fabrication d’'un empilement de piles a
combustible selon la revendication 7 ou 8, dans le-
quel ladite région conductrice d’électrons (50) est
fabriquée avant la combinaison de ladite région con-
ductrice d’électrons (50) et de ladite région de pas-
sage (52) 'une avec l'autre.

Procédé de fabrication d’'un empilement de piles a
combustible selon la revendication 8, 9 ou 10, dans
lequel ladite région conductrice d’électrons (50) et
ladite borne (54) sont connectées par une liaison par
diffusion ou par brasage.

Procédé de fabrication d’'un empilement de piles a
combustible selon la revendication 8, 9 ou 10, dans
lequel ladite région conductrice d’électrons (50) et
ladite borne (54) sont connectées par soudage par
faisceau d’électrons ou par soudage par faisceau
laser.
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