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Description

TECHNICAL FIELD

[0001] Thepresent disclosure relates to an electrolyte layer-anode compositemember anda cell structure. The present
application claims priority to Japanese Patent Application No. 2018‑039522 filed on March 6, 2018.

BACKGROUND ART

[0002] A fuel cell is a device that generates power by an electrochemical reaction between a fuel such as hydrogen and
air (oxygen). A fuel cell can directly convert chemical energy into electricity and thus has a high power generation
efficiency. Inter alia, a solid oxide fuel cell (hereinafter referred to as an "SOFC") havinganoperating temperature of 700°C
or higher, about 800°C to 1000°C in particular, has a fast reaction speed, and it is easily handled as it has a cell structure
with its constituent elements all being solid.
[0003] Thecell structure includesacathode, ananode, andasolid electrolyte layer interposedbetween thecathodeand
the anode. A composite member made of the solid electrolyte layer and the anode is obtained, for example, by shaping a
precursor of the anode, thenapplying a solid electrolyte to a surface thereof, andperforming co-sintering. In the composite
member thus obtained, the solid electrolyte layer and the anode are integrated by sintering.
[0004] The electrolyte layer-anode composite membermay have warpage, due to a difference in expansion coefficient
between a precursor of the solid electrolyte layer and the precursor of the anode in the co-sintering step. The warpage of
the electrolyte layer-anode compositemember leads to a decrease in power generation performance.When thewarpage
is too much, the electrolyte layer-anode composite member may be broken. Accordingly, Japanese Patent Laying-Open
No. 2013‑206702 (PTL 1) teaches controlling the thermal expansion coefficient of a solid electrolyte.

CITATION LIST

PATENT LITERATURE

[0005]

PTL 1: Japanese Patent Laying-Open No. 2013‑206702,
PTL 2: KR101439176;
non-PTL: Kumar et al., "Processing and characterizations of a novel proton-conducting BaCe0.35Zr0.50Y0.15O3-δ
electrolyte and its nickel-based anode composite for anode-supported IT-SOFC", Materials for Renewable and
Sustainable Energy, vol. 3, no. 4, 13 August 2014.

SUMMARY OF INVENTION

[0006] One aspect of the present disclosure relates to an electrolyte layer-anode composite member including: an
anode including a first metal oxide having a perovskite crystal structure; and a solid electrolyte layer including a second
metal oxide having a perovskite crystal structure, the anode including at least one of nickel and a nickel compound, the
anode having a sheet-like shape, the solid electrolyte layer having a sheet-like shape, the solid electrolyte layer being
stacked on the anode, the anode having a thickness Ta of 850 µm or more.
[0007] Another aspect of the present disclosure relates to a cell structure including: the electrolyte layer-anode
composite member described above; and a cathode, the cathode having a sheet-like shape, the cathode being stacked
on the solid electrolyte layer of the electrolyte layer-anode composite member.

BRIEF DESCRIPTION OF DRAWINGS

[0008]

Fig. 1 is a cross sectional view schematically showing an electrolyte layer-anode composite member in accordance
with one embodiment of the present disclosure.
Fig. 2 isagraphshowing the result of asimulationof the relationbetween the thicknessofananodeand thewarpageof
the composite member.
Fig. 3 is a graph showing the result of a simulation of the relation between the thickness of the anode and the residual
stress of the composite member.
Fig. 4 is a plan view schematically showing the anode in accordance with the one embodiment of the present
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disclosure.

DETAILED DESCRIPTION

[Problem to be Solved by the Present Disclosure]

[0009] Warpageof an electrolyte layer-anode compositemember is suppressed by a technique simpler than that in PTL
1.
[0010] Further, residual stress at an interface between a solid electrolyte layer and an anode is suppressed.

[Advantageous Effect of the Present Disclosure]

[0011] According to the present disclosure, warpage and residual stress of an electrolyte layer-anode composite
member are suppressed. Thus, a fuel cell using the same has an improved power generation performance.

[Description of Embodiment of the Present Disclosure]

[0012] First, the contents of an embodiment of the present disclosure will be enumerated.

(1) An electrolyte layer-anode composite member in accordance with one embodiment of the present disclosure
includes an anode including a first metal oxide having a perovskite crystal structure, and a solid electrolyte layer
including a second metal oxide having a perovskite crystal structure, the anode including at least one of nickel and a
nickel compound, the anode having a sheet-like shape, the solid electrolyte layer having a sheet-like shape, the solid
electrolyte layer being stacked on the anode, the anode having a thickness Ta of 850 µmormore. Thereby, warpage
and residual stress of the electrolyte layer-anode composite member are reduced.
(2) The first metal oxide may be a compound represented by the following formula (1):

A1mB1nC11-nO3-δ formula (1),

where an element A1 is at least one selected from the group consisting of Ba,Ca, andSr, an element B1 is at least one
selected from the group consisting of Ce and Zr, an element C1 is at least one selected from the group consisting of Y,
Yb, Er, Ho, Tm, Gd, In, and Sc, 0.85≤m≤1, 0.5≤n<1, and δ represents an oxygen vacancy concentration.
(3) The second metal oxide may be a compound represented by the following formula (2):

