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ABSTRACT

The fuel cell single cell of the present invention includes: a fuel cell unit in which an
anode electrode, an electrolyte layer and a cathode electrode are sequentially laminated;
a scparator; and a current collection assisting layer disposed between the cathode
electrode of the fuel cell unit and the separator. The separator has protruded portions
that are in contact with the current collection assisting layer to form gas channels
between the separator and the current collection assisting layer.

Further, at least a part of an end of the cathode electrode in a planar direction of the
cathode electrode extends outward beyond an end of the current collection assisting

layer in a planar direction of the current collection assisting layer.



DESCRIPTION

FUEL CELL SINGLE CELL WITH A CURRENT COLLECTION ASSISTING

LAYER

TECHNICAL FIELD
[0001] The present invention is directed to a fuel cell single cell that includes a current
collection assisting layer between a cathode electrode and a separator. In more detail,
the present invention relates to a fuel cell single cell in which breakage of an electrolyte

10 by such a current collection assisting layer is prevented.

BACKGROUND ART
[0002] In recent years, fuel cells have drawn attention as an eco-friendly clean energy
source that has high power generation efficiency and produces little harmful gas.

15 [0003] A solid oxide fuel cell (hereinafter also referred to simply as an “SOFC”), which
is a type of fuel cells, comprises a fuel cell unit and a separator, and the fuel cell unit
comprises a solid oxide electrolyte layer, a gas-permeable cathode electrode (air
electrode) and a gas-permeable anode electrode (fuel electrode).

[0004] The fuel cell generates power when a fuel gas such as hydrogen or hydrocarbon

20  and an oxygen-containing gas are supplied respectively to the anode electrode and the
cathode electrode while the solid electrolyte layer serves as a partition wall.

[0005] The separator is in contact with the fuel cell unit to collect charges of the fuel
cell unit and to form a fuel gas channel or an oxygen-containing gas channel between

the fuel cell unit and the separator.
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{0006] The cathode electrode of the fuel cell unit is made of a metal oxide, and such
metal oxides have higher electric resistance than metals.

[0007] Accordingly, when charges travel a long distance in the cathode electrode, the
power generation efficiency is decreased. To avoid this, a current collection assisting
layer is provided between the cathode electrode and the separator to form a conductive
path so as to reduce the electric resistance.

[0008] JP2008-108656A or Patent Document 1 discloses a fuel cell that comprises a
current collection assisting layer that is disposed between a cathode electrode and a

separator and comprises a metal felt and a metal mesh.

CITATION LIST
Patent Literature

[0009] Patent Document 1: JP 2008-108656A

SUMMARY OF INVENTION
Technical Problem

[0010] However, the current collection assisting layer often has protrusions such as burr
at the ends, and the operating temperature of SOFCs is high. Therefore, thermal
expansion during operation or the like may sometimes cause the separator to press the
current collection assisting layer so that the protrusions damage the solid electrolyte
layer.
Such a damage of the solid electrolyte layer may sometimes cause cross leak of gas to

reduce the power generation efficiency. Further, the protrusions may sometimes
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penetrate the solid electrolyte layer to make a hole to cause a short circuit.
[0011] The present invention has been made in view of the above-described problem in
the prior art, and an object thereof is to provide a fuel cell single cell in which breakage

of a solid electrolyte layer by a current collection assisting layer is prevented.

Solution to Problem
[0012] As a result of keen study for achieving the above-described object, the present
inventors have found that the above-described breakage of the solid electrolyte layer by
the current collection assisting layer can be prevented by using the cathode electrode
between the current collection assisting layer and the solid electrolyte layer as a cushion
and cxtending the end of the cathode electrode in the planar direction outward beyond
the end of the current collection assisting layer in the planar direction.
[0013] That is, the fuel cell single cell of the present invention comprises: a fuel cell
unit in which an anode electrode, an electrolyte layer and a cathode electrode are
sequentially laminated; a separator; and a current collection assisting layer disposed
between the cathode electrode of the fuel cell unit and the separator. The separator
comprises protruded portions that are in contact with the current collection assisting
layer to form gas channels between the separator and the current collection assisting
layer.
Further, at least a part of an end of the cathode electrode in a planar direction of the
cathode electrode extends outward beyond an end of the current collection assisting
layer in a planar direction of the current collection assisting layer.

[0014] In the present invention, the fuel cell single cell comprises the current collection



assisting layer between the cathode electrode and the separator, and the end of the
cathode electrode in the planar direction of the cathode electrode extend outward
beyond the end of the current collection assisting layer in the planar direction of the
current collection assisting layer. This allows the cathode electrode to function as a
5 cushion to prevent a breakage of the solid electrolyte layer by the current collection

assisting layer.

