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DESCRIPTION

TECHNICAL FIELD

[0001] The present invention relates to a fuel cell which includes a single cell configured such
that electrode layers are formed on the upper and lower surfaces, respectively, of an
electrolyte layer and which generates electricity through supply of fuel gas to one electrode
layer (hereinafter, called an anode layer) side and oxidizer gas to the other electrode layer
(hereinafter, called a cathode layer) side, as well as to a fuel cell stack in which a plurality of
the fuel cells are fixedly stacked.

BACKGROUND ART

[0002] Conventionally, as described in, for example, Patent Document 1, there is a fuel cell
including a pair of interconnectors; a single cell located between the interconnectors and
configured such that a cathode layer is formed on one surface of an electrolyte layer, and an
anode layer is formed on the other surface; and current-collecting members disposed between
the cathode layer and the interconnector and between the anode layer and the interconnector,
respectively, to electrically connect the cathode layer and the interconnector, and the anode
layer and the interconnector.

[0003] The current-collecting members of the fuel cell have a structure in which nail-like
electrically conductive members are raised through cutting from a flat-plate-like current-
collecting plate, and the flat surface of the current-collecting plate is joined to the
interconnector, while tips of the electrically conductive members are brought in contact with a
single cell, thereby establishing electrical connection.

PRIOR ART DOCUMENT

PATENT DOCUMENT

[0004] Patent Document 1: Japanese Patent Application Laid-Open (kokai) No. 2009-266533
WQ02009025613, W0O2011040875 and JP2007035498 disclose a fuel cell comprising current
collecting members.

SUMMARY OF THE INVENTION
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PROBLEM TO BE SOLVED BY THE INVENTION

[0005] In some cases, the conventional current-collecting member which is brought in contact
with a single cell through elasticity of the electrically conductive members fails to have
expected elastic force due to plastic deformation as a result of use over a long period of time,
deterioration in strength of the electrically conductive members caused by high-temperature
heat generated in the course of generating electricity, and influence of creep deformation on
the electrically conductive members. In such a case, the electrically conductive members have
failed to follow deformation of the single cell resulting from temperature cycles and fluctuations
in fuel pressure and air pressure; as a result, contact has potentially become unreliable,
potentially resulting in unreliable electrical connection between the cathode layer and the
interconnector or between the anode layer and the interconnector.

[0006] Also, in the case of combined occurrence of the above-mentioned causes for
deterioration in elastic force of the electrically conductive members, portions of the electrically
conductive members expected to come into contact with the single cell may come into contact
with the interconnector side; incidentally, the current-collecting member is formed of a material
excellent in joining to the interconnector, since the current-collecting member is joined at its flat
surface to the interconnector; thus, if, as mentioned above, the electrically conductive
members come into contact with the interconnector side in a high-temperature environment in
the course of generating electricity, the electrically conductive members may be joined to the
interconnector side through sintering in some cases. In such a case, the electrically conductive
members are integrated with the interconnector; accordingly, contact with the single cell
becomes difficult; therefore, there has been a risk of unreliable electrical connection between
the cathode layer and the interconnector or between the anode layer and the interconnector.

[0007] The present invention has been conceived in view of the foregoing, and an object of
the invention is to provide a fuel cell and a fuel cell stack which can maintain good electrical
connection even in use over a long period of time.

MEANS FOR SOLVING THE PROBLEM

[0008] In order to achieve the above-mentioned object, the present invention provides a fuel
cell comprising:

a pair of interconnectors;

a single cell located between the interconnectors and having an electrolyte layer and electrode
layers formed on upper and lower surfaces, respectively, of the electrolyte layer; and

current-collecting members disposed between the electrode layers and the interconnectors,
respectively, and adapted to electrically connect the corresponding electrode layers and
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interconnectors;
the fuel cell being characterized in that

the current-collecting member corresponding to at least one of the electrode layers comprises
a connector contact portion in contact with the interconnector, a cell contact portion in contact
with the electrode layer of the single cell, a connection portion connecting the connector
contact portion and the cell contact portion, and a spacer disposed between the connector
contact portion and the cell contact portion; and

an end of the spacer located opposite the connection portion protrudes from at least one of an
end of the cell contact portion located opposite the connection portion and an end of the
connector contact portion located opposite the connection portion.

[0009] Also, the above fuel cell may be characterized in that the electrolyte layer is a plate-like
one.

[0010] In order to achieve the above-mentioned object, as described in a claim, the present
invention provides a fuel cell comprising:

a pair of interconnectors;

a single cell located between the interconnectors and having a plate-like electrolyte layer and
electrode layers formed on upper and lower surfaces, respectively, of the electrolyte layer; and

current-collecting members disposed between the electrode layers and the interconnectors,
respectively, and adapted to electrically connect the corresponding electrode layers and
interconnectors;

the fuel cell being characterized in that

the current-collecting member corresponding to at least one of the electrode layers comprises
a connector contact portion in contact with the interconnector, a cell contact portion in contact
with the electrode layer of the single cell, a connection portion connecting the connector
contact portion and the cell contact portion, and a spacer disposed between the connector
contact portion and the cell contact portion; and

an end of the spacer located opposite the connection portion protrudes from at least one of an
end of the cell contact portion located opposite the connection portion and an end of the
connector contact portion located opposite the connection portion.

[0011] As described in another claim, the present invention provides a fuel cell according to
the aforementioned claim, wherein the end of the spacer located opposite the connection
portion protrudes from both of the end of the cell contact portion located opposite the
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connection portion and the end of the connector contact portion located opposite the
connection portion.

[0012] As described in another claim, the present invention provides a fuel cell according to
any one of the aforementioned claims, wherein, as viewed in plane, at least a portion of the
current-collecting member opposite the current-collecting member corresponding to the one
electrode layer is in contact with the other electrode layer in a region where the spacer is in
contact with the cell contact portion and with the connector contact portion.

[0013] As described in another claim, the present invention provides a fuel cell according to
any one of the aforementioned claims, wherein, as viewed in plane, the entire region of contact
between the cell contact portion and the electrode layer is contained in a region of the spacer.