A2xB2yC21-yO3-δ formula (2),

where an element A2 is at least one selected from the group consisting of Ba,Ca, andSr, an element B2 is at least one
selected from the group consisting of Ce and Zr, an element C2 is at least one selected from the group consisting of Y,
Yb, Er, Ho, Tm, Gd, In, and Sc, 0.85≤x≤1, 0.5≤y<1, and δ represents an oxygen vacancy concentration.
(4) The thickness Ta of the anode and a thickness Te of the solid electrolyte layer may satisfy a relation of
0.003≤Te/Ta≤0.036.
(5) A thickness Te of the solid electrolyte layer may be 5 µm or more and 30 µm or less.
(6) The anode has a circular sheet-like shape, and the thickness Ta of the anode and a diameter Da of the anodemay
satisfy a relation of 55≤Ta/Da≤300.
(7) The diameter Da of the anode may be 5 cm or more and 15 cm or less. In the above case, the warpage and the
residual stress of the electrolyte layer-anode composite member are further reduced.
(8) The thickness Ta of the anode may be 1500 µm or less. Thereby, gas diffusivity of the anode is improved.
(9) A cell structure in accordancewith one embodiment of the present disclosure includes the electrolyte layer-anode
composite member described above, and a cathode, the cathode having a sheet-like shape, the cathode being
stacked on the solid electrolyte layer of the electrolyte layer-anode composite member. A fuel cell including this cell
structure is excellent in power generation performance.

[Details of Embodiment of the Invention]

[0013] A specific example of an embodiment of the present invention will be described below with reference to the
drawings as appropriate. It should be noted that the present invention is not limited to these examples; rather, it is defined
by the appended claims, and is intended to encompass any modification within the meaning and scope of the claims.
[0014] In thepresent specification,anexpression in the formof "X toY"meansupperand lower limitsof a range (that is,X
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or more and Yor less), and when X is not accompanied by any unit and Y is alone accompanied by a unit, X has the same
unit as Y.
[0015] An electrolyte layer-anode compositemember (hereinaftermay be simply referred to as a "compositemember")
in accordance with the present embodiment includes an anode and a solid electrolyte layer, and is used with being
incorporated into a fuel cell, for example. The anode includes a first metal oxide having a perovskite crystal structure. The
solid electrolyte layer includes a second metal oxide having a perovskite crystal structure. The solid electrolyte layer and
the anode are co-sintered and integrated.
[0016] In one aspect of the present embodiment, the anodemay have a sheet-like shape, the solid electrolyte layermay
have a sheet-like shape, and the solid electrolyte layer may be stacked on the anode.
[0017] A precursor of the anode subjected to the co-sintering includes, for example, nickel oxide (NiO), which is a
precursor of nickel serving as a catalyst, in addition to a metal oxide having a perovskite crystal structure. The linear
expansion coefficient of NiO is higher than the linear expansion coefficient of the metal oxide having a perovskite crystal
structure (for example, the first metal oxide and the second metal oxide described above). Accordingly, the thermal
expansion coefficient of the precursor of the anode includingNiO is higher than that of the solid electrolyte layer. Due to the
difference in thermal expansion coefficient between the precursor of the anode and the precursor of the solid electrolyte
layer in the co-sintering step, in the obtained compositemember, residual stress occurs at an interface between the anode
and the solid electrolyte layer, and warpage occurs in a direction in which the anode side serves as an inside.
[0018] In the present embodiment, the residual stress and thewarpage of the compositemember are suppressed by an
extremely simple techniqueof controlling the thicknessof theanode.That is, a thicknessTaof theanode is set to850µmor
more. This suppresses deformation of the precursor of the anode in a thickness direction in the co-sintering step,
decreasing the residual stress and the warpage of the composite member. Here, the "thickness" of the anode means a
minimal distance between onemain surface and the othermain surface of the anode having a sheet-like shape. The same
applies to the thickness of the solid electrolyte layer and the thickness of a cathode described later.
[0019] Conventionally, the thickness of an anode is about 600 µm to 700 µm, because a too thick anode leads to a
decrease in gas diffusivity and cost increase. However, such a thin anode is more likely to be deformed in the thickness
direction in the co-sintering step. Accordingly, residual stress andwarpage of a compositemember increase, which rather
results in a decreased power generation performance of a fuel cell.
[0020] When the anode has a sheet-like shape, the thickness Ta of the anode is preferably 900 µm or more. From the
viewpoint of gas diffusivity, the thickness Ta of the anode is preferably 1500 µm or less, and more preferably 1200 µm or
less.
[0021] The thicknessTaof theanodecanbecalculatedby takingascanningelectronmicroscope (SEM)photographofa
cross section of the composite member. Specifically, first, in an SEM photograph of any cross section S of the composite
member, an average value of thicknesses of the anode at any five points is obtained. This is defined as a thickness of the
anode in cross section S. Similarly, thicknesses of the anode in any cross sections at four other locations are calculated.
The thicknesses of the anode in the cross sections at these five locations are further averaged to obtain a value, which
serves as the thickness Ta of the anode. A thickness Te of the solid electrolyte layer and the thickness of the cathode are
similarly obtained.
[0022] The acceptable amount of thewarpage of the compositemember varies depending on the number of stacks, the
configuration, and the like of the cell structure. For example, when the composite member has a circular sheet-like shape
because good stackability is achieved and breakage during stacking is more likely to be suppressed, warpage of the
composite member having a diameter of 5 cm or more and 15 cm or less is preferably 1 mm or less. The diameter of the
composite member may be calculated as a diameter of a corresponding circle having the same area as that of one main
surface of the composite member. A diameter Da of the anode can also be calculated similarly.
[0023] The residual stress of the composite member is preferably less than or equal to a transverse intensity of the cell
structure including the composite member. The transverse intensity of the cell structure varies depending on thematerial
and the thickness of the anode, the material and the thickness of the solid electrolyte layer, and the like. The transverse
intensity of the cell structure is preferably 100 MPa or more, for example, because breakage while assembling and using
the fuel cell is more likely to be suppressed.