According to an aspect of the present invention, there is provided a fuel cell single cell,
comprising:

10 a fuel cell unit in which an anode electrode, an electrolyte layer and a cathode
electrode are sequentially laminated;

a separator; and
a current collection assisting layer disposed between the cathode electrode of
the fuel cell unit and the separator,

15 wherein the separator comprises protruded portions that are in contact with the
current collection assisting layer to form gas channels between the separator and the
current collection assisting layer,

wherein at least a part of an end of the cathode electrode in a planar direction
of the cathode electrode extends outward beyond an end of the current collection

20  assisting layer in a planar direction of the current collection assisting layer, and

wherein the end of the current collection assisting layer in a gas channel
direction and/or the end of the current collection assisting layer in a direction

perpendicular to the gas channel direction is located outside an outermost protruded
-4-
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portion of the separator in a planar direction of the protruded portions of the separator.

According to another aspect of the present invention, there is provided a fuel cell single cell,
comprising:

a fuel cell unit in which an anode electrode, an electrolyte layer and a cathode
electrode are sequentially laminated;

a separator; and

é current collection assisting léyer disposed between the cathode electrode of the fuel
cell unit and the separator,

wherein the sepérator has a corrugated transverse cross section and comprises a
plufality of corrugations, at least one corrugation having a protruded portion that is in
contact with the current collection assisting layer to form gas channels between the separator
and the current collection assisting layer,

wherein at least a part of an end of the cathode electrode in an upstream of a gas
channel direction of an oxygen-containing gas extends outward beyond an end of the cﬁrrént
collection assisting layer in the upstream of the gas channel, and

wherein the end of the current collection assisting layer in the gas channel direction
and the end of the current collection assisting layer in a direction perpendicular to the gas
channel direction is located outside an outermost protruded portion of the separator in a

planar direction of the protruded portions of the separator.

4a
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According to another aspect of the present invention, there is provided a fuel cell single cell,
comprising:

a fuel cell unit in which an anode electrode, an electrolyte layer and a cathode
electrode are sequentially laminated;

a separator;

a current collection assisting layer disposed between the cathode electrode of the fuel
cell unit and the separator, and

a contacting material layer disposed between the cathode electrode of the fuel cell
unit and the current collection assisting layer,

wheréin a conductive portion of t‘he' current collection assisting layer bites into the
contaéting material layer and is joined with the contacting material layer,

wherein the separator has a corrugated transverse cross section and comprises a
plurality of corrugations, at least vone corrugation having a protruded portion that is in
contact with the current collection assisting layer to form gas channels between the separator
and the current collection assisting layer,

wherein at least a part of an énd of the cathode electrode in an upstream of a gas
channel direction of an oxygen-containing gas extends outward beydnd an end of the current
collection assisting layer in the upstream of the gas channel,

wheréin the end of the current collection assisting layer in the gas channel difection
and the end of the current collection assisting layer in a direcfion perpendicular to the gas
channel direction is located outside an outermost protruded portion of the separator in a |
planar direction of the protruded portions of the separator,

wherein the current collection assisting layer comprises a conductive portion‘and gas
4b
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flowing holes that penetrate the current collection assisting layer in a laminating direction of
the fuel cell unit, and

wherein the current collection assisting layer is composed of metal materials.

BRIEF DESCRIPTION OF DRAWINGS

[0015]

FIG. 1 is an exploded plan view of a fuel cell single cell, illustrating the configuration
thereof. '

FIG.2isa croés-sectional view of the fuel cell unit, illustrating the layer configuration
thereof.

FIG. 3 is a cross-sectional view of a main part of a fuel cell single cell according to a
first embodiment.

FIG. 4 illustrates an example of an expanded metal.

FIG. 5 illustrates an example of a perforated metal.

FIG. 6 illustrates an example of a metal mesh.

FIG. 7 illustrates an example of a cantilever spring.

FIG. 8 is a cross-sectional view of a main part of a fuel cell single cell according to a
second embodiment.

FIG. 9~is a cross-sectional view of a main part of a fuel cell single cell according to a

third embodiment.

4c
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FIG. 10 illustrates a state in which an end of a fuel cell unit presses a current collection
assisting layer.

FIG. 11 is a cross-sectional view of a fuel cell single cell according to a fourth
embodiment.