[0014] As described in another claim, the present invention provides a fuel cell according to
any one of the aforementioned claims, wherein the spacer is of at least one of mica, alumina
felt, vermiculite, carbon fiber, silicon carbide fiber, and silica.

[0015] As described in another claim, the present invention provides a fuel cell according to
any one of the aforementioned claims, further comprising a tightening member for unitarily
tightening a stack of the interconnectors, the single cell, and the current-collecting members,
wherein the tightening member and the spacer press the cell contact portion of the current-
collecting member against the single cell and the connector contact portion of the current-
collecting member against the interconnector.

[0016] As described in another claim, the present invention provides a fuel cell according to
any one of the aforementioned claims, wherein the spacer is higher in thermal expansion
coefficient in a tightening direction than the tightening member.

[0017] As described in another claim, the present invention provides a fuel cell according to
any one of the aforementioned claims, wherein the current-collecting members are formed of a
porous metal, a metal mesh, wire, or a punched metal.

[0018] As described in another claim, the present invention provides a fuel cell according to
any one of the aforementioned claims, wherein the cell contact portion of the current-collecting
member is joined to a surface of the electrode layer of the single cell.

[0019] As described in another claim, the present invention provides a fuel cell according to
any one of the aforementioned claims, wherein the connector contact portion of the current-
collecting member is joined to the interconnector.

[0020] As described in another claim, the present invention provides a fuel cell according to
any one of the aforementioned claims, wherein the current-collecting member is disposed
between the electrode layer corresponding to fuel gas and the interconnector and is formed of
Ni or an Ni alloy.
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[0021] As described in another claim, the present invention provides a fuel cell stack
configured such that a plurality of the fuel cells according to any one of the aforementioned
claims are stacked and fixed together by the tightening member.

EFFECTS OF THE INVENTION

[0022] According to the fuel cell described in the aforementioned claim, since the spacer
restrains deformation of the connector contact portion and the cell contact portion in a direction
opposite contact, the connector contact portion and the cell contact portion are unlikely to
undergo plastic deformation and are unlikely to be affected by deterioration in strength caused
by high-temperature heat generated in the course of generating electricity or by creep
deformation. Also, since the spacer intervenes between the connector contact portion and the
cell contact portion of the current-collecting member and prevents contact therebetween, there
is no risk of the connector contact portion and the cell contact portion joining through sintering
as a result of exposure to high-temperature heat generated in the course of generating
electricity. Therefore, there can be prevented integration of the connector contact portion and
the cell contact portion and associated instability of electrical connection. Furthermore, since
the fuel cell of the present invention is configured such that the end of the spacer protrudes
from at least one of the end of the cell contact portion located opposite the connection portion
and the end of the connector contact portion located opposite the connection portion, contact
pressure can be effectively applied to at least the one of the cell and connector contact
portions up to its end. Thus, since a wide electrical contact area can be secured, even in use
over a long period of time, good electrical connection can be maintained.

[0023] Furthermore, according to the fuel cell described in the claim, since both of the cell
contact portion and the connector contact portion do not protrude from the spacer, the ends of
the cell contact portion and the connector portion are less deformed and are thus free from
curly deformation. Thus, seizure between the cell contact portion and the connector contact
portion can be effectively prevented.

[0024] Furthermore, according to the fuel cell described in the claim, since a contact region
between the spacer and the cell contact portion, a contact region between the spacer and the
connector contact portion, and a contact region between the opposite electrode layer and the
current-collecting member corresponding to the opposite electrode layer are aligned with one
another, contact pressure is efficiently applied to the contact regions while a harmful planar
bending moment, which is a potential cause of breakage of the single cell, is hardly applied to
the contact regions.

[0025] Also, according to the fuel cell described in the claim, since the spacer covers the
entire contact region between the cell contact portion and the electrode layer, appropriate
contact pressure can be applied to the entire contact region.
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[0026] Also, by means of the spacer being formed of a material described in the claim,
appropriate contact pressure can be continuously applied to the current-collecting members
even in a high-temperature environment in the course of generating electricity.

[0027] Also, according to the fuel cell described in the claim, the interconnectors, the single
cell, and the current-collecting members are stacked and tightened together with the tightening
member, whereby, with the spacer functioning as a core, the cell contact portion of the current-
collecting member is reliably in contact with the electrode layer, and the connector contact
portion of the current-collecting member is reliably in contact with the interconnector; therefore,
electrical connection established by the current-collecting members is stabilized.

[0028] Also, according to the fuel cell described in the claim, the spacer is higher in thermal
expansion coefficient than is the tightening member; thus, even though the tightening member
thermally expands through exposure to heat in the course of generating electricity, causing
deterioration in tightening force of tightening together the interconnectors, the single cell, and
the current-collecting members, since the spacer thermally expands more than do the
tightening members, an action of pressing against the current-collecting members is
maintained.

[0029] Also, by means of the current-collecting members being formed of a porous metal, a
metal mesh, wire, or a punched metal as described in the claim, diffusivity of fuel gas and
oxidizer gas is improved as compared with the case of the current-collecting members being
formed of a simple plate material.

[0030] Also, in the case of the cell contact portion being joined to the surface of the electrode
layer of the single cell as described in the claim, since the cell contact portion unitarily follows
deformation of the single cell resulting from temperature cycles and fluctuations in fuel
pressure and air pressure, stable electrical connection is established.

[0031] Also, by means of the connector contact portion of the current-collecting member being
joined to the interconnector as described in the claim, even though the single cell is deformed
as a result of temperature cycles and fluctuations in fuel pressure and air pressure, electrical
connection can be stably maintained between the connector contact portion and the
interconnector.

[0032] Also, by means of the current-collecting member being disposed between the anode
layer and the interconnector and being formed of Ni or an Ni alloy as described in the claim,
the cell contact portion and the connector contact portion of the current-collecting member can
be joined to the anode layer and the interconnector, respectively, merely through application of
heat after the fuel cell is assembled.

