Office de la Propriete Canadian CA 2898511 A1 2012/11/15

Intellectuelle Intellectual Property
du Canada Office (21) 2 898 51 1
Jn organisme An agency of 12 DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada
CANADIAN PATENT APPLICATION
13) A1
(22) Date de depot/Filing Date: 2012/02/21 (51) CLInt./Int.Cl. HOTM &/70(2006.01),
(41) Mise a la disp. pub./Open to Public Insp.: 2012/11/15 HOTM 2/20(2000.01), HOTM 8/02(2000.01)
(62) Demande originale/Original Application: 2 832 329 (71) Demandeur/Applicant:

NGK SPARK PLUG CO., LTD., JP

(72) Inventeurs/Inventors:
OHNO, TAKESHI, JP;
ISHIDA, SATORU, JP;
SUMI, HIROSHI, JP

(74) Agent: GOWLING LAFLEUR HENDERSON LLP

(30) Priornte/Priority: 2011/05/11 (JP2011-105827)

(54) Titre : PILE A COMBUSTIBLE A OXYDE SOLIDE
54) Title: SOLID OXIDE FUEL CELL

(57) Abregé/Abstract:

An object Is to provide a solid oxide fuel cell which has an increased gas utilization factor at a cathode layer or an anode layer. A
solid oxide fuel cell includes a fuel cell main body which includes a cathode layer, a solid electrolyte layer, and an anode layer and
which has a power generation function; a connector disposed to face one electrode layer of the cathode layer and the anode layer:;
a current collector which is disposed between the one electrode layer and the connector and which Is in contact with a surface of
the one electrode layer and a surface of the connector, the surfaces facing each other, to thereby electrically connect the one
electrode layer and the connector; and a groove provided Iin a portion of a surface of the one electrode layer, which surface Is

located on the side where the one electrode layer is In contact with the current collector, the portion of the surface being not Iin
contact with the current collector.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




CA 02898511 2015-07-28

ABSTRACT

An object is to provide a solid oxide fuel cell which

has an increased gas utilization factor at a cathode layer or

an anode laver. A solid oxide fuel cell includes a fuel cell
main body which includes a cathode layer, a solid electrolyte
layer, and an anode layer and which has a power generation

function; a connector disposed to face one electrode layer of

the cathode layer and the anode layer; a current collector

which is disposed between the one electrode layer and the

connector and which is in contact with a surface of the one

electrode layer and a surface of the connector, the surfaces

facing each other, to thereby electrically connect the one

electrode layer and the connector; and a groove provided 1n a

portion of a surface of the one electrode layer, which

surface is located on the side where the one electrode layer

is in contact with the current collector, the pOrtion of the

surface being not in contact with the current collector.
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DESCRIPTION

p 4
i

TITLE OF THE INVENTION: SOLID OXID

L

FULL CELL

TECHNICAL FL

[]
-
O

(0001]
The present invention relates to a solid oxide fuel

cell.

BACKGROUND ART

[0002]

ke

There has been known a solid oxide fuel cell

(hereinafter may be referred to as "SOFC" or simply "fuel

cell") in which solid oxide 1is used as electrolyte. SOFC has

a stack (fuel cell stack) formed by stacking a large number

P

of fuel cells each including a plate-shaped solid electrolyte

body and an anode and a cathode provided on opposite sides of

the solid electrolyte body. A

|

fuel gas and an oxidizing gas
(e.g., oxygen within air) are supplied to the anode and the

cathode, respectively, and are chemically reacted with each

other via the solid electrolyte body, whereby electric power
1s generated.

[0003]

Such a fuel cell includes a pair of i1nter connectors

and a fuel cell main body (a laminate of a cathode, a solid
electrolyte body, and an anode). A current collector 1s

disposed for electrical connection between the fuel cell main
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body and the 1nter connector.

[0004]

Another solid oxide fuel cell 1s disclosed (see Patent

Document 1). In the disclosed solid oxide fuel cell, the
current collector can be attached to at least one of the
anode and the cathode, and depressions and projections which

P

are engageable with depressions and projections of the

P
—

current collector are formed on at least a portion of a

F

surface of the electrode to which the current collector 1is

attached. Also, a fuel cell in which a gas diffusion layer

P

is disposed on the electrode surface of a membrane electrode

F

assembly and a surface of the gas diffusion layer in contact

with a gas flow path is roughened 1s disclosed (see Patent

Document 2).

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0005]

Patent Document 1: Japanese Patent Application Laid-Open
(kokai) No. 2009-245897
Patent Document 2: Japanese Patent Application Laid-Open

(kokai) No. 2009-283352

SUMMARY OF TH.

L]

INVENTION

PROBLEMS TO B!