FIG. 12 is a cross-sectional view of a fuel cell single cell according to a fifth

embodiment.

DESCRIPTION OF EMBODIMENTS
[0016] The fuel cell single cell of the present invention will be described in detail.
[0017] First Embodiment
FIG. 1 is an exploded view of the fuel cell single cell C of the present invention,
illustrating the configuration thereof.
The fuel cell single cell C comprises a fuel cell unit 1, a current collection assisting
layer 2 and a separator 3.
[0018] As illustrated in FIG. 2, the fuel cell unit comprise an anode electrode 11, a solid
electrolyte layer 12 and a cathode electrode 13, which are sequentially laminated and
supported by a porous metal support. The fuel cell unit further comprises a frame 5
around the periphery of the porous metal support 14.
[0019] Specifically, in the fuel cell unit 1, the porous metal support 14, an anode
electrode 11, the solid electrolyte layer 12 and the cathode electrode 13 are sequentially
faminated in the frame 5 in the area illustrated by the 1 in FIG. 1.
[0020] Further, the current collection assisting layer 2 and the separator 3 are

sequentially laminated on the cathode side of the fuel cell unit 1.
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[0021] The frame 5 and the separator 3 have a rectangular shape with approximately the
same length and width. The fuel cell unit 1, the frame 5 and the separator 3 are laminated
and joined to each other to form the fuel cell single cell C.

[0022] The separator 3 has a corrugated transverse cross section which resembles a step
pyramid cross section at the center part corresponding to the fuel cell unit 1. The
corrugations extend in the longitudinal direction as illustrated in FIG. 1. Accordingly,
protruded portions 31 of the corrugations of the separator 3 are in contact with the current
collection assisting layer 2 to form gas channels G in the recessed portions of the
corrugations.

[0023] The fuel cell single cell C comprises manifold portions H1 to H4 that penetrate the
frame 5 and the separator 3 in the laminating direction. An oxygen-containing gas is
supplied to the cathode electrode 13 of the fuel cell unit 1, and a fuel gas is supplied to the
anode electrode 11.

[0024] FIG. 3 is a cross-sectional view taken along A-A’ in FIG. 1.

In FIG. 3, the fuel cell unit, the anode electrode, the solid electrolyte layer, the cathode
electrode, the porous metal support, the current collection assisting layer, the separator, a
contacting material layer and a sealing member are denoted respectively by 1, 11, 12, 13, 14,
2,3,4and 6.

[0025] The components of the fuel cell single cell will be described.

[0026] Cathode Electrode

The cathode electrode 13 of the present invention functions not only as a power
generating component but also as a cushion that prevents protrusions of the current
collection assisting layer from attacking the solid electrolyte layer 12 to damage it. At

least a part of the end of the cathode electrode 13 in the planar direction of the cathode
6
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electrode extends outward beyond the end of the current collection assisting layer 2 in
the planar direction of the current collection assisting layer.

[0027] It is preferred that the extended length (CL) of the end of the cathode electrode
that extends outward beyond the end of the current collection assisting layer 2
(described below) is longer than the thermal expansion difference between the solid
electrolyte layer 12 and the current collection assisting layer 2.

[0028] The thermal expansion of the solid electrolyte layer 12 is used as a reference
because the cathode electrode 13 is joined to the solid electrolyte layer 12, and in-plane
expansion and shrinkage of the cathode electrode 13 follows expansion and shrinkage
of the solid electrolyte layer 12.

[0029] Since the extended length (CL) is longer than the thermal expansion difference
between the solid electrolyte layer 12 and the current collection assisting layer 2, the
end of the cathode electrode 13 always extends beyond the end of the current collection
assisting layer 2 even when the solid electrolyte layer 12 and the current collection
assisting layer 2 thermally expand. This allows the cathode electrode 13 to function as
a cushion so as to prevent a damage of the solid electrolyte layer 12.

[0030] Specifically, it is preferred that the extended length (CL) is greater than 1/1000
of the length of the cathode electrode 13 although it depends on the solid electrolyte
layer 12 and the current collection assisting layer 2.

[0031] For example, the linear expansion coefficient of ferrite stainless steel used in the
current collection assisting layer 2 is 11.9x10%/°C (average of 0°C to 65 0°C), and the
linear expansion coefficient of YSZ used in the solid electrolyte layer 12 is 10.5x10°/°C.

Accordingly, it is possible to prevent a damage of the solid electrolyte layer 12 when the
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extended length (CL) is greater than 1/1000 of the length of the cathode electrode 13.
[0032] Since the portion of the cathode electrode 13 that extends beyond the end of the
current collection assisting layer 2 is not used for power generation, it is preferred that
the upper limit of the extended length (CL) is approximately 1/1100.