(Anode)

[0024] The anode preferably has a sheet-like shape, and more preferably has a circular sheet-like shape. The anode
includes the first metal oxide having a perovskite crystal structure. By including the first metal oxide, the anode can have
proton conductivity. In addition, the anode preferably has a porous structure. That is, in one aspect of the present
embodiment, suchananodehasaproton-conductiveporous structure. In theanodehavingproton conductivity, a reaction
to oxidize a fuel such as hydrogen introduced through a fuel channel and release protons and electrons (a reaction of
oxidationof the fuel) is performed.Aproton-conductive fuel cell (PCFC) canoperate inamedium temperature rangeof400
to 600°C, for example. Accordingly, the PCFC can be used for various applications.
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[0025] The anode includes at least one of nickel and a nickel compound (hereinafter referred to as a "Ni compound")
servingasa catalyst component, in addition to the firstmetal oxide.Amaterial for suchananode includes theNi compound
in addition to the first metal oxide. The content rate of the Ni compound in thematerial for the anode is 40 to 90% bymass,
for example, andmaybe60 to90%bymass,or60 to80%bymass.Examplesof theNi compound includehydroxides, salts
(such as inorganic acid salts such as carbonate), halides, and the like. Inter alia, a Ni oxide such asNiO is preferably used
due toa small volumechange.One typeofNi compoundmaybeusedalone, or twoormore typesofNi compoundsmaybe
used in combination. The content ratio of the nickel and the Ni compound in the anode can be determined by an X-ray
diffraction method, for example.
[0026] In addition, the content rate of the first metal oxide in thematerial for the anodemay be 10 to 60% bymass, 10 to
40%bymass, or 20 to 40%bymass, for example. The content ratio of the firstmetal oxide in the anode can be determined
by an X-ray diffraction method, for example.
[0027] As the first metal oxide, a solid electrolyte (compound) represented by the following formula (1):

A1mB1nC11-nO3-δ formula (1)

is preferably indicated as an example, where 0.85≤m≤1, 0.5≤n<1, and δ represents an oxygen vacancy concentration.
[0028] Anelement A1 is at least one selected from the group consisting of barium (Ba), calcium (Ca), and strontium (Sr).
Inter alia, the element A1 preferably includes Ba from the viewpoint of proton conductivity.
[0029] An element B1 is at least one selected from the group consisting of cerium (Ce) and zirconium (Zr). Inter alia, the
element B1 preferably includes Zr from the viewpoint of proton conductivity.
[0030] An element C1 is at least one selected from the group consisting of yttrium (Y), ytterbium (Yb), erbium (Er),
holmium (Ho), thulium (Tm), gadolinium (Gd), indium (In), and scandium (Sc). Inter alia, the element C1 preferably
includes Y from the viewpoint of proton conductivity and chemical stability.
[0031] Inter alia, a compound represented by BaZraY1-aO3-δ (0.5≤a<1, BZY) is preferable because it is particularly
excellent in proton conductivity and exhibits a high power generation performance. A part of Y that occupies theB sitemay
be replaced with another element (e.g., another lanthanoid element), and a part of Ba that occupies the A site may be
replaced with another group‑2 element (Sr, Ca, or the like).
[0032] When the anode has a circular sheet-like shape (for example, Fig. 4), the thickness Ta (µm) of the anode and the
diameterDa (cm)of the anodepreferably satisfy a relationof 55≤Ta/Da≤300, because the residual stressand thewarpage
of the composite member are further likely to be suppressed. The thickness Ta of the anode and the diameter Da of the
anode more preferably satisfy a relation of 56≤Ta/Da≤300, and further preferably satisfy a relation of 70≤Ta/Da≤150.
[0033] The diameter of the anode is not particularly limited. The diameter Da of the anodemay be 5 cm or more and 15
cm or less, or 7 cm or more and 12 cm or less, for example. When the diameter of the anode is within such a range, the
warpage of the composite member is further likely to be suppressed.