SOLVED BY THE INVENTION

L]

[0006]

However, the fuel batteries disclosed in Patent
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Documents 1 and 2 can not be said to be good 1n terms of the

F
p—

ficiency of gas 1ntake from the surfaces of the cathode

)

e

layer and the anode layer. The depressions and projections

formed on the surface of the electrode 1n the fuel cell

described in Patent Document 1 are for engagement with the

current collector. The roughening of the surface of the gas

diffusion layer in the fuel cell described i1n Patent Document

2 1s performed in order to reduce the contact resistance

between the gas diffusion layer and the flow path formed by a
porous member. As described above, the depressions and
projections described in Patent Document 1 and the roughening

described in Patent Document 2 are unlikely to contribute to

an 1ncrease 1n the efficiency of gas intake from the surfaces

of the cathode layer and the anode layer.

An object of the present invention 1s to provide a

solid oxide fuel cell which has an increased gas utilization

factor at a cathode layer or an anode layer.

MEANS FOR SOLVING THE PROBLEMS

(0007

A solid oxide fuel cell according to the present

invention comprises a fuel cell main body which includes a

cathode layer, a solid electrolyte layer, and an anode layer

and which has a power generation function; a connector

disposed to face one electrode layer of the cathode layer and
the anode layer; a current collector which 1s disposed

between the one electrode layer and the connector and which
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1s in contact with a surface of the one electrode layer and a

g

surface of the connector, the surfaces facing each other, to

thereby electrically connect the one electrode layer and the
connector; and a groove provided in a portion of a surface of
the one electrode layer, which surface is located on the side
where the one electrode layer 1s in contact with the current
collector, the portion of the surface being not 1n contact
with the current collector.

(10008 ]

A groove 1s provided in a portion of a surface of one

' ol

of the cathode layer and the anode layer, which surface 1is

located on the side where the one electrode layer 1s 1n

contact with the current collector, the portion of the

surface being not in contact with the current collector.

Therefore, the contact area between a gas and a surface of
the electrode layver from which the gas diffuses into the
interior of the electrode layer can be i1ncreased. As a

and
o

result, the gas diffusibility at the electrode layer 1is

improved, whereby the gas utilization factor (gas
distributivity) 1s i1mproved.

[0009]

Preferably, the surface of the one electrode layer

which is in contact with the current collector has an

arithmetic mean roughness Ra greater than 0.3 pum.

By making the arithmetic mean roughness Ra greater than

0.3 um, the gas contact area of the electrode layer can be

ilncreased.
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[0010]

Preferably, the sur:

which 1s 1n contact with the current collector has an

"ace of the one electrode layer

arithmetic mean waviness Wa less than 0.3 pm.
‘ace of the one electrode

The flow of gas along the sur:
whereby the amount of gas supplied to

layer can be improved,
face can be increased, and the gas can

a downstream side sur:
be distributed to the entire surface of the one electrode

layer 1n an 1lmproved manner.

[0011]
formed along a direction 1n

Preferably, the groove 1s

‘uel gas flows.

[

which the oxidizing gas or the
race of the one electrode

The flow of gas along the sur:

layer from the upstream side toward the downstream side can

be improved, whereby the gas can be distributed to the entire

face of the one electrode layer in an 1lmproved manner.

SUY ]

[0012]
the current collector i1is made of a material

Preferably,
which is the same as the material of the connector such that

the current collector is united with the connector.

Since the current collector can be integrally formed by

(e.g., SUS) as that of the connector,

using the same materilal

the manufacturing process can be simplified.

[0013]
~ one

R

o

Provision of
the cathode layer and the anode layer, which sur:

a groove in a portion of a surface O:

Cface 1s

of
located on the side where the one electrode layer 1s 1n



contact with the current collector,

SUur

particularly ef:
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F

the portion of the
face being not in contact with the current collector, 1s

fective 1n the case where the current

collector is made of a dense material such as SUS. Namely,

when the gas

flowing through the gas flow path enters the

interior of the electrode layer through the surface thereof,

the gas must pass through a portion of the electrode surface

where the current collector 1s not provided.

groove 1n a sur:

By providing a

face portion with which the current collector

does not contact, a sufficiently large diffusion area can be

secured,

1 00

ce.

EFFECT OF THE INVENTION

14 ]

and gas diffusion can be promoted more effectively.

According to the present invention, a solid oxide fuel

1 which has an increased gas utilization

factor at a

cathode layer or an anode layer can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]
[FIG. 1] Perspective view of a solid oxide fuel cell 10

according to a first embodiment of the present invention.

IG. 2] Sectional view of a fuel cell 100.

IG. 3] Exploded perspective view of the fuel cell 100.

G. 4] Plan view of a fuel cell main body 140.

portion of the fuel cell main body 140.

L}

IG. 5] Partial sectional view showing a cross section of a
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[FIG. 6] View showing the sectional profile of the fuel cell

main body 140.