[0033] Specifically, in view of material properties, Ni or an Ni alloy is excellent in joining to the
anode layer and to the interconnector; furthermore, the cell contact portion and the connector
contact portion of the current-collecting member are reliably in contact with the single cell and
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the interconnector, respectively, by virtue of the spacer's pressing; thus, through application of
heat after completion of assembly, the cell contact portion is diffusion-bonded to Ni contained
in the anode layer of the single cell, and the connector contact portion is diffusion-bonded to
the interconnector, whereby these members are integrated together. In this manner, when the
cell contact portion and the connector contact portion are integrated with the single cell and the
interconnector, respectively, through bonding, electrical connection is stabilized between the
cell body and the interconnector.

[0034] Since the temperature of the fuel cell reaches around 700°C to 1,000°C, the cell
contact portion and the connector contact portion can be joined to the anode layer and the
interconnector, respectively, with heat generated in the course of generating electricity.
Therefore, a step of applying heat can be eliminated, whereby energy can be saved.

[0035] Also, since the fuel cell stack described in the claim is configured such that a plurality of
the fuel cells according to any one of the aforementioned claims are stacked and fixed together
by the tightening member, good electrical connection can be maintained in use over a long
period of time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036]

[FIG. 1] Perspective view of fuel cell apparatus.

[FIG. 2] Perspective view of a fuel cell.

[FIG. 3] Exploded perspective view of the fuel cell.

[FIG. 4] Exploded perspective view of the fuel cell showing limited components thereof.

[FIG. 5] Longitudinal sectional view showing the fuel cell with its laterally intermediate portion
omitted.

[FIG. 6] Longitudinal sectional view taken orthogonally to FIG. 5.
[FIG. 7] Sectional view taken along line A-A of FIG. 5.

[FIG. 8] Sectional view taken along line B-B of FIG. 5.

[FIG. 9] Perspective view of current-collecting members.

[FIG. 10] FIG. 10(a) is a perspective view of a spacer, and

FIG. 10(b) is a perspective view of a sheet of the current-collecting members to be assembled
to the spacer.

[FIG. 11] Perspective view showing a modified sheet of the current-collecting members of FIG.
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10(b).

[FIG. 12] Longitudinal sectional view of a fuel cell according to another embodiment with its
laterally intermediate portion omitted.

[FIG. 13] Longitudinal sectional view of a fuel cell according to a further embodiment.

MODES FOR CARRYING OUT THE INVENTION

[0037] At present, fuel cells are roughly classified into four types according to materials for
electrolyte; specifically, a polymer electrolyte fuel cell (PEFC) which uses a polymer electrolyte
membrane as electrolyte, a phosphoric-acid fuel cell (PAFC) which uses phosphoric acid as
electrolyte, a molten carbonate fuel cell (MCFC) which uses Li-Na/K carbonate as electrolyte,
and a solid oxide fuel cell (SOFC) which uses, for example, ZrO, ceramic as electrolyte. These
types differ in working temperature (temperature at which ions can move through electrolyte);
at present, working temperatures are as follows: room temperature to about 90°C for PEFC,
about 150°C to 200°C for PAFC, about 650°C to 700°C for MCFC, and about 700°C to
1,000°C for SOFC.

[0038] As shown in FIG. 1, a fuel cell apparatus 1 according to an embodiment of the present
invention is an SOFC apparatus which uses, for example, ZrO, ceramic as an electrolyte layer
2. The fuel cell apparatus 1 includes fuel cells 3, each of which is a minimum unit for
generating electricity; an air supply channel 4 for supplying air to the fuel cells 3; an air
discharge channel 5 for discharging air from the apparatus; a fuel supply channel 6 for
supplying fuel gas to the fuel cells 3; a fuel discharge channel 7 for discharging fuel gas from
the apparatus; a fixing member 9 for fixing a stack of the fuel cells 3, or a group of cells, to
thereby form a fuel cell stack 8; a container 10 which contains the fuel cell stack 8; and output
members 11 for outputting electricity generated in the fuel cell stack 8.

[Fuel cell]

[0039] The fuel cell 3 has a square shape as viewed in plane; as shown in the exploded
perspective views of FIGS. 3 and 4, the fuel cell 3 is formed by stacking an upper (* herein, the
terms "upper" and "lower" are based on illustration on drawings and used for convenience of
description and do not necessarily mean absolute vertical upper and lower, and the same also
applies in the following description) interconnector 12 formed of an electrically conductive
square plate of ferritic stainless steel or the like; a lower interconnector 13 formed of an
electrically conductive square plate of ferritic stainless steel or the like; a single cell 20 located
at a substantially middle position between the upper and lower interconnectors 12 and 13 while
being spaced from the interconnectors 12 and 13, and having an electrode layer (hereinafter,
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called the "cathode layer") 14 formed on a surface of an electrolyte layer 2 opposite the inner
surface (lower surface) of the upper interconnector 12 and the other electrode layer
(hereinafter, called the "anode layer") 15 formed on a surface of the electrolyte layer 2
opposite the inner surface (upper surface) of the lower interconnector 13; an air chamber 16
formed between the upper interconnector 12 and the cathode layer 14; a fuel chamber 17
formed between the lower interconnector 13 and the anode layer 15; current-collecting
members 18 on the cathode layer 14 side disposed in the air chamber 16 and electrically
connecting the cathode layer 14 and the upper interconnector 12; and current-collecting
members 19 on the anode layer 15 side disposed in the fuel chamber 17 and electrically
connecting the anode layer 15 and the lower interconnector 13; and the fuel cell 3 has
tightening through holes 47 extending therethrough and formed at corners of the square shape
and at middle positions of two opposite sides of the square shape for allowing tightening
members 46a to 46f, which will be described later, of the fixing member 9 to be inserted
through the tightening through holes 47.

[Electrolyte layer]

[0040] In addition to ZrO, ceramic, materials used to form the electrolyte layer 2 include

LaGaO3 ceramic, BaCeO5 ceramic, SrCeQ3 ceramic, SrZrO3 ceramic, and CaZrO3 ceramic.

[Anode layer]

[0041] An example material for the anode layer 15 is a mixture of metal such as Ni or Fe and
at least one of ceramics such as ZrO, ceramics, such as zirconia stabilized with at least one of

rare earth elements such as Sc and Y, and CeQ», ceramics. Also, material for the anode layer

15 may be metal such as Pt, Au, Ag, Pb, Ir, Ru, Rh, Ni, or Fe, and these metals may be used
singly or in the form of an alloy of two or more of them. Furthermore, another example material
for the anode layer 15 is a mixture (including cermet) of one or more of these metals and/or an
alloy of these metals and at least one of the above-mentioned ceramics. A further example
material for the anode layer 15 is a mixture of an oxide of metal such as Ni or Fe and at least
one of the above-mentioned ceramics.