(Solid Electrolyte Layer)

[0034] Thesolid electrolyte layer preferably hasa sheet-like shape, andmorepreferably hasa circular sheet-like shape.
In addition, the solid electrolyte layer is stacked on the anode. The solid electrolyte layer includes the secondmetal oxide
having a perovskite crystal structure. Such a solid electrolyte layer has proton conductivity. The solid electrolyte layer
having proton conductivity moves protons generated at the anode to the cathode.
[0035] As the second metal oxide, a solid electrolyte (compound) represented by the following formula (2):

A2xB2yC21-yO3-δ formula (2)

is preferably indicated as an example, where 0.85≤x≤1, 0.5<y<1, and δ represents an oxygen vacancy concentration.
[0036] Anelement A2 is at least one selected from the group consisting of barium (Ba), calcium (Ca), and strontium (Sr).
Inter alia, the element A2 preferably includes Ba from the viewpoint of proton conductivity.
[0037] An element B2 is at least one selected from the group consisting of cerium (Ce) and zirconium (Zr). Inter alia, the
element B2 preferably includes Zr from the viewpoint of proton conductivity.
[0038] An element C2 is at least one selected from the group consisting of yttrium (Y), ytterbium (Yb), erbium (Er),
holmium (Ho), thulium (Tm), gadolinium (Gd), indium (In), and scandium (Sc). Inter alia, the element C2 preferably
includes Y from the viewpoint of proton conductivity and chemical stability.
[0039] Inter alia, a compound represented by BaZrbY1-bO3-δ (0.5≤b<1, BZY) is preferable because it is particularly
excellent in proton conductivity and exhibits a high power generation performance. A part of Y that occupies theB sitemay
be replaced with another element (e.g., another lanthanoid element), and a part of Ba that occupies the A site may be
replaced with another group‑2 element (Sr, Ca, or the like). The first metal oxide included in the anode may be the same
compoundasordifferent from thesecondmetal oxide included in thesolid electrolyte layer. Interalia, thefirstmetal oxide is
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preferably the same compound as the secondmetal oxide, because it is easy to control the thermal expansion coefficient.
[0040] The solid electrolyte layermay include a component other than the secondmetal oxide, but the content thereof is
preferably small. For example, it is preferable that 99% by mass or more of the solid electrolyte layer is the second metal
oxide. That is, the content ratio of the second metal oxide in the solid electrolyte layer is preferably 99% by mass or more
and 100%bymass or less. The component other than the secondmetal oxide is not particularly limited, and can include a
compound known as a solid electrolyte (including a compound having no proton conductivity). The content ratio of the
second metal oxide in the solid electrolyte layer can be determined by an X-ray diffraction method, for example.
[0041] When the solid electrolyte layer has a sheet-like shape, the thickness of the solid electrolyte layer is not
particularly limited. The thickness Te of the solid electrolyte layer may be 5µmormore and 30µmor less, 10µmormore
and30µmor less, 15µmormoreand30µmor less, or 15µmormoreand25µmor less, for example.When the thickness
of the solid electrolyte layer is within such a range, the resistance of the solid electrolyte layer is suppressed low. The
thickness Te of the solid electrolyte layer can be calculated by taking an SEM photograph of a cross section of the
composite member, as described above.
[0042] The thickness Ta of the anode and the thickness Te of the solid electrolyte layer preferably satisfy a relation of
0.003≤Te/Ta≤0.036, because the residual stress and the warpage of the composite member are further likely to be
suppressed. In this case, the resistance value of the solid electrolyte layer is also suppressed. The thickness Ta of the
anode and the thickness Te of the solid electrolyte layer more preferably satisfy a relation of 0.01≤Te/Ta≤0.022.
[0043] The solid electrolyte layer may be a stacked body of a plurality of solid electrolyte layers. In this case, each solid
electrolyte layer may include the second metal oxide different or identical in type.

[Cell Structure]

[0044] The cell structure in accordance with the present embodiment includes the electrolyte layer-anode composite
member described above, and a cathode. In one aspect of the present embodiment, the cathode has a sheet-like shape,
and the cathode is stacked on the solid electrolyte layer of the electrolyte layer-anode composite member. Fig. 1 shows a
cross section of a cell structure 1 including an electrolyte layer-anode compositemember 5 anda cathode2 in accordance
with the present embodiment.
[0045] The shape of cell structure 1 from an upper surface thereof may be, although not particularly limited to, a circular
shape, tomatch the shapeof theanode (for example, thecircular shapeshown inFig. 4).WhileFig. 1 showscell structure1
in the form of stacked layers, cell structure 1 is not limited thereto in shape. For example, it may be rolled with an anode 3
inside to have a cylindrical shape so as to be hollow. The cylindrical shape has a hollow central portion and has anode 3, a
solid electrolyte layer 4, and cathode 2 successively, concentrically arranged as viewed from the inside (not shown). In the
example shown in Fig. 1, the thickness Ta of anode 3 is larger than a thickness Tc of cathode 2, but cell structure 1 is not
limited thereto in configuration.