MODES FOR CARRYING OUT THE INVENTION

[0016]

(First embodiment)

F

An embodiment of the present invention will now be

described 1n detail with reference to the drawings.

FIG. 1 1s a perspective view of a solid oxide fuel cell

(fuel cell stack) 10 according to a first embodiment of the
present invention. The solid oxide fuel cell 10 1s an
apparatus which generates electric power when a fuel gas and

an oxidizing gas are supplied thereto.

[0017]

Examples of the fuel gas include hydrogen, hydrocarbon

serving as a reducer, a gas mixture of hydrogen and

F

hydrocarbon, a fuel gas obtained by passing one of these

gases through water at a predetermined temperature for

humidification, and a fuel gas obtained by mixing steam 1nto

F-

one of these gases. No limitation is imposed on hydrocarbon,

and examples of the hydrocarbon include natural gas, naphtha,

and gas obtained through gasification of coal. It 1s

preferred that hydrogen be used as a fuel gas. Of the above-

mentioned plurality of types of fuel gases, a fuel gas of a

single type may be used solely or fuels gases of two or more
types may be used in compbination. Also, the fuel gas may

contain an inert gas such as nitrogen or argon 1n an amount
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P

of 50 vol.% or less.

\

[0018]

gy

An example of the oxidizing gas 1s a gas mixture of

oxygen and another gas. Thils gas mixture may contain an
inert gas such as nitrogen or argon 1n an amount of 80 vol.%

or less. Of these oxidizing gases, alr (contalning nitrogen

in an amount of about 80 vol.%) 1s preferred because ailr 1s

safe and 1nexpensive.

[0019]

The solid oxide fuel cell 10 has a generally

rectangular parallelepiped shape, and has a top surface 11, a

bottom surface 12, and through-holes 21 to 28. The through-

holes 21 to 24 extend through the solid oxide fuel cell 10 at

positions near the sides of the top surface 11 and the bottom

surface 12 (near the sides of an anode frame 150 to be

described later). The through-holes 25 to 28 extend through

the solid oxide fuel cell 10 at positions near the apexes of

the top surface 11 and the bottom surfaces 12 (near the

apexes of the anode frame 150 to be described later).
Connection members (bolts 41 to 48 and nuts 51 to 58 which

serve as fasteners) are attached to the through-holes 21 to

28. Notably, the nuts 53, 54, and 57 are not illustrated for

easy understanding.

[0020]

F

Members 60 are disposed at the openings of the through-

holes 21 to 24 on the side toward the top surface 11. The

bolts 41 to 44 are passed through the through-holes of the
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members 60 (members 62) and the through-holes 21 to 24, and

the nuts 51 to 54 are screwed onto the bolts 41 to 44.

[0021]

EBEach member 60 has a member 62 and an introductlon pipe

06l. The member 62 has a generally cylindrical shape, and has

a

generally fat top surface, a generally fat bottom surface,

and a curved side surface. The 1introductilion pipe 61 has a

through-hole which extends between the top surface and the

bottom surface. The through-hole of the member 62

communicates with the through-hole of the introduction pipe

ol.

10022]

The diameter of the through-hole of the member 62 1s

approximately equal to that of the through-holes 21 to 24.

—

Since the diameter of the shafts of the bolts 41 to 44 1s

smaller than these diameters, gases (oxldizilng gas (air),

fuel gas remaining after generation of electric power,

—

ox1dizing gas remalning after generation of electric power,

and fuel gas) pass though the spaces between the wall

surfaces of the through-holes of the members ©¢2Z2 and the

shafts of the bolts 41 to 44 and spaces between the wall

surfaces of the through-holes 21 to 24 and the shafts of the

bolts 41 to 44. Namely, the oxidizing gas (air) and the fuel

gas supplied to the corresponding introduction pipes 6l flow

into the solid oxide fuel cell 10 through the through-holes

21 and 24, respectively. The oxidizing gas (alr) remalnlng

d

fter generation of electric power and the fuel gas remalining
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after generation of electric power which are discharged from

-t

the solid oxide fuel cell 10 flow out of the corresponding
introduction pipes 61 through the through-holes 23 and 22,
respectively.

10023

The solid oxide fuel cell 10 is formed by stacking a

plurality of plate-shaped fuel cells 100, which are power
generation units. The plurality of fuel cells 100 are

electrically connected 1n series.

10024 ]

FIG. 2 1s a sectional view of the fuel cell 100. FIG. 3

P
p—

1s an exploded perspective view of the fuel cell 100.

As shown 1n FIG. 2, the fuel cell 100 1s a so-called

anode-support-type fuel cell. A fuel cell main body 140 1is

disposed between upper and lower inter connectors 110(1l) and

P

110(2) made of a metal. An air flow path 101 and a fuel gas

flow path 102 are disposed between the fuel cell main body
140 and the inter connectors 110(1) and 110(2).