[0033] As used herein, the length of the cathode electrode 13 refers to the total length of
the cathode electrode 13 in the direction of extending outward beyond the end of the
current collection assisting layer 2.

[0034] Examples of materials of the cathode electrode 13 include perovskite-type
oxides.

Examples of such perovskite-type oxides include perovskite oxides (e.g. LSCF
(lanthanum strontium cobalt ferrite), LSM (lanthanum strontium manganite)) and the
like.

[0035] Anode Electrode

Materials that can be used as the anode electrode 11 are metal catalysts that are
composed of a metal and/or an alloy, has hydrogen-oxidizing activity and are stable in a
reductive atmosphere.

[0036] Examples of such metal catalysts include nickel (Ni), palladium (Pd), platinum
(Pt), ruthenium (Ru), Ni-Fe alloys, Ni-Co alloys, Fe-Co alloys, Ni-Cu alloys, Pd-Pt
alloys and the like.

[0037] Solid Oxide Layer

Materials that can be used as the solid electrolyte layer 12 of the fuel cell unit 1 are
oxides that have oxygen-ion conductivity and function as a solid electrolyte.

[0038] Examples include YSZ (yttria-stabilized zirconia: Zr1.xYx02), SSZ (scandium-
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stabilized zirconia: Zr; xScxOz2), SDC (samarium-doped ceria: Ce;xSmy02), GDC
(gadolinium-doped ceria: Ce1-xGdxO2), LSGM (lanthanum strontium magnesium
gallate: La;«SrxGaiyMgyO3) and the like.

[0039]} Porous Metal Support

The porous metal support 14 supports the anode electrode 11, the solid electrolyte layer
12 and the cathode electrode 13 from the anode electrode 11.

The porous metal support 14 may have many continuous pores that penetrate the porous
metal support 14 in the laminating direction.

(0040] Examples that can be used as the porous metal support 14 are metal particles or
metal fiber shaped by sintering or press working, a porous metal plate with pores
formed by etching or machining, and the like.

[0041] Examples of metal materials of the porous metal support 14 include stainless
steel, iron (Fe), nickel (Ni), copper (Cu), platinum (Pt), silver (Ag) and the like.

[0042] The fuel cell unit 1 can be formed by laminating it on one side of the porous
metal support 14.  The fuel cell unit 1 may be laminated by either dry method or wet
method.

[0043) Examples of dry methods include direct current heating deposition, ion beam
deposition, reactive ion beam deposition, bipolar sputtering, magnetron sputtering,
reactive sputtering, tripolar sputtering, ion beam sputtering, ion plating, hollow cathode
beaming, ion beam injection, plasma CVD and any combination thereof,

[0044] Examples of wet methods include ink-jetting, dispenser, roll coater, screen
printing and any combination thereof. ~ Slurry or paste can be used to form the films.

[0045] Current Collection Assisting Layer
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The current collection assisting layer 2 is provided to form a conductive path from the
cathode electrode 13 to the separator 3 to facilitate migration of charges from the
cathode electrode 13 to the separator 3 so as to decrease the overall electric resistance of
the fuel cell single cell. The current collection assisting layer 2 comprises a
conductive portion 21 of a metal material and gas flowing holes 22 that penetrate the
current collection assisting layer 2 in the laminating direction.

[0046] Examples of materials that can be used as the current collection assisting layer 2
include expanded metals as illustrated in FIG. 4, perforated metals as illustrated in FIG.
5, metal meshes as illustrated in FIG. 6, cantilever springs formed by cutting a flat plate
as illustrated in FIG. 7 and the like, which have many gas flowing holes 22 that
penetrate each of them in the laminating direction.

[0047] The same metal materials as those of the above-described porous metal support
14 can be used for the current collection assisting layer 2.

[0048] The size of the gas flowing holes 22 of the current collection assisting layer 2 is
less than the width of the gas channels G formed by the separator 3 (described below),
i.e. the intervals of the protruded portions of the corrugation of the separator that are in
contact with the current collection assisting layer 2.

[0049] Since the cathode electrode 13 and the contacting material layer 4 (described
below) are made of a metal oxide that has higher electric resistance than metals, the fuel
cell single cell C has decreased power generation efficiency when the travel distance of
charges is long in the cathode electrode and the contacting material layer.