[Cathode layer]

[0042] Example materials for the cathode layer 14 include various metals, oxides of metals,
and complex oxides of metals. Examples of the metals include Pt, Au, Ag, Pb, Ir, Ru, and Rh,
and alloys which contain two or more of the metals. Furthermore, examples of the oxides of
metals include oxides of La, Sr, Ce, Co, Mn, and Fe (LaO3, SrO, Ces03, CO503, MnO», and

FeO). Examples of the complex oxides of metals include complex oxides which contain at least
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La, Pr, Sm, Sr, Ba, Co, Fe, or Mn (Laq_4Sry,CoO3 complex oxide, Laq_SryFeO3 complex oxide,
LaqxSrxCoq.yFeO3 complex oxide, LaSryMnOj complex oxide, Prs,BayCoO3z complex

oxide, and Sm4_Sr,CoO3 complex oxide).

[Fuel chamber]

[0043] As shown in FIGS. 3 to 6, the fuel chamber 17 assumes the form of a square chamber
defined by an anode gas channel forming insulating frame (hereinafter, may be called the
"anode insulating frame") 21 having the form of a picture frame and disposed on the upper
surface of the lower interconnector 13 while surrounding the current-collecting members 19,
and an anode frame 22 having the form of a picture frame and disposed on the upper surface
of the anode insulating frame 21.

[Current-collecting members in fuel chamber]

[0044] As shown in FIG. 5, the current-collecting members 19 in the fuel chamber 17 are
formed of, for example, Ni and are each configured such that there are integrally formed a
connector contact portion 19a in contact with the lower interconnector 13, a cell contact portion
19b in contact with the anode layer 15 of the single cell 20, and a connection portion 19c
connecting the connector contact portion 19a and the cell contact portion 19b and bent by
about 180 degrees to have a shape resembling the letter U. The current-collecting members
19 of the embodiment are formed of, for example, a foil having a thickness of about 30 um;
accordingly, the connection portion 19¢ can be bent and unbent in a direction intersecting with
a plane, and is very small in elastically repulsive force against bending and unbending.

[0045] The current-collecting members 19 in the fuel chamber 17 may be formed of, for
example, a porous metal of Ni, a metal mesh of Ni, wire of Ni, or a punched metal of Ni, in
addition to the above-mentioned method of formation. Also, the current-collecting members 19
in the fuel chamber 17 may be formed of metal resistant to oxidation, such as an Ni alloy or
stainless steel, in addition to Ni.

[0046] The current-collecting members 19 are provided in a quantity of about several tens to
one hundred (of course, depending on the size of the fuel chamber); the current-collecting
members 19 may be individually arrayed on and welded (e.g., laser-welded or resistance-
welded) to the interconnector 13; preferably, as shown in FIG. 10(b), the aforementioned foil is
formed into a square flat sheet 190 compatible with the fuel chamber 17; cuts 19d
corresponding to the cell contact portions 19b and the connection portions 19¢ are made in the
flat sheet 190; then, as shown in the enlarged view in FIG. 9, the connection portions 19¢ are
bent into a shape resembling the letter U such that the cell contact portions 19b face the
corresponding connector contact portions 19a from above with a gap t (see the enlarged view
in FIG. 5) therebetween. Thus, the flat sheet 190 having holes formed as a result of the cell
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contact portions 19b being raised and bent is an aggregate of the connector contact portions
19a; in the embodiment, the connector contact portions 19a of the flat sheet 190 are joined to
the lower interconnector 13 through laser welding or resistance welding.

[0047] In the above case, welding is employed as a joining method; however, the present
invention is not limited thereto. Heat generated as a result of operation of the fuel cell
apparatus may be utilized for joining the connector contact portions 19a to the lower
interconnector 13.

[0048] As shown in FIG. 11, the cuts 19d for the current-collecting members 19 may be made
in such a manner that the cell contact portions 19b and the connection portions 19¢c are
integrated in row units. This allows the cell contact portions 19b and the connection portions
19c¢ to be efficiently formed.

[Spacer]

[0049] As shown in FIG. 5, the spacer 58 is incorporated in the current-collecting members
19. The spacer 58 is disposed between the connector contact portions 19a and the cell contact
portions 19b in such a manner as to separate the connector contact portions 19a from the cell
contact portions 19b in the fuel chamber 17 located between the single cell 20 and the lower
interconnector 13; in order for the spacer 58 to elastically press the cell contact portions 19b
and the connector contact portions 19a in their contact directions; i.e., to elastically press the
cell contact portions 19b toward the single cell 20, and the connector contact portions 19a
toward the interconnector 13, by means of thermal expansion of the spacer 58 in its thickness
direction at least in a working temperature range of the fuel cell apparatus, the thickness and
material of the spacer 58 are determined such that, at a working temperature of the fuel cell
apparatus of 700°C to 1,000°C, thermal expansion of the spacer 58 is greater than that of the

gap t.

[0050] The thickness of the spacer 58 may be determined so as to be, in a working
temperature range of the fuel cell apparatus, greater than the gap t between the cell contact
portions 19b and the connector contact portion 19a, but is preferably substantially equal to or
slightly greater than at least the gap t between the cell contact portions 19b and the connector
contact portions 19a at room temperature in an inactive condition of the fuel cell apparatus.
Employment of such a thickness enables the spacer 58 to provide stable electrical contact
between the connector contact portions 19a and the interconnector 13 and between the cell
contact portions 19b and the single cell 20 even until the working temperature range is
reached from start of generation of electricity.

[0051] Material of the spacer 58 is more flexible in the thickness direction than the current-
collecting members 19, and the spacer 58 expands and contracts in response to fluctuations in
the gap of the fuel chamber 17 caused by temperature cycles and variations of fuel pressure
and air pressure. Specifically, in response to contraction of the gap of the fuel chamber 17, the
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spacer 58 contracts in the thickness direction to exhibit a cushioning action, thereby preventing
cracking of the single cell 20, whereas, in response to expansion of the gap, the spacer 58
stabilizes electrical contact through resilience in the thickness direction.