[0025]

The fuel cell main body 140 is formed by stacking a
cathode lavyer 141, a solid electrolyte layer 143, and an
anode layer 144.

10026]

F

Examples of the material of the cathode layer 141

include perovskite-type oxide, various noble metals, and

cermet composed of noble metal and ceramic. An example of

the perovskite-type oxide 1s LSCF (Laij-xSryCoi-yFe,O3-type

10
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complex oxide).

F

The cathode layver 141 has a thickness of, for example,

about 100 um to about 300 um; more specifically, a thickness

F

ot about 150 um.

[0027]

gr—

Examples of the material of the solid electrolyte layer

143 i1nclude YSZ (yttria-stabilized zirconia), ScSZ (scandia-

stabilized zirconia), SDC (samaria-doped ceria), GDC

(gadolinia—-doped ceria), and perovskite-based oxide.

[0028]

For example, metal such as Ni, cermet composed of a

metal such as N1 and ceramic (e.g., a mixture of N1 and ZrO;-
based ceramic (YSZ, etc.), or the like can be used as the
material of the anode layer 144. Notably, 1n the case where
the mixture of Ni and ZrO,-based ceramilic 1is used, a mixture

(N10-Z2r0,) of Ni10 and ZrO,-based ceramlc may be used as an

initial material (a material before start of operation of the

‘uel cell 100). This 1is because, since the anode layer 144

[ —

1s exposed to a reduclng atmosphere, as a result of progress

of a reduction reaction, the mixture of Ni10 and ZrO,-based

F

ceramic changes to a mixture of Ni and ZrO;-based ceramic.

[0029]

The anode layer 144 has a thickness of about 0.5 mm to

about 5 mm, preferably, about 0.7 mm to about 1.5 mm. This

1s because the anode layer 144 must serve as a support

substrate which has a sufficiently high mechanical strength,

etc. for supporting the solid electrolyte layer 143, etc.

11
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[0030]

As shown in FIGS. 2 and 3, the fuel cell 100 1includes a

glass seal portion 120, a separator 130, an anode frame 150,
a gas seal portion 160, and a current collector 181, which
are disposed between the upper and lower inter connectors
110(1) and 110(2). These components are stacked and united
together whereby the fuel cell 100 1s formed.

[0031]

Current collectors 147 are disposed between the cathode
layer 141 and the inter connector 110(1) 1n order to secure
electrical continuity therebetween. The current collector
181 1s disposed between the anode layer 144 and the inter
connector 110(2) in order to secure electrical continuity
therebetween. Current connectors 147 are disposed between
the 1nter connector 110(2) and the cathode layer (not shown)
of another fuel cell located below the fuel cell 100 so as to

secure electrical contilinuity therebetween.

[0032]

The current collectors 147 and 181 may be made of a
metal such as stainless steel (SUS). The current collectors

147 may be formed integrally with the inter connectors 110 (1)

b

and 110(2). The current collector 181 may be tormed

integrally with the inter connector 110(2). In this case, it

is preferred that the current collectors 147 and 1381 Dbe

formed of the same type of (or the same) material as that of
the inter connectors 110(1) and 110(2).

Notably, as will be described later, distal ends of the

12
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current collectors 147 are i1ntruded 1nto the cathode layer

141. However, in FIG. 2, the current collectors 147 and the

cathode layer 141 are depicted in a state in which they are

separated from each other.

1 0033]

The members which constitute the fuel cell 100 will now

pbe described 1n further detail. Notably, since the fuel cell

100 has a square planar shape, 1t 1s desired that the members

which constitute the fuel cell 100 also have square planar
shapes.

10034 ]

Each of’the inter connectors 110(1l) and 110(2) 1s a
plate member which is made of, for example, ferric stainless
steel and has a thickness of 0.3 mm to 2.0 mm. Through-holes

”

21 to 28 which are circular holes having a diameter of, for

example, 10 mm and through which the bolts 41 to 48 are

g~
o

passed are formed in an outer edge portion of each of the

inter connectors 110(1) and 110(2) at equal intervals. The

inter connectors 110(1) and 110(2) correspond to the
connector which is disposed to face one of the cathode layer

and the anode layer.