[0050] Since the current collection assisting layer 2 is provided which has many gas

flowing holes 22 that are smaller than the width of the gas channels G, charges in the

-10 -
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cathode electrode 13 migrate to the separator 3 through the conductive portion 21 of the
current collection assisting layer 2.

This can reduce the travel distance of charges in the cathode electrode and the
contacting material layer so as to decrease the electric resistance.

[0051] It is preferred that the width of the conductive portion 21 of the current
collection assisting layer 2 is within the range of 0.5 mm to 0.15 mm.

Oxide film is readily formed in SOFCs due to its high operating temperature. In
particular, oxide film is readily formed to increase the electric resistance in a cathode to
which oxygen gas is supplied.

[0052] When the width of the conductive portion 21 is less than 0.5 mm, the current
collection assisting layer 2 has large surfacc arca.  Since this increascs the contact area
with the oxygen-containing gas, the current collection assisting layer 2 is more likely to
be oxidized to increase the electric resistance.

[0053] When the width of the conductive portion 21 is greater than 0.15 mm, the
oxygen-containing gas travels a long distance to reach the portions where the cathode
electrode 13 is in contact with the conductive portion 21. This may make some
portions of the cathode electrode 13 less available for power generation and decrease
the power generation efficiency.

[0054] It is preferred that the porosity of the gas flowing holes 22 of the current
collection assisting layer 2 is within the range of 30% to 80%.

When the porosity is less than 30%, it is difficult to supply the oxygen-containing gas to
the cathode electrode 13.  When the porosity is greater than 80%, charges migrate long

distance in the cathode electrode and the contacting material layer.

-11 -
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[0055] Separator

The separator 3 comprises continuous protruded portions. The protruded portions are
in contact with the current collection assisting layer 2 or an adjacent fuel cell single cell
C to electrically join the current collection assisting layer 2 with the adjacent fuel cell
single cell C and to form the gas channels G between the current collection assisting
layer 2 and the adjacent fuel cell single cell C.

[0056] It is preferred that the separator 3 is joined to the current collection assisting
layer 2 and to a porous metal support 14 of the adjacent fuel cell single cell C with
metal joining portions 31.

[0057] The metal joining portions 31 couple and integrate the metal materials of the
current collection assisting layer 2, the separator 3 and the porous metal support 14
directly and/or via another metal material. The metal joining portions 31 do not
comprise oxide film therein.

[0058] By coupling and integrating the metal materials with cach other, it is possible to
prevent formation of oxide film inside the joining portions 31 since the oxygen-
containing gas cannot interpenetrate into the metal joining portions 31.

[0059] Therefore, the electric resistance between the current collection assisting layer 2
and the separator 3 and between the separator 3 and the porous metal support 14 of the
adjacent fuel cell single cell C can be maintained at a low level, and the power
generation efficiency can thus be improved.

[0060] The metal joining portion 31 can be formed by welding or brazing.

As used herein, welding refers to melting metal parts themselves to couple and integrate

the metal parts with each other.  Brazing refers to coupling and integrating metal parts

-12-
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with each other by using other metal material than the metal parts to be coupled.

[0061] The separator 3 can be formed by shaping a flat plate of a metal material into a
corrugated shape by press working.

The same materials as the above-described metal materials of the porous metal support
14 can be used as the metal material of the separator 3.

[0062] Contacting material layer

The fuel cell single cell C of the present invention may comprise the contacting material
layer 4 between the cathode electrode 13 and the current collection assisting layer 2.

The contacting material layer 4 joins the cathode electrode 13 to the current collection
assisting layer 2 in the entire surface thereof and serves as a cushion between the current
collection assisting layer 2 and the solid electrolyte layer 12.

[0063] The current collection assisting layer 2 often has an uneven surface or a warpage,
which is likely to cause a winkle or warpage when it is fixed to the separator 3.
Therefore, it is difficult to bring the cathode electrode 13 of the fuel cell unit 1 in direct
contact with the current collection assisting layer 2 in the entire surface, and this results
in the increased contact resistance.

[0064] When the current collection assisting layer 2 is strongly pressed against the
cathode electrode 13 of the fuel cell unit 1 to bring the current collection assisting layer
2 into contact with the cathode electrode 13 in the entire surface, the fuel cell unit 1 may
be damaged by pressing pressure, since the fuel cell unit 1 of the SOFC, which includes
the solid electrolyte layer 12, is thin and hard, and the current collection assisting layer
2 is also hard.