[0052] Also, as shown in FIG. 5, the spacer 58 has such a length that one end thereof is
located at a substantially deepest position in the connection portion 19¢ of the current-
collecting member 19, and the other end thereof protrudes from an end of the cell contact
portion 19b located opposite the connection portion 19¢. Thus, as viewed in plane, the region
(length) of the spacer 58 encompasses the entire region where the cell contact portion 19b
and the anode layer 15 are in contact with each other (a region which extends from near the
boundary between the cell contact portion 19b and the connection portion 19c to the end of the
cell contact portion 19b located opposite the connection portion 19¢ and in which the cell
contact portion 19b and the anode layer 15 are actually in contact with each other). Thus, an
action of the spacer 58 is uniformly applied to the above-mentioned region of the cell contact
portion 19b.

[0053] Meanwhile, as shown in FIG. 5, the end of the spacer 58 located opposite the
connection portion 19¢ of the current-collecting member 19 recedes from the corresponding
end of the connector contact portion 19a. Thus, an action of the spacer 58 is uniformly applied
to the connector contact portion 19a through the entire surface of the spacer 58.

[0054] The spacer 58 is formed of a material which is not sintered to the current-collecting
member 19 in the working temperature range of the fuel cell apparatus; therefore, the cell
contact portion 19b and the connector contact portion 19a are unlikely to be sintered to each
other through direct contact. Also, the cell contact portion 19b and the connector contact
portion 19a are unlikely to be sintered to each other through the spacer 58.

[0055] As a material for the spacer 58 which satisfies the above conditions, there may be
used singly or in combination mica, alumina felt, vermiculite, carbon fiber, silicon carbide fiber,
and silica. Through impartation of, for example, a sheet-like laminate structure as in the case
of mica to these materials, the materials exhibit appropriate elasticity in response to load
applied in the direction of lamination. The thermal expansion coefficient in the thickness
direction (direction of lamination) of the spacer 58 formed of these materials is higher than the
thermal expansion coefficient in the axial direction of the tightening members 46a to 46f, which
will be described later.

[0056] The current-collecting members 19 of the embodiment are integrated into a unitary
structure implemented through the flat sheet 190, which is an aggregate of the connector
contact portions 19a as mentioned above; as shown in FIG. 10(a), in order for the spacer 58 to
be compatible with the structure, the spacer 58 is formed into a horizontal grating form such
that, from a single rectangular material sheet which has substantially the same width as that of
the flat sheet 190 and is slightly shorter than the flat sheet 190 (specifically, shorter by the total
length of the cell contact portion 19b and the connection portion 19c¢), portions of the material
sheet each corresponding to the cell contact portions 19b and the connection portions 19¢
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arrayed in a row are cut out.

[0057] Then, the spacer 58 is placed on the flat sheet 190 which is shown in FIG. 10(b) and is
to be formed into the current-collecting members 19; in this condition, as shown in the
enlarged view of FIG. 9, the connection portions 19c are bent by about 180 degrees into a
shape resembling the letter U, thereby forming the current-collecting members 19 with the
spacer 58 incorporated therein.

[0058] Incidentally, in the enlarged view of FIG. 9, the cell contact portions 19b are formed
through bending performed sequentially in the rightward direction from the cell contact portion
19b located at the left corner position; however, this illustration is intended primarily to explain
a working procedure; thus, the cell contact portions 19b may be formed in unison through
bending or may be formed sequentially from the cell contact portion 19b located at a position
convenient for working.

[Air chamber]

[0059] As shown in FIG. 3 to 6, the air chamber 16 assumes the form of a square chamber
defined by an electrically conductive, thin metal separator 23 having the form of a square
picture frame and having the electrolyte layer 2 affixed to the lower surface thereof, and a
cathode gas channel forming insulating frame (hereinafter, may be called the "cathode
insulating frame") 24 having the form of a picture frame and disposed between the separator
23 and the upper interconnector 12 while surrounding the current-collecting members 18.

[Current-collecting members in air chamber]

[0060] The current-collecting members 18 in the air chamber 16 are dense electrically
conductive members each having the form of a slender square bar and formed of, for
example, stainless steel and are disposed in parallel with one another at fixed intervals while
being in contact with the cathode layer 14 on the upper surface of the electrolyte layer 2 and
the lower surface (inner surface) of the upper interconnector 12.

[0061] As shown in FIG. 5, as viewed in plane, at least portions of the current-collecting
members 18 in the air chamber 16 are in contact with the cathode layer 14 in a region where
the spacer 58 is in contact with the cell contact portions 19b and with the connector contact
portions 19a. Thus, contact regions between the spacer 58 and the cell contact portions 19b,
contact regions between the spacer 58 and the connector contact portions 19a, and contact
regions between the cathode layer 14 and the current-collecting members 18 are aligned with
one another; therefore, contact pressure can be efficiently applied to the contact regions while
a harmful planar bending moment, which is a potential cause of breakage of the single cell 20,
is hardly applied to the contact regions.
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[0062] As described above, the fuel cell 3 forms the fuel chamber 17 and the air chamber 16
through cooperation with the lower interconnector 13, the anode insulating frame 21, the
anode frame 22, the separator 23, the cathode insulating frame 24, and the upper
interconnector 12. Also, the electrolyte layer 2 partitions the fuel cell 3 into the fuel chamber 17
and the air chamber 16 independently of each other, and the anode insulating frame 21 and
the cathode insulating frame 24 electrically insulate the anode layer 15 side and the cathode
layer 14 side from each other.

[0063] Also, the fuel cell 3 includes an air supply section 25 including the air supply channel 4
for supplying air into the air chamber 16, an air discharge section 26 including the air discharge
channel 5 for discharging air from the air chamber 16 to an external system, a fuel supply
section 27 including the fuel supply channel 6 for supplying fuel gas into the fuel chamber 17,
and a fuel discharge section 28 including the fuel discharge channel 7 for discharging fuel gas
from the fuel chamber 17 to an external system.