[0035]

The gas seal portion 120 is disposed on the side where
the cathode layer 141 is present. The gas seal portion 120

is a frame-shaped plate member which is made of, for example,

mica and has a thickness of 0.2 mm to 1.0 mm. Through-holes

25 to 28 through which the bolts 45 to 48 are passed are

13
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formed at the four corners thereof.
(00306}

The gas seal portion 120 has generally rectangular
through-holes 121 to 124 (100 mm (length) x 10 mm (width))
which serve as gas flow paths. The through-holes 121 to 124
are formed in edge portions extending along the four sides

thereof such that the through-holes 121 to 124 extend along

the four sides and communicate with the through-holes 21 to

24 through which the bolts 41 to 44 are passed. Namely, as

viewed 1n the stacking direction, each of the through-holes
121 to 124 contains corresponding one of the through-holes 21
to 24.
(00371

In the gas seal portion 120, four narrow, rectangular

cutouts 127 (20 mm (length) x 5 mm (width)) which serve as

gas flow paths are formed on each of right and left frame

portions of the gas seal portion 120 such that the cutouts
127 communicate with a square opening 125 at the center and
the left and right through-holes 121 and 123.

10038 ]

Notably, the cutouts 127 may be formed in the shape of
through-holes. The cutouts 127 may be grooves which are
formed on one surface of the gas seal portion 120. The
cutouts 127 can be formed by laser machining or press working.
[0039]

The cutouts 127 are disposed symmetrically with respect

to a line connecting the centers of the left and right sides.

14
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The number of the cutouts 127 is freely set, for example,

such that six or more cutouts are provided for each side.

[0040]

The separator 130 1s joined to the top surface of an

#

outer edge portion of the fuel cell main body 140 and

isolates the air flow path 101 and the fuel gas flow path 102
from each other. The separator 130 1s a frame-shaped plate
member which 1s made of, for example, ferric stainless steel
and has a thickness of 0.02 mm to 0.3 mm. The separator 130
has a square opening 135 formed at the center thereof, and

the above-mentioned fuel cell main body 140 1s joined to the

separator 130 such that the fuel cell main body 140 closes
the opening 135.

(10041]

Like the above-mentioned gas seal portion 120, the
separator 130 has through-holes 25 to 28 which have the same

shape as the through-holes 25 to 28 of the gas seal portion

-

120 and are

formed at the four corners thereof, and through-

holes 131 to 134 (serving as first gas flow paths) which have

the same shape as the through-holes 121 to 124 of the gas

seal portion 120 and extend along the four sides thereof.

10042 ]

The anode frame 150 is disposed on the side where the

fuel gas flow path 102 is present. The anode frame 150 1s a

frame-shaped plate member which has an opening 155 at the

P

center thereof, which 1s made of, for example, ferric

stalinless steel, and which has a thickness of 0.5 mm to 2.0

15
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mm. Like the separator 130, the anode frame 150 has through-

holes 25 to 28 which have the same shape as the through-holes

25 to 28 of the separator 130 and are formed at the four
corners thereof, and through-holes 151 to 154 which extend
along the four sides thereof and which serve as gas flow
praths.
[0043]

The gas seal portion 160 i1s disposed on the side where

the anode layer 144 is present. The gas seal portion 160 1s

a frame-shaped plate member which 1s made of, for example,
mica and has a thickness of 0.2 mm to 1.0 mm. Through—-holes

25 to 28 through which the bolts 45 to 48 are passed are

formed at the four corners thereof.

10044 ]

-y

The gas seal portion 160 has generally rectangular

through-holes 161 to 164 (100 mm (length) x 10 mm (width))

which serve as gas flow paths. The through-holes 161 to 164

are formed in edge portions extending along the four sides
thereof such that the through-holes 161 to 164 extend along
the four sides and communicate with the through-holes 21 to
24 through which the bolts 41 to 44 are passed.

10045]

In the gas seal portion 160, four narrow, rectangular

cutouts 167 (20 mm (length) x 5 mm (width)) which serves as

gas flow paths are formed on each of right and left frame

portions of the gas seal portion 160 such that the cutouts

107 communicate with a square opening 165 at the center and

16
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the left and right through-holes 161 and 163.

(0040]

Notably, the cutouts 167 may be formed in the shape of

through-holes. The cutouts 167 may be grooves which are

#

formed on one surface of the gas seal portion 160. The

-

cutouts 167 can be formed by laser machining or press working.

10047]

The cutouts 167 are disposed symmetrically with respect

to a line connecting the centers of the left and right sides.
The number of the cutouts 167 1s freely set, for example,

such that six or more cutouts are provided for each side.

[0048]

FIG. 4 is a plan view of the fuel cell main body 140.

I

FIG. 5 is a partial sectional view showing a cross section of

F

a portion of the fuel cell main body 140 taken along line A-

A' of FIG. 4. FIG. 6 is a view showing the sectional profile
(accurately, roughness curve) of the fuel cell main body 140

(the cathode layer 141).

Notably, in FIGS. 4 and 5, the inter connector 110(1)

is omitted for easily understanding.