(Cathode)

[0046] The cathode has a porous structure that can adsorb, dissociate and ionize oxygen molecules.
[0047] A material for the cathode is a third metal oxide having a perovskite crystal structure, for example. As the third
metal oxide, a compound represented by the following formula (3):

A31-pB3pC3qO3-δ formula (3)

is preferably indicated as an example, where 0<p<1, 0<q<1, and δ represents an oxygen vacancy concentration.
[0048] An element A3 is at least one selected from the group consisting of La, Sm, andBa. An element B3 is at least one
selected from thegroupconsistingofSr andCa.AnelementC3 is at least oneselected from thegroupconsistingofFe,Co,
Mn, and Ni.
[0049] Specifically, the third metal oxide includes lanthanum strontium cobalt ferrite (LSCF, La1-cSrcCo1-dFedO3-δ,
0<c<1, 0<d<1, and δ represents an oxygen vacancy concentration), lanthanum strontium manganite (LSM, La1-
eSreMnO3-δ, 0<e<1, and δ represents an oxygen vacancy concentration), lanthanum strontium cobaltite (LSC, La1-
fSrfCoO3-δ, 0<f<1, and δ represents an oxygen vacancy concentration), samarium strontium cobaltite (SSC, Sm1-
gSrgCoO3-δ, 0<g<1, and δ represents an oxygen vacancy concentration), and the like. Inter alia, LSCF is preferable
because the resistance of the cathode is easily reduced.
[0050] The cathode may include a component other than the third metal oxide, but the content thereof is preferably
small. For example, it is preferable that 99% by mass or more of the cathode is the third metal oxide. That is, the content
ratio of the thirdmetal oxide in the cathode is preferably 99%bymass ormore and 100%bymass or less. The component
other than the thirdmetal oxide is not particularly limited, and can include a compound knownas amaterial for the cathode
(including a compound having no ion conductivity). The content ratio of the third metal oxide in the cathode can be
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determined by an X-ray diffraction method, for example.
[0051] The cathode may include a catalyst such as nickel, iron, cobalt, or the like. The cathode including the catalyst is
formed by mixing and sintering the catalyst and the third metal oxide.
[0052] When thecathodehasasheet-like shape, the thicknessof the cathode is not particularly limited. The thicknessof
the cathode may be 10 µmormore and 30 µmor less, 15 µmor more and 30 µmor less, or 20 µmor more and 30 µmor
less, for example. When the thickness of the cathode is within this range, the internal resistance of the cathode is easily
reduced. The thickness of the cathode can be calculated by taking an SEM photograph of a cross section of the cell
structure, as described above.

[Method for Manufacturing Composite Member and Cell Structure]

[0053] The composite member is fabricated by a first step of preparing a material for a solid electrolyte layer and a
material for an anode, and a second step of forming a first layer (a precursor of the anode) including the material for the
anodeandasecond layer (a precursor of the solid electrolyte layer) including thematerial for the solid electrolyte layer ona
surfaceof the first layer, and firing the first and second layers.A cell structure is fabricatedbyadditionally performinga third
stepof preparing amaterial for a cathode, and stacking and firinga layer including thematerial for the cathodeonasurface
of the solid electrolyte layer formed in the second step. Hereinafter, each step will be described in detail.

(First Step)

[0054] A material for the solid electrolyte layer and a material for the anode are prepared.
[0055] The material for the solid electrolyte layer and the material for the anode preferably include a binder from the
viewpoint of shapability. Examples of the binder include known materials used in manufacturing ceramic materials, e.g.,
polymer binders such as cellulose derivatives (cellulose ethers) such as ethyl cellulose, vinyl acetate resins (including
saponified vinyl acetate resins such as polyvinyl alcohol), and acrylic resins; and waxes such as paraffin wax.
[0056] When thematerial for theanode is subjected topress forming, theamount of thebinder included in thematerial for
the anode is, for example, 1 to 15 parts by mass (3 to 10 parts by mass in particular) relative to 100 parts by mass of the
above composite oxide (a mixture of the first metal oxide and at least one of nickel and a nickel compound).
[0057] Otherwise, the amount of the binder is, for example, 1 to 20 parts bymass (1.5 to 15 parts bymass in particular).
The amount of the binder included in thematerial for the solid electrolyte layer is, for example, 1 to 20 parts bymass (1.5 to
15 parts by mass in particular) relative to 100 parts by mass of the second metal oxide.
[0058] Each material may include a dispersion medium such as water, an organic solvent (e.g., hydrocarbons such as
toluene (aromatic hydrocarbons); alcohols such as ethanol and isopropanol; and carbitols such as butyl carbitol acetate),
as necessary. Each material may include a variety of types of additives, such as a surfactant, a deflocculant (such as
polycarboxylic acid), and the like, as necessary.