[Air supply section]

[0064] As shown in FIG. 7, the air supply section 25 includes an air supply through hole 29
extending in the vertical direction at a position located toward a corner and one side of the
square fuel cell apparatus 1, an elongated-hole-like air supply manifold 30 formed in the
cathode insulating frame 24 and communicating with the air supply through hole 29, a plurality
of air supply communication channels 32 formed at equal intervals on the upper surface of a
partition wall 31 which separates the air supply manifold 30 and the air chamber 16 from each
other, by sinking corresponding portions of the upper surface, and the air supply channel 4
inserted through the air supply through hole 29 and adapted to supply air to the air supply
manifold 30 from an external system.

[Air discharge section]

[0065] The air discharge section 26 includes an air discharge through hole 33 extending in the
vertical direction at a position located toward a corner and one side opposite the air supply
section 25 of the fuel cell apparatus 1, an elongated-hole-like air discharge manifold 34 formed
in the cathode insulating frame 24 and communicating with the air discharge through hole 33,
a plurality of air discharge communication channels 36 formed at equal intervals on the upper
surface of a partition wall 35 which separates the air discharge manifold 34 and the air
chamber 16 from each other, by sinking corresponding portions of the upper surface, and the
tubular air discharge channel 5 inserted through the air discharge through hole 33 and
adapted to discharge air from the air discharge manifold 34 to an external system.

[Fuel supply section]
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[0066] As shown in FIG. 8, the fuel supply section 27 includes a fuel supply through hole 37
extending in the vertical direction at a position located toward a corner opposite the air supply
through hole 29 and the same one side as that of the air supply section 25 of the square fuel
cell apparatus 1, an elongated-hole-like fuel supply manifold 38 formed in the anode insulating
frame 21 and communicating with the fuel supply through hole 37, a plurality of fuel supply
communication channels 40 formed at equal intervals on the upper surface of a partition wall
39 which separates the fuel supply manifold 38 and the fuel chamber 17 from each other, by
sinking corresponding portions of the upper surface, and the tubular fuel supply channel 6
inserted through the fuel supply through hole 37 and adapted to supply fuel to the fuel supply
manifold 38 from an external system.

[Fuel discharge section]

[0067] The fuel discharge section 28 includes a fuel discharge through hole 41 extending in
the vertical direction at a position located toward a corner and one side opposite the fuel
supply section 27 of the fuel cell apparatus 1, an elongated-hole-like fuel discharge manifold
42 formed in the anode insulating frame 21 and communicating with the fuel discharge through
hole 41, a plurality of fuel discharge communication channels 44 formed at equal intervals on
the upper surface of a partition wall 43 which separates the fuel discharge manifold 42 and the
fuel chamber 17 from each other, by sinking corresponding portions of the upper surface, and
the tubular fuel discharge channel 7 inserted through the fuel discharge through hole 41 and
adapted to discharge fuel gas from the fuel discharge manifold 42 to an external system.

[Fuel cell stack]

[0068] As shown in FIG. 1, the fuel cell stack 8 is configured such that a plurality of the fuel
cells 3 are stacked into a group of cells, and the group of cells is fixed with the fixing member
9. In the case of stacking a plurality of the fuel cells 3, two adjacent fuel cells 3 share one
interconnector which serves as the upper interconnector 12 of the lower fuel cell 3 and as the
lower interconnector 13 of the upper fuel cell 3.

[0069] The fixing member 9 is a set consisting of a pair of end plates 45a and 45b for
vertically clamping the fuel cell stack 8, and six sets of tightening members 46a to 46f for
clamping the end plates 45a and 45b and the fuel cell stack 8 by fixing bolts, with nuts, inserted
through tightening holes (not shown) of the end plates 45a and 45b and through the tightening
through holes 47 of the fuel cell stack 8. Material for the tightening members 46a to 46f is, for
example, INCONEL 601.

[0070] The air supply channel 4 is mounted to the fuel cell stack 8 of the fuel cell apparatus 1
in such a manner as to vertically extend through the through holes (not shown) of the end
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plates 45a and 45b and through the air supply through hole 29. An end of the tubular channel
is closed, and, as shown in FIG. 7, the tubular channel has horizontal holes 48 corresponding
to the air supply manifolds 30, whereby air is supplied to the air supply manifolds 30 through
the horizontal holes 48.

[0071] Similarly, the air discharge channel 5 receives air discharged from the air discharge
manifolds 34 through corresponding horizontal holes 49 thereof and discharges air to an
external system; as shown in FIG. 8, the fuel supply channel 6 supplies fuel gas to the fuel
supply manifolds 38 through corresponding horizontal holes 50 thereof; and the fuel discharge
channel 7 receives fuel gas discharged from the fuel discharge manifolds 42 through
corresponding horizontal holes 51 thereof and discharges fuel gas to an external system.

[Container]

[0072] The container 10 for containing the fuel cell stack 8 is a heat-resistant closed structure
and is, as shown in FIG. 1, configured such that two half containers 53a and 53b having
flanges 52a and 52b, respectively, at their opening portions, face each other and are joined
together. The bolts of the tightening members 46a to 46f protrude from the top of the container
10, and nuts 54 are threadingly engaged with protruding portions of the tightening members
46a to 46f, respectively, thereby fixing the fuel cell stack 8 within the container 10. Also, the air
supply channel 4, the air discharge channel 5, the fuel supply channel 6, and the fuel
discharge channel 7 protrude from the top of the container 10, and, to protruding portions
thereof, air and fuel gas supply sources, etc., are connected.

[Output members]

[0073] The output members 11 for outputting electricity generated in the fuel cell apparatus 1
are the tightening members 46a to 46d located at corners of the fuel cell stack 8, and the end
plates 45a and 45b. Specifically, a pair of the tightening members 46a and 46c¢ located
diagonally are electrically connected to the upper end plate 45a, which functions as a positive
pole, and the other pair of the tightening members 46b and 46d are electrically connected to
the lower end plate 45b, which functions as a negative pole. Of course, the tightening
members 46a and 46¢ connected to a positive pole and the tightening members 46b and 46d
connected to a negative pole are electrically insulated from the end plates 45b and 45a,
respectively, of opposite polarities by means of intervention of the insulating washer 55 (see
FIG. 1), and from the fuel cell stack 8 by means of provision of gaps in relation to walls of the
tightening through holes 47. Thus, the tightening members 46a and 46¢ of the fixing member 9
function as output terminals of positive polarity connected to the upper end plate 45a, and the
other tightening members 46b and 46d function as output terminals of negative polarity
connected to the lower end plate 45b.