[0065] When the contacting material layer 4 is provided between the cathode electrode

-13-
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13 and the current collection assisting layer 2, the contacting material layer 4 can absorb
the unevenness or warpage of the current collection assisting layer 2 to form a flat
joining surface with the cathode electrode 13. Therefore, the cathode electrode 13 and
the current collection assisting layer 2 can be joined to each other well.

[0066] The current collection assisting layer 2 can be made of a material that can be
sintered along with the cathode electrode 13 to reduce the contact resistance with the
cathode electrode 13.

[0067] Specifically, besides boron trioxides (B203), zinc oxides (ZnO), vanadium
oxides (V20s) and molybdenum oxides (MoQ3), the metal oxides of the above-
described solid oxide layer can be used. They can be used alone or as a combination
of two or more.

[0068] When the current collection assisting layer 2 contains the same metal oxide as
that of the cathode electrode 13, it can be integrated with the cathode electrode 13 to
decrease the contact resistance. Furthermore, the current collection assisting layer 2
can maintain the decreased electric resistance for a long time since it is less likely to
come apart.

[0069] The contacting material layer 4 can be formed by mixing the above-described
metal oxide particles with an organic binder, an organic solvent and the like and
applying the prepared ink or paste or by forming the material into a flexible sheet or
plate and cutting it into a desired shape.

[0070] The thickness of the contacting material layer 4 is not particularly limited. It is
only necessary that the contacting material layer 4 can absorb the unevenness or

warpage of the current collection assisting layer to provide a flat surface on the other

-14-
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side that is to be joined to the cathode electrode.

[0071] When the current collection assisting layer 2 has a flat surface that is joined to
the cathode electrode 13, the conductive portion 21 of the current collection assisting
layer 2 bites into the contacting material layer 4 to a depth less than the thickness of the
contacting material layer 4. Accordingly, the cathode electrode is prevented from
being damaged by the current collection assisting layer 2 that protrudes on the joining
face between the contacting material layer 4 and the cathode electrode 13.

As aresult, it is possible to integrate the contacting material layer 4 with the cathode
electrode 13 in the entire surface by sintering so as to reduce the contact resistance.
[0072] The conductive portion 21 of the current collection assisting layer 2 bites into the
contacting material layer 4 when they are joined with each other.  The conductive
portion 21 that bites into the contacting material layer 4 can reduce the contact
resistance between the current collection assisting layer 2 and the contacting material
layer 4 and firmly join the current collection assisting layer 2 to the contacting material
layer 4.

[0073] When the contact resistance of a portion having a small contact area or oxide
film causes an increase in resistance, the overall electric resistance of the system
remarkably is increased. However, the conductive portion 21 that bites into the
contacting material layer 4 and joins to it in the entire surface can prevent such an
increase of the electric resistance.

[0074] To join the conductive portion 21 to the contacting material layer 4, ink or paste
of an application liquid of the contacting material layer can be applied on the current

collection assisting layer 2 so that the application liquid of the contacting material layer

-15-
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flows into the gas flowing holes 22. This allows forming a joining portion in which
the conductive portion 21 of the current collection assisting layer 2 bites into the
contacting material layer 4.

[0075] In the embodiment, at least a part of the end of the cathode electrode 13 in the
planar direction, the cathode electrode 13 being in the direction perpendicular to the gas
channel direction, extends outward beyond the end of the current collection assisting
layer 2 in the planar direction of the current collection assisting layer. This can
prevent a breakage of the solid electrolyte layer 12 by the current collection assisting
layer 2.

{0076] Second Embodiment

FIG. 8 is a cross-scctional view of the fuel cell single cell according to the embudiment
taken in the gas channel direction, i.e. along the line B-B’ in FIG. 1.  In the upper fuel
cell single cell in FIG. 8, protruded portions of a separator 3 are in contact with a
current collection assisting layer. Further, fuel gas channels are formed under the fuel
cell unit 1 around the sheet, and oxygen-containing gas channels are formed on the fuel
cell unit 1 in front of and behind the sheet.

The same reference signs are denoted to the same components as those in the previous
embodiment, and the detailed description thereof is omitted.

[0077] In the fuel cell single cell C of the embodiment, the end of the cathode electrode
13 in the upstream of the gas channel direction of the oxygen-containing gas extends

outward beyond the end of current collection assisting layer 2 in the upstream of the gas
chanrel direction of the oxygen-containing gas, i.e. is located in the upstream of the gas

channel direction of the oxygen-containing gas.

-16 -
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The extended length (CL) of the end of the cathode electrode that extends outward
beyond the end of the current collection assisting layer 2 is as long as that in the above-
described first embodiment.