(Second Step)

[0059] In the second step, a first layer including the material for the anode and a second layer including the material for
the solid electrolyte layer are stacked to form a stacked body, and the stack body is fired.
[0060] The method for forming each layer is not particularly limited, and may be selected as appropriate depending on
the layer’s desired thickness. The first layer is typically shapedby performing press forming, tape casting, or the like on the
material for the anode. The second layer is typically shaped by performing an existing method such as screen printing,
spray coating, spin coating, dip coating, or the like on the material for the solid electrolyte layer.
[0061] Specifically, first, the material for the anode is formed into a predetermined shape by press forming. The
predeterminedshape is, for example, in the formof apellet, a plate, a sheet, or the like.Prior to this shaping, thematerial for
the anodemaybegranulated and then granulesmaybe shaped. If necessary, the obtained granulesmaybe disintegrated
and then shaped.
[0062] Subsequently, the material for the solid electrolyte layer is applied to a surface of the shaped first layer for
example by screen printing, spray coating, spin coating, dip coating, or the like to form a second layer. A stacked body is
thus obtained.
[0063] Before the material for the solid electrolyte layer is applied, a step of calcining the first layer may be performed.
Thecalcinationmaybeperformedat a temperature lower thana temperatureatwhich thematerial for theanode is sintered
(e.g., 900°C to 1 100°C). The calcination facilitates applying the material for the solid electrolyte layer.
[0064] Subsequently, the obtained stackedbody is fired. The firing is performedby heating the obtained stackedbody in
an oxygen-containing atmosphere to 1200°C to 1700°C, for example. The oxygen content in the firing atmosphere is not
particularly limited. The firingmay be performed for example in an air atmosphere (oxygen content: about 20%by volume)
or in pure oxygen (oxygen content: 100%by volume). The firing canbe performedat a normal pressure or a high pressure.
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[0065] Before the stacked body is fired, a resin component such as a binder included in eachmaterial may be removed.
That is, after the material for the solid electrolyte layer is applied, the stacked body is heated in the air to a relatively low
temperature of about 500°C to 700°C to remove a resin component included in each material. Thereafter, the above-
described firing is performed.
[0066] In the second step, the first and second layers are co-sintered. The anode and the solid electrolyte layer are thus
formed to be integrated.

(Third Step)

[0067] In the third step, a material for the cathode is prepared, and a layer including the material for the cathode is
stackedandfiredonasurfaceof thesolidelectrolyte layer formed in thesecondstep.Thecathode is thus formed.Thefiring
is performed in an oxygen-containing atmosphere similar to the above at 800 to 1100°C, for example.
[0068] Similar to the above, thematerial for the cathodemay also be stacked on the surface of the solid electrolyte layer
by using a cathode dispersion such as paste or slurrymixedwith a binder or the like. The cathode dispersion is stacked for
exampleby the samemethodas themethod for forming the second layer. Theamount of thebinder included in thecathode
dispersion is, for example, 1 to 20 parts bymass (1.5 to 15 parts bymass, in particular) relative to 100 parts bymass of the
first metal oxide.

[Examples]

[0069] Hereinafter, the present invention will be described more specifically based on a simulation. It should be noted,
however, that the following simulation does not limit the present invention.

(1) Model

[0070] A compositemember (diameter: 10 cm) obtained by co-sintering a first layer (a precursor of an anode)made of a
material for theanode including30%byvolumeofBZY (BaZr0.8Y0.2O2.9) and70%byvolumeofNiO, andasecond layer (a
precursor of a solid electrolyte layer) including BZY (BaZr0.8Y0.2O2.9) was used as a model.

(2) Conditions and Results of Simulation

[0071] Residual stress and awarpage amount were simulated in the abovemodel, with the thickness of the co-sintered
first layer (that is, the thickness Ta of the anode) being changed from 600 µm to 1800 µm in 300-µm increments. The
thickness Te of the solid electrolyte layer was set to 20 µm.
[0072] The warpage amount was obtained as a minimal distance between a horizontal plane and the highest point of a
convexof the compositemember, basedonanassumption that the compositememberwasplacedon thehorizontal plane
with its convex facing upward. It was assumed that the residual stress wasmeasured by ameasuringmethod using an X-
ray diffraction method. Figs. 2 and 3 show results.