[Generation of electricity]
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[0074] Air supplied to the air supply channel 4 of the fuel cell apparatus 1 flows downward in
FIG. 7; specifically, is supplied into the air chamber 16 through the air supply section 25
composed of the upper air supply channel 4, the air supply manifold 30, and the air supply
communication channels 32; passes through gas flow channels 56 formed between the
current-collecting members 18 in the air chamber 16; and is then discharged to an external
system through the air discharge section 26 composed of air discharge communication
channels 36, the air discharge manifold 34, and the air discharge channel 5.

[0075] Atthe same time, fuel gas; for example, hydrogen, supplied to the fuel supply channel
6 of the fuel cell apparatus 1 flows downward in FIG. 8; specifically, is supplied into the fuel
chamber 17 through the fuel supply section 27 composed of the upper fuel supply channel 6,
the fuel supply manifold 38, and the fuel supply communication channels 40; diffuses and
passes through gas flow channels 57 of the current-collecting members 19 in the fuel chamber
17; and is then discharged to an external system through the fuel discharge section 28
composed of the fuel discharge communication channels 44, the fuel discharge manifold 42,
and the fuel discharge channel 7.

[0076] While air and fuel gas are being supplied and discharged as mentioned above, the
temperature in the container 10 is increased to 700°C to 1,000°C, whereby air and fuel gas
react with each other through the cathode 14, the electrolyte layer 2, and the anode 15; thus,
electric energy of direct current is generated with the cathode 14 functioning as a positive pole
and the anode 15 functioning as a negative pole. Since the principle of generation of electric
energy in the fuel cell 3 is well known, repeated description thereof is omitted.

[0077] As mentioned above, the cathode 14 is electrically connected to the upper
interconnector 12 through the current-collecting members 18, whereas the anode 15 is
electrically connected to the lower interconnector 13 through the current-collecting members
19; since the fuel cell stack 8 is such that a plurality of the fuel cells 3 are stacked and
connected in series, the upper end plate 45a functions as a positive pole, whereas the lower
end plate 45b functions as a negative pole; and electric energy can be output from the fuel cell
apparatus through the tightening members 46a to 46d, which also function as output terminals.

[0078] The above-mentioned fuel cell apparatus repeats a temperature cycle such that
temperature increases in the course of generating electricity and decreases as a result of
suspension of generation of electricity. Therefore, all members which constitute the fuel
chamber 17 and the air chamber 16, and the tightening members 46a to 46f repeat thermal
expansion and contraction; accordingly, the gaps of the fuel chamber 17 and the air chamber
16 repeat expansion and contraction.

[0079] Also, fuel pressure and air pressure may fluctuate, and, as a result of fluctuations in
the pressures, the single cell 20 is deformed, whereby the gaps of the fuel chamber 17 and the
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air chamber 16 expand or contract.

[0080] In response to such variations in the expanding direction of the fuel chamber 17 and
the air chamber 16, in the embodiment, the current-collecting members 19 in the fuel chamber
17 press the single cell 20 primarily by thermal expansion of the spacer 58 in the same
direction as that of elasticity of the spacer 58 in the stacking direction (the thickness direction
or the tightening direction of the tightening members 46a to 46f), whereby electrical contact is
stably maintained. Since pressing of the current-collecting members 19 against the single cell
20 is transmitted to the air chamber 16 side, electrical contact in the air chamber 16 is also
stably maintained.

[0081] Also, in response to variations in the contracting direction of the fuel chamber 17 and
the air chamber 16, stress applied to the single cell 20 is mitigated primarily by contraction of
the spacer 58 in the fuel chamber 17.

[0082] Also, when the current-collecting members 19 on the anode layer 15 side are formed
of Ni or an Ni alloy, in a high-temperature environment in the course of generating electricity,
the cell contact portions 19b are diffusion-bonded to Ni contained in the anode layer 15,
thereby being integrated with the anode layer 15. Therefore, electrical connection through the
current-collecting members 19 is more stably maintained.

[0083] Preferably, NiO paste is applied to the anode layer 15 to form a joining layer. Through
formation of such a joining layer, as a result of flow of electric current in Hy, NiO becomes Ni,

whereby the performance of joining between the current-collecting members 19 and the anode
layer 15 is further improved. The joining layer may be formed through application of Pt paste to
the anode layer 15.

[0084] In embodiment 1, the flat sheet 190, which is an aggregate of the connector contact
portions 19a, is welded to the lower interconnector 13; however, the interconnector 13 and the
current-collecting members 19 can be joined together in a high-temperature environment in
the course of generating electricity, through combination of materials for the lower
interconnector 13 and the flat sheet 190 such that the materials can be diffusion-bonded to
each other in the high-temperature environment in the course of generating electricity (e.g.,
combination of Crofer22H and Ni) or through formation of such a joining layer mentioned
above on the inner surface of the lower interconnector 13.

[0085] The present invention has been described with reference to the embodiment; however,
the present invention is not limited thereto. For example, in the embodiment, the current-
collecting members 18 in the air chamber 16 and the current-collecting members 19 in the fuel
chamber 17 differ in configuration; however, the current-collecting members in the air chamber
16 and the current-collecting members 19 in the fuel chamber 17 may have the same
configuration.

[0086] Also, the orientation of the current-collecting members 19 in the fuel chamber 17 is not
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limited to that shown in FIG. 5; for example, the current-collecting members 19 may be
inverted upside-down as shown in FIG. 12. In such a case, the flat sheet 190 is an aggregate
of the cell contact portions 19b, and the end of the spacer 58 protrudes outward from the end
of the connector contact portion 19a located opposite the connection portion, whereas the
same end of the spacer 58 recedes inward from the end of the cell contact portion 19b located
opposite the connection portion.