10049]

As shown in FIGS. 4 and 5, recesses (grooves) 145

having a depth D1 are formed on the surface of the cathode

layer 141 of the fuel cell 100. Also, the distal ends of the

current collectors 147 are intruded into the cathode layer

141 to a depth D2 (e.g., about 5 um to about 70 um).
[0050]

17
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When the fuel cell 100 is manufactured, the cathode

layer 141 and the current collectors 147 are superimposed on

and pressed against each other, whereby the distal ends of

the current collectors 147 are intruded into the cathode

layer 141. As a results, despite the ftact that the recesses
145 are provided on the cathode layer 141, reliable
connection 1s established between the current collectors 147
and the cathode layer 141. The area of contact between the
current collectors 147 and the cathode layer 141 1ncreases,
whereby the contact resistance thereof decreases. From the

pr—

viewpolnt of enhancing the reliability of connection, 1t 1s

preferred that the depth D2 of intrusion of the current

collectors 147 be greater than the depth D1 of the recesses
145.
[0051]

The oxidizing gas 1s assumed to flow downward along the

P

surface of the cathode layer 141 from the upper side of the

sheet of FIG. 4. The recesses 145 are exposed and come 1nto

contact with the oxidizing gas. Each recess 145 extends 1in

V1)

two directions which incline in relation to the direction o:

the flow path (the vertical direction in FIG. 4)

(specifically, in directions which are inclined leftward and

rightward from the vertical direction by an angle of 45

degrees in FIG. 4). Each recess 145 has a shape and a size

different from those of the bottom portion of each current

collector 147. As will be described later, the depth D1 of

the recesses 145 is defined by the maximum cross-sectional

18
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height Rt of the roughness curve, and 1is, for example, 3 um.

10052}

Since the recesses 145 are formed on the surface of the
cathode layer 141, the surface area of the cathode layer 141
increases. Also, since the extension directions of each
recess 145 have components along the direction (vertical

r—
—

direction) of the flow path of the oxidizing gas, the

oxidizing gas 1s distributed to the entire surface of the
cathode layer 141 through the recesses 145.

Notably, the flow of the oxidizing gas along the

surface of the cathode laver 141 may be promoted by rendering

the direction of the recesses 145 coincident with the

F

direction of the flow path (in the vertical direction in FIG.

4) .
[0053]

It is preferred that the arithmetic mean roughness Ra

F

of the surface of the cathode layer 141 be 0.3 um or greater.

P

As a result of roughening of the surface of the cathode layer

141, the surface area of the cathode layer 141 can be
increased, whereby intake of the oxidizing gas 1nto the

cathode layer 141 becomes easier.

(0054 ]

It 1s preferred that the arithmetic mean waviness Wa of

the surface of the cathode layer 141 be 0.3 um or less. As a

result of reduction of the waviness (unevenness) of the

-

surface of the cathode layer 141, distribution of gas to the

entire cathode layer 141 is facilitated.

19
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[0055]
The maximum cross-sectional height Rt, the arithmetic

mean roughness Ra, and the arithmetic mean waviness Wa are

measurement values determined 1n accordance with JIS B0O601-

'O1.
[0050]

The maximum cross-sectional height Rt i1s the maximum

cross—sectional height of the roughness curve. Specifically,

as shown in FIG. 6, the maximum cross-sectional height Rt 1s

e

the sum of the maximum value of heights of peaks P of the

P

roughness curve and the maximum value of depths of valleys V

of the roughness curve within a reference length L.

The roughness curve 1s obtained as follows. A Cross-
sectional curve i1s obtained by measuring a surface using a
surface roughness tester, and low-frequency components are

removed from the cross-sectional curve through use of a high-

#F
—

pass filter (cut off value: Ac), whereby the roughness curve

1s obtailned.

[0057]

The arithmetic mean roughness Ra 1s the mean value (um)
within the reference length L which is obtained by Expression

pr—
—

f(x). Notably, the region of

(1) for a roughness curve y

the recess 145 is contained in the reference length L used

for this calculation (the region of the recess 145 1s not

excluded) .

Ra:(llL)~j0L\f(x)|dx (1)
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[0058]

The arithmetic mean waviness Wa 1s the mean value (um)

within the reference length L which is obtained by Expression

F
e

(2) for a waviness curve y = g(Xx). Notably, the region of

the recess 145 is contained in the reference length L used

P

for this calculation (the region of the recess 145 1s not

excluded) .

Wa=(@1/L)[lg®ldx  (2)

The waviness curve 1s obtained as follows. A Cross-

sectional curve is obtained by measuring a surface using a

surface roughness tester, and low-frequency and high-

frequency components are removed from the cross-sectional

"

curve through successive use of profile curve filters (cut

PF
—

off values: Af, Ac), whereby the waviness curve 1s obtained.

Notably, Expressions (1) and (2) are identical with

each other except the point that the roughness curve 1s used

in Expression (1) and the waviness curve is used 1n
Expression (2).
[0059]

A method of manufacturing the fuel cell main body 140

wlill be described.
A green sheet containing the material (YSZ, etc.) of
the solid electrolyte layer 143 is fired, whereby a sintered

body (the solid electrolyte layer 143) 1s obtained.