(3) Evaluation

[0073] A cell structure including a composite member having the same configuration as that described above and a 10-
µm-thick cathode including LSCF (La0.6Sr0.4Co0.2Feo.8O3-δ) was additionally fabricated, and a transverse intensity
thereof was measured according to JIS R 1601:2008. The transverse intensity (actually measured value) of the cell
structure was 152 MPa.
[0074] Ascanbe seen fromFigs. 2 and3,when the thicknessTaof the anodewas850µmormore, thewarpageamount
was 1 mm or less, and the residual stress was 152 MPa or less.
[0075] It should be noted that both the transverse intensity of the cell structure and the residual stress of the composite
member are influenced by the material and the thickness of each of the anode and the solid electrolyte layer. However,
although the transverse intensity of the cell structure and the residual stress of the composite member increase or
decrease depending on the material and the thickness of each of the anode and the solid electrolyte layer, they have the
same tendency to increase or decrease. Accordingly, for example when the anode includes the first metal oxide
represented by the above formula (1) and the solid electrolyte layer includes the second metal oxide represented by
the above formula (2), the residual stress of the composite member also decreases if the thickness Ta of the anode is 850
µm or more. Similarly, when the anode includes the first metal oxide represented by the above formula (1) and the solid
electrolyte layer includes the secondmetal oxide represented by the above formula (2), the warpage amount decreases if
the thickness Ta of the anode is 850 µm or more.
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REFERENCE SIGNS LIST

[0076] 1: cell structure; 2: cathode; 3: anode; 4: solid electrolyte layer; 5: composite member.

Claims

1. An electrolyte layer-anode composite member comprising:

an anode including a first metal oxide having a perovskite crystal structure; and
a solid electrolyte layer including a second metal oxide having a perovskite crystal structure,
the anode including at least one of nickel and a nickel compound,
the anode having a sheet-like shape,
the solid electrolyte layer having a sheet-like shape,
the solid electrolyte layer being stacked on the anode,
the anode having a thickness Ta of 900 µm or more and 1200 µm or less,
the thickness Ta (µm) of the anode and the diameter Da (cm) of the anode satisfy a relation of 70≤Ta/Da≤150.

2. The electrolyte layer-anode composite member according to claim 1, wherein the first metal oxide is represented by
the following formula (1):

A1mB1nC11-nO3-δ formula (1),

where an element A1 is at least one selected from the group consisting of Ba,Ca, andSr, an element B1 is at least one
selected from the group consisting of Ce and Zr, an element C1 is at least one selected from the group consisting of Y,
Yb, Er, Ho, Tm, Gd, In, and Sc, 0.85≤m≤1, 0.5≤n<1, and δ represents an oxygen vacancy concentration.

3. The electrolyte layer-anode composite member according to claim 1 or 2, wherein the second metal oxide is
represented by the following formula (2):

A2xB2yC21-yO3-δ formula (2),

where an element A2 is at least one selected from the group consisting of Ba,Ca, andSr, an element B2 is at least one
selected from the group consisting of Ce and Zr, an element C2 is at least one selected from the group consisting of Y,
Yb, Er, Ho, Tm, Gd, In, and Sc, 0.85≤x≤1, 0.5≤y<1, and δ represents an oxygen vacancy concentration.

4. The electrolyte layer-anode compositemember according to any one of claims 1 to 3, wherein the thickness Ta of the
anode and a thickness Te of the solid electrolyte layer satisfy a relation of 0.003≤Te/Ta≤0.036.

5. The electrolyte layer-anode composite member according to any one of claims 1 to 4, wherein a thickness Te of the
solid electrolyte layer is 5 µm or more and 30 µm or less.

6. The electrolyte layer-anode composite member according to any preceding claim, wherein the diameter Da of the
anode is 5 cm or more and 15 cm or less.

7. A cell structure comprising:

the electrolyte layer-anode composite member according to any one of claims 1 to 6; and
a cathode,
the cathode having a sheet-like shape,
the cathode being stacked on the solid electrolyte layer of the electrolyte layer-anode composite member.

Patentansprüche

1. Elektrolytschicht-Anode-Verbundglied, umfassend:

eine Anode, die ein erstes Metalloxid mit einer Perowskit-Kristallstruktur aufweist, und
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eine solide Elektrolytschicht, die ein zweites Metalloxid mit einer Perowskit-Kristallstruktur aufweist,
wobei die Anode Nickel und/oder eine Nickelverbindung enthält,
wobei die Anode eine schichtartige Form aufweist,
wobei die solide Elektrolytschicht eine schichtartige Form aufweist,
wobei die solide Elektrolytschicht auf die Anode gestapelt ist,
wobei die Anode eine Dicke Ta von 900 µm oder mehr und 1200 µm oder weniger aufweist,
wobei die Dicke Ta (µm) der Anode und der Durchmesser Da (cm) der Anode die Beziehung 70≤Ta/Da≤150
erfüllen.

2. Elektrolytschicht-Anode-Verbundglied nach Anspruch 1, wobei das erste Metalloxid durch die folgende Formel (1)
wiedergegeben wird:

A1mB1nC11-nO3-δ Formel (1)

wobei ein Element A1wenigstens eines ist, das aus der Gruppe ausgewählt ist, die aus Ba, Ca und Sr besteht, wobei
einElementB1wenigstenseines ist, dasausderGruppeausgewählt ist, dieausCeundZrbesteht,wobeieinElement
C1 wenigstens eines ist, das aus der Gruppe ausgewählt ist, die aus Y, Yb, Er, Ho, Tm, Gd, In und Sc besteht, wobei
0,85≤m≤1, 0,5≤n<1 und wobei δ eine Sauerstoffdefektkonzentration wiedergibt.