[0078] The operating temperature of SOFCs is high. When a high-temperature gas is
directed into the oxygen-containing gas channels to rapidly increase the temperature for
the purpose of reducing the start-up time from a cold state, the temperature is increased
from a part proximate to a manifold for supplying the oxygen-containing gas.

[0079] When the oxygen-containing gas and a fuel gas flow in the same direction, the
temperature is also increased from a part proximate to the manifold for supplying the
oxygen-containing gas and a manifold for supplying the fuel gas, i.e. from the upstream
of the gas channel direction of the oxygen-containing gas.

[0080] Accordingly, the separator 3 most strongly presses the current collection
assisting layer 2 in the upstream of the gas channel direction of the oxygen-containing
gas.

[0081] In the embodiment, the end of the cathode electrode 13 in the upstream of the
gas channel direction of the oxygen-containing gas extends outward beyond the end of
the current collection assisting layer in the upstream of the gas channel direction. This
can prevent the solid electrolyte layer 12 from being damaged in the portion that is most
likely to experience thermal expansion.

[0082] Third Embodiment

In a fuel cell single cell C of this embodiment, the end of a current collection assisting
layer 2 in the direction perpendicular to a gas channel direction extends outward beyond

the outermost protruded portion of the separator, which forms gas channels, in the
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planar direction.

FIG. 9 is a cross-sectional view taken along A-A’ in FIG. 1.

The same reference signs are denoted to the same components as in the previous
cmbodiments, and the detailed description thereof is omitted.

[0083] The fue! celf unit 1 bends like a bimetal in a high-temperature condition as
illustrated in FIG. 10 since the layers of the fuel cell unit have different coefficients of
thermal expansion.

The bending deformation of the current collection assisting layer 2 is less than the
bending deformation of the fuel cell unit 1 due to the bending deformation of the
separator 3. Accordingly, the end of the fuel cell unit 1 presses the current collection
assisting layer 2 as illustrated by the arrows in FIG. 10, and a reaction force of the
current collection assisting layer 2 breaks a solid electrolyte layer 12 of the fuel cell unit.
[0084] However, since the end of the current collection assisting layer 2 is located at an
outside of the outermost protruded portion of the separator 3, the end of the current
collection assisting layer 2 does not resist against the bending deformation of the fuel
cellunit 1. This can prevent the solid electrolyte layer 12 from being damaged.
[0085] The extended length (SL) of the end of the current collection assisting layer 2
that extends outward beyond the protruded portions of the separator 3 is preferably at
least 20 times greater than the thickness (h) of the current collection assisting layer 2,
although it depends on the fuel cell unit 1 and the current collection assisting layer 2.
[0086] Since the extended length (SL) is 20 times greater than the thickness (h) of the
current collection assisting layer 2, the load on the fuel cell unit 1 from the distorted

current collection assisting layer 2 is equal to or less than one tenth of the bending stress
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on the fuel cell unit itself due to the thermal expansion of the fuel cell unit 1. This can
prevent the solid electrolyte layer 12 from being pressed and broken by the current
collection assisting layer 2.

[0087] That is, since the current collection assisting layer 2 bends like a beam with fixed
ends at the outermost protruded portions of the separator 3, the load on the current
collection assisting layer 2 caused by a bending deformation of the fuel cell unit 1 is
less than the fracture stress of the fuel cell unit I. This can prevent a breakage of the
fuel cell unit 1.

[0088] Fourth Embodiment

In a fuel cell single cell C of this embodiment, an end of a current collection assisting
layer 2 in the direction perpendicular to the gas channel direction is fixed outside the
outermost protruded portion in the planar direction of a separator.

FIG. 11 is a cross-sectional view taken along A-A’ in FIG. 1.

The same reference signs are denoted to the same components as those in the previous
embodiments, and the detailed description thereof is omitted.

[0089] Since the end of the current collection assisting layer 2 is fixed outside the
outermost protruded portion of the separator in the planar direction, i.e. at a location
other than the protruded portions of the separator 3, with a metal joining portion 31.
This can prevent the end of the current collection assisting layer 2 from attacking a solid
electrolyte layer 12, so as to prevent a breakage of the solid electrolyte layer 12.

{0050] Fifth Embodiment

The fuel cell single cell C of this embodiment comprises a contacting material layer 4

between a cathode electrode 13 and a current collection assisting layer 2.  Further, an
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end of the contacting material layer 4 in the direction perpendicular to the gas channel
direction, i.e. the part outside an outermost protruded portion of a separator in the planar
direction, is thicker than the part inside the outermost protruded portion.