The recesses 145 can be formed on the cathode layer 141

P

by one of the following three methods (1) to (3).
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[00060]

b

formation

(1) Formation of the recesses 145 at the time of

P

of a layer of the material of the cathode layer 141: The

material (e.g., LSCF paste) of the cathode layer 141 1s

screen-printed on the solid electrolyte layer 143, and 1s

fired.

—

In this case, the formation of the layer of the

material of the cathode layer 141, the formation of the

recesses 145, the roughening of the surface are performed

simultaneously. The formation of the recesses 145 on the

—

surface of the cathode layer 141 and the roughening of the

surface are achieved by a screen mesh used for screen
printing.

[0061]

(2) Formation of the recesses 145 before firing of a layer

r—
p—

of the material of the cathode layer 141: A layer of the

material of the cathode layer 141 is formed on the surface ot

r—

the solid electrolyte layer 143. The formation of the layer

is performed by printing (screen printing, stamp printing,

intaglio printing, offset printing) or bonding of a sheet

containing the material of the cathode layer 141. After that,

P

formation of the recesses 145 on the surface of the cathode

r—

layer 141 and the roughening of the surface are performead by

means of embossing or the like. Further, the material of the

cathode layer 141 is fired, whereby the cathode layer 141 1s

formed.

(00062 ]
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- the recesses 145 after firing of a layer of

(3) Formation o:

- the cathode layer 141: After the material of

the material o:

face of the cathode

the cathode layer 141 1s sintered, the sur:

layer 141 1s treated by embossing, sand blasting, or the like.

Notably, when sand blasting 1s performed, a die having

c the cathode

openings 1s used so as to sand-blast portions o:

layer 141 exposed from the openings, whereby the recesses 145

corresponding to the openings are formed.

[00063]

In the above-described embodiment, the material (green

sheet) of the solid electrolyte layer 143 1s fired, whereby

the solid electrolyte layer 143 (sintered body) 1s formed.

After that, the layer of the material of the cathode layer

141 1s formed. However, the solid electrolyte layer 143 and

the cathode layer 141 may be laminated and fired

simultaneously.

Notably, formation (formation and firing of the layer)

OX

- the anode layer 144 may be performed before, atfter,

| I_—

O

simultaneously with formation (formation and firing of the

layer) of the cathode layer 141.

10004 ]

(Second embodiment)

In the first embodiment, the recesses 145 are provided

on the cathode layer 141, whereby the cathode layer 141 1is

roughened. However, recesses may be provided on the anode

layer 144, whereby the anode layer 144 is roughened. This

will be referred to as a second embodiment.
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10005]

In the second embodiment, recesses having a depth D1

are formed on the surface of the anode layer 144 of the fuel

cell 100 at positions corresponding to those shown 1n FIGS. 4
and 5. Also, the current collector 181 1s pressed against
the anode layer 144. For the reason which will be described

later, the distal end of the current collector 181 1s not

intruded into the anode layer 144 unlike the case of the

first embodiment.

[0066]

When the fuel cell 100 1s manufactured, the anode layer
144 and the current collector 181 are superimposed on and
pressed against each other, whereby the current collector 181
1s pressed against the anode layer 144. As a result,
despite the fact that the recesses are provided on the anode

layer 144, reliable connection 1is established between the

current collector 181 and the anode layer 144.

[0067]

In the first embodiment, as a result of pressing, the

distal ends of the current collectors 147 are intruded 1nto
the cathode layer 141. However, in the present embodiment,
the strength of the anode layer 144 is greater than that of

the cathode layer 141. Therefore, even when the current

collector 181 is pressed, only the current collector 147

deforms (the distal end of the current collector 181 1s not
intruded into the anode layer 144).

[0068]
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As in the case of the recesses 145 of the cathode layer

141, the depth D1 of the recesses of the anode layer 144 1is

defined by the maximum cross-sectional height Rt of the

roughness curve, and 1s for example, 3 um.

[00069]

— p=-
pr——

As result of formation of

e

the recesses on the surface

ﬁ

of the anode layer 144, the surface area of the anode layer

144 increases, and the fuel gas is distributed to the entire

surface of the anode layer 144.

[0070]

It 1s preferred that the arithmetic mean roughness Ra

- i

of the surface of the anode layer 144 be 0.3 pum or greater.

In this case, intake of the fuel gas into the anode layer 144

1s facilitated.

10071 ]

It is preferred that the arithmetic mean waviness Wa of

g

the surface of the anode layer 144 be 0.3 pm or less. In

P

this case, distribution of gas to the entire anode layer 144

1s facilitated.

10072

A method of manufacturing the fuel cell main body 140

according to the second embodiment will be described.