[0087] Also, in the embodiment, the end of the spacer 58 protrudes outward from the end of
the connector contact portion 19a or the cell contact portion 19b, whichever is shorter;
however, as shown in FIG. 13, the end of the spacer 58 may protrude outward from both of the
end of the cell contact portion 19b located opposite the connection portion and the end of the
connector contact portion 19a located opposite the connection portion.

[0088] Also, in the embodiment, the electrolyte layer 2 assumes the form of a flat plate;
however, the electrolyte layer 2 may assume the form of, for example, a cylinder or a flat
cylinder.

DESCRIPTION OF REFERENCE NUMERALS

[0089]

1: fuel cell apparatus

2: electrolyte layer

3: fuel cell

8: fuel cell stack

12, 13: interconnector

14. cathode layer

15: anode layer

18, 19: current-collecting members
19a: connector contact portion
19b: cell contact portion

19c¢: connection portion

20: single cell

46a to 46f: tightening member
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58: spacer
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PATENTIKRAYV

1. Breendselscelle (3) omfattende:

et par af forbindelseskonnektorer (12, 13);

én enkelt celle (20), som er anbragt mellem forbindelseskonnektorerne (12, 13), og
som har et elektrolytlag (2) og elektrodelag (14, 15) dannet p& henholdsvis gvre og nedre
overflader af elektrolytlaget (2); og

strgmopsamlingselementer (18, 19), som er anbragt mellem henholdsvis elektrode-
lagene (14, 15) og forbindelseskonnektorerne (12, 13), og som er indrettede til elektrisk at
forbinde de tilsvarende elektrodelag (14, 15) og forbindelseskonnektorer (12, 13);

hvor braendselscellen (3) erkendetegnet ved, at

stremopsamlingselementerne (18, 19) svarende til mindst ét af elektrodelagene (14,
15) omfatter en konnektorkontaktdel (19a) i kontakt med forbindelseskonnektoren (12,
13), en cellekontaktdel (19b) i kontakt med elektrodelaget (14, 15) af den enkelte celle
(20), en forbindelsesdel (19c), som forbinder konnektorkontaktdelen (19a) og cellekon-
taktdelen (19b), og et afstandsstykke (58) anbragt mellem konnektorkontaktdelen (19a)
og cellekontaktdelen (19b); og

en ende af afstandsstykket (58) anbragt modsat forbindelsesdelen (19c) rager frem
fra mindst én af en ende af cellekontaktdelen (19b) anbragt modsat forbindelsesdelen
(19¢) og en ende af konnektorkontaktdelen (19a) anbragt modsat forbindelsesdelen (19c).

2. Breendselscelle (3) ifolge krav 1, hvor elektrolytlaget (2) antager en pladelignende
form.

3. Breendselscelle (3) ifglge krav 1 eller 2, hvor enden af afstandsstykket (58) an-
bragt modsat forbindelsesdelen (19c) rager frem fra bade enden af cellekontaktdelen (19b)
anbragt modsat forbindelsesdelen (19¢) og enden af konnektorkontaktdelen (19a) anbragt
modsat forbindelsesdelen (19c).

4. Braendselscelle ifglge ethvert af kravene 1 til 3, hvor, ndr set i et vandret snit, i
det mindste en del af strgmopsamlingselementet (19, 18) modsat strgmopsamlingsele-
mentet (18, 19) svarende til det ene elektrodelag (14, 15) er i kontakt med det andet
elektrodelag (15, 14) i et omrade, hvor afstandsstykket (58) er i kontakt med cellekon-
taktdelen (19b) og med konnektorkontaktdelen (19a).

5. Braendselscelle (3) ifalge ethvert af kravene 1 til 4, hvor, ndr set i et vandret snit,
hele kontaktomrddet mellem cellekontaktdelen (19b) og elektrodelaget (14, 15) er inde-
holdt i et omrdde af afstandsstykket (58).

6. Breendselscelle (3) ifglge ethvert af kravene 1 til 5, hvor afstandsstykket (58) er af
mindst én af mica, aluminiumoxidfilt, vermiculit, kulfiber, siliciumkarbidfiber og siliciumdio-
xid.

7. Breendselscelle (3) ifglge ethvert af kravene 1 til 6, som desuden omfatter et
stramningselement (46a til 46f) til ensartet at stramme en stabel af forbindelseskonnekto-

rerne (12, 13), den enkelte celle (20) og stremopsamlingselementerne (18, 19), hvor
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stramningselementet (46a til 46f) og afstandsstykket (58) presser cellekontaktdelen (19b)
af stremopsamlingselementet (18, 19) mod den enkelte celle (20), og forbindelseskontakt-
delen (19a) af stremopsamlingselementet (18, 19) mod forbindelseskonnektoren (12, 13).

8. Braendselscelle (3) ifslge krav 7, hvor afstandsstykket (58) er af hgjere termisk
udvidelseskoefficient i en stramningsretning end stramningselementet (46a til 46f).

9. Breaendselscelle (3) ifglge ethvert af kravene 1 til 8, hvor stramopsamlingselemen-
terne (18, 19) er dannet af et porgst metal, et metalnet, wire eller et udstanset metal.

10. Breendselscelle (3) ifalge ethvert af kravene 1 til 9, hvor cellekontaktdelen (19b)
af stramopsamlingselementet (18, 19) er sammenfgjet med en overflade af elektrodelaget
(14, 15) af den enkelte celle (20).

11. Braendselscelle (3) ifalge ethvert af kravene 1 til 10, hvor konnektorkontaktdelen
(19a) af stramopsamlingselementet (18, 19) er sammenfgjet med forbindelseskonnektoren
(12, 13).

12. Breendselscelle (3) ifglge ethvert af kravene 1 til 11, hvor strgmopsamlingsele-
mentet (19) er anbragt mellem elektrodelaget (15) svarende til breendselsgas og forbindel-
seskonnektoren (13), og er lavet af Ni eller en Ni-legering.

13. Breendselscellestabel kendete g net ved, at en flerhed af breendselscellerne
(3) ifglge ethvert af kravene 1 til 12 er stablet og fastgjort til hinanden ved hjeelp af
stramningselementet (46a til 46f).
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