FIG. 12 is a cross-sectional view taken along A-A’ in FIG. 1.

The same reference signs are denoted to the same components as those in the previous
embodiments, and the detailed description thereof is omitted.

[0091] In the contacting material layer 4, the part outside the outermost protruded
portion of a separator 3 that is in contact with the current collection assisting layer 2 is
thicker than the inside. This can extend the distance from the end of the current
collection assisting layer 2 to a solid electrolyte layer 12 and allow the contacting

matcrial laycr 4 to function as a cushion, so as to prevent a breakage of the solid

electrolyte layer 12.

REFERENCE SIGNS LIST
[0092]
1 Fuel cell unit
11 Anode electrode
12 Solid electrolyte layer
13 Cathode electrode

14 Porous metal support

2 Current collection assisting layer
3 Separator
4 Contacting material layer
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5 Frame

6 Sealing member

G Gas channel

H1 to H4 Manifold
s C Fuel cell single cell
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A fuel cell single cell, comprising:
a fuel cell unit in which an anode electrode, an electrolyte layer and a cathode
electrode are sequentially laminated;

a separator;

a current collection assisting layer disposed between the cathode electrode of the fuel
cell unit and the separator, and

a contasting material layer disposed between the cathode electrode of the fuel cell
unit and the current csllection assisting layer,

wherein_a conductive portion of the current collection assisting layer bites into the
contacting material layer and is joined with the contacting material layer,

wherein the separator has a corrugated transverse cross section and comprises a
plurality of corrugations, at least one corrugation having a protruded portion that is in
contact with the current collection assisting layer to form gas channels between the separator
and the current collection assisting layer,

wherein at least a part of an end of the cathode electrode in an upstream of a gas
channel direction of an oxygen-containing gas extends outward beyond an end of the current
collection assisting layer in the upstream of the gas channel,

wherein the end of the current collection assisting layer in the gas channel direction
and the end of the current collection assisting layer in a direction perpendicular to thc_e gas
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channel direction is located outside an outermost protruded portion of the separator in a
planar direction of the protruded portions of the separator,

wherein the current collection assisting layer comprises a conductive portion and gas
flowing holes that penetrate the current collection assisting layer in a laminating direction of

the fuel cell unit, and

wherein the current collection assisting layer is composed of metal materials.

2. The fuel cell single cell according to claim 1, wherein the current collection assisting

layer is constituted by an expanded metal.

3. The fuel cell single cell according to claim 1 or 2, wherein an extend length of the
end of the cathode electrode that extends outward beyond the end of the current collection

assisting layer is greater than 1/1000 of a length of the cathode electrode.

4. The fuel cell single cell according to any one of claims 1 to 3, wherein the end of the
cathode electrode in a planar direction perpendicular to a gas channel direction extends
beyond the end of the current collection assisting layer in a planar direction perpendicular to
the gas channel direction to be located outside the end of the current collection assisting

layer in a planar direction perpendicular to the gas channel direction.

5. The fuel cell single cell according to any one of claims 1 to 4, wherein the end of the
cathode electrode, the end being in an upstream of the gas channel direction, extends beyond
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the end of the current collection assisting layer, the end being in the upstream of the gas

channel direction, to be located in the upstream of the gas channel direction.

6. The fuel cell single cell according to any one of claims 1 to 5, wherein an extended
length of the end of the current collection assisting layer, the end being located outside the
outermost protruded portion of the separator forming the gas channels in the planar direction
of the protruded portions of the separator, is at least 20 times greater than a tlﬁckne;s of the

current collection assisting layer.

7. The fuel cell single cell according to any one of claims 1 to 6,

wherein the current collection assisting layer includes a fixed point at which the end
of the current collection assisting layer in the direction perpendicular to the gas channel
direction is fixed to the separator, and

the fixed point of the current collection assisting layer is outside an outermost
protruded portion of the separator forming the gas channels in a planar direction of the

separator.

8. The fuel cell single cell acqording to any one of claims 1 to 7, wherein within range
that the current collection assisting layer is in contact with the separator, a part of the
contacting material layer that is outside an outermost protruded portion of the separator in
the direction perpendicular to the gas channel direction is thicker than a part of the
contacting material layer that is inside the outermost protruded portion.
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9. The fuel cell single cell according to any one of claims 1 to 8, wherein the conductive
portion of the current collection assisting layer bites into the contacting material layer to a

depth that is less than a thickness of the contacting material layer.
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