3. Elektrolytschicht-Anode-Verbundglied nach Anspruch 1 oder 2, wobei das zweite Metalloxid durch die folgende
Formel (2) wiedergegeben wird:

A2xB2yC21-yO3-δ Formel (2)

wobei ein Element A2wenigstens eines ist, das aus der Gruppe ausgewählt ist, die aus Ba, Ca und Sr besteht, wobei
einElementB2wenigstenseines ist, dasausderGruppeausgewählt ist, dieausCeundZrbesteht,wobeieinElement
C2 wenigstens eines ist, das aus der Gruppe ausgewählt ist, die aus Y, Yb, Er, Ho, Tm, Gd, In und Sc besteht, wobei
0,85≤x≤1, 0,5≤y<1 und wobei δ eine Sauerstoffdefekt wiedergibt.

4. Elektrolytschicht-Anode-VerbundgliednacheinemderAnsprüche1bis3,wobeidieDickeTaderAnodeunddieDicke
Te der soliden Elektrolytschicht die Beziehung 0,003≤Te/Ta≤0,036 erfüllen.

5. Elektrolytschicht-Anode-Verbundglied nach einem der Ansprüche 1 bis 4, wobei die Dicke Te der soliden Elektrolyt-
schicht 5 µm oder mehr und 30 µm oder weniger beträgt.

6. Elektrolytschicht-Anode-Verbundglied nach einem der Ansprüche, wobei der Durchmesser Da der Anode 5 cm oder
mehr und 15 cm oder weniger beträgt.

7. Zellenstruktur, umfassend:

das Elektrolytschicht-Anode-Verbundglied gemäß einem der Ansprüche 1 bis 6, und
eine Kathode,
wobei die Kathode eine schichtartige Form aufweist,
wobei die Kathode auf der soliden Elektrolytschicht des Elektrolytschicht-Anode-Verbundglieds gestapelt ist.

Revendications

1. Élément composite couche d’électrolyte-anode comprenant:

une anode incluant un premier oxyde métallique ayant une structure cristalline de perovskite; et
une couche d’électrolyte solide incluant un deuxième oxyde métallique ayant une structure cristalline de
perovskite,
l’anode incluant au moins un parmi le nickel et un composé du nickel,
l’anode ayant une forme analogue à une feuille,
la couche d’électrolyte solide ayant une forme analogue à une feuille,
la couche d’électrolyte solide étant empilée sur l’anode,
l’anode ayant une épaisseur Ta de 900 µm ou plus et de 1200 µm ou moins,
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l’épaisseur Ta (µm) de l’anode et le diamètre Da (cm) de l’anode satisfont une relation de 70≤Ta/Da≤150.

2. Élément composite couche d’électrolyte-anode selon la revendication 1, dans lequel le premier oxydemétallique est
représenté par la formule (1) suivante:

A1mB1nC11-nO3-δ formule (1),

où un élément A1 est au moins un choisi dans le groupe consistant en Ba, Ca et Sr, un élément B1 est au moins un
choisi dans le groupe consistant enCeet Zr, un élémentC1 est aumoins un choisi dans le groupe consistant enY, Yb,
Er, Ho, Tm, Gd, In et Sc, 0,85≤m≤1, 0,5≤n<1, et δ représente une concentration de lacunes d’oxygène.

3. Élément composite couche d’électrolyte-anode selon la revendication 1 ou 2, dans lequel le deuxième oxyde
métallique est représenté par la formule (2) suivante:

A2xB2yC21-yO3-δ formule (2),

où un élément A2 est au moins un choisi dans le groupe consistant en Ba, Ca et Sr, un élément B2 est au moins un
choisi dans le groupe consistant enCeet Zr, un élémentC2 est aumoins un choisi dans le groupe consistant enY, Yb,
Er, Ho, Tm, Gd, In et Sc, 0,85≤x≤1, 0,5≤y<1, et δ représente une concentration de lacunes d’oxygène.

4. Élément composite couche d’électrolyte-anode selon l’une quelconque des revendications 1 à 3, dans lequel
l’épaisseur Ta de l’anode et une épaisseur Te de la couche d’électrolyte solide satisfont une relation de 0,003≤Te/-
Ta≤0,036.

5. Élément composite couche d’électrolyte-anode selon l’une quelconque des revendications 1 à 4, dans lequel une
épaisseur Te de la couche d’électrolyte solide est 5 µm ou plus et 30 µm ou moins.

6. Élément composite couched’électrolyte-anode selon l’une quelconquedes revendications précédentes, dans lequel
le diamètre Da de l’anode est 5 cm ou plus et 15 cm ou moins.

7. Structure de pile comprenant:

l’élément composite couche d’électrolyte-anode selon l’une quelconque des revendications 1 à 6; et
une cathode,
la cathode ayant une forme analogue à une feuille,
la cathode étant empilée sur la couche d’électrolyte solide de l’élément composite couche d’électrolyte-anode.
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