A green sheet containing the material (YSZ, etc.) of
the solid electrolyte layer 143 is fired, whereby a sintered
body 1s obtained.

The recesses can be formed on the anode layer 144 by

one of the following three methods (1) to (3).
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[0073]

P

(1) Formation of the recesses at the time of formation of a

layer of the material of the anode layer 144: The material

g

(e.g., N10-Zr0O, paste) of the anode layer 144 1s screen-

printed on the solid electrolyte layer 143, and 1s fired.

F

In this case, the formation of the layer of the

material of the anode layer 144, the formation of the

recesses 145, the roughening of the surface are performed

simultaneously. The formation of the recesses on the surface

pr—

of the anode layer 144 and the roughening of the surface are

achieved by a screen mesh used for screen printing.

[0074]

ﬁ P

(2) Formation of the recesses before firing of a layer of

P

the material of the anode layer 144: A layer of the material

of the anode layer 144 1s formed on the surface of the solid

ity

electrolyte layer 143. The formation of the layer 1s

performed by printing (screen printing, stamp printing,

intaglio printing, offset printing) or bonding of a sheet

contalinling the material of the anode layer 144. After that,

—

formation of the recesses on the surface of the anode layer

144 and the roughening of the surface are performed by means

g

of embossing or the like. Further, the material of the anode

layer 144 is fired, whereby the anode layer 144 1s formed.

[0075]

fr—

(3) Formation of the recesses after firing of a layer of the

material of the anode layer 144: After the material of the

P

anode layer 144 1s sintered, the surface of the anode layer
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144 1s treated by embossing, sand blasting, or the like.

Notably, when sand blasting 1s performed, a die having

openings 1s used so as to sand-blast portions of the anode

layer 144 exposed from the openings, whereby the recesses

corresponding to the openings are formed.

10076]

In the above-described embodiment, the material (green

sheet) of the solid electrolyte layer 143 1s fired, whereby

the solid electrolyte layer 143 (sintered body) 1s formed.

After that, the layer of the material of the anode layer 144

1s formed. However, the solid electrolyte layer 143 and the

anode layer 144 may be laminated and fired simultaneously.

P

Notably, formation (formation and firing of the layer)

of the cathode layer 141 may be performed before, after, or

P

simultaneously with formation (formation and firing of the

layer) of the anode lavyer 144.

[0077]
(Third embodiment)

Recesses are provided on the cathode layer 141 in the

first embodiment, and are provided on the anode layer 144 1in

the second embodiment. However, recesses may be provided on

poth of the cathode layer 141 and the anode layer 144,

whereby both of the cathode layer 141 and the anode layer 144

are roughened. This facilitates distribution of gas on both

P

of the cathode layer 141 and the anode layer 144.

[0078]

Recesses can be formed on both of the cathode layer 141
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and the anode layer 144 by properly combining the methods (1)

-

to (3) shown in the first embodiment and the methods (1) to

(3) shown 1n the second embodiment. Formation (firing of the

green sheet) of the cathode layer 141 and formation (firing

of the green sheet) of the anode layer 144 may be performed

simultaneously or may be performed such that formation of one

layer 1s performed before formation of the other layer.

[0079]
(Other embodiments)
The embodiments of the present invention are not

limited to the above-described embodiments, and can be

expanded or modified. Such expanded or modified embodiments

fall within the technical scope of the present invention.

DESCRIPTION OF SYMBOLS

[0080]

10: solid oxide fuel cell
11: top surface

12: Dbottom surface
21-28: through-hole
41-48: bolt

51-58: nut

60: member

ol: i1ntroduction pipe
62: member

02: memper

100: fuel cell
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101: air flow path
102: fuel gas path
110: inter connector
120: gas seal portion
121-124: through-hole
125: opening

127: cutout

130: separator
131-134: through-hole
135: opening

140: fuel cell main body
141: cathode layer
143: solid electrolyte layer
144: anode lavyer

145: recess

1477: current collector
150: anode frame
151-154: through-hole
155: opening

160: gas seal portion
1061-164: through-hole
165: opening

167: cutout

181: current collector
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What 1s claimed 1is:

1. A solid oxide fuel cell comprising:

a fuel cell main body which includes a cathode layer, a

solid electrolyte layer, and an anode layer and which has a

power generation function;

a connector disposed to face one electrode layer of the
cathode layer and the anode layer;

a current collector which is disposed between the one
electrode layer and the connector and which is 1n contact

with a surface of the one electrode layer and a surface of

the connector, the surfaces facing each other, to thereby

electrically connect the one electrode layer and the

connector; and

a groove provided in a portion of a surface of the one
electrode layer, which surface is located on the side where

the one electrode layer is in contact with the current

collector, the portion of the surface being not 1in contact
with the current collector,

wherein the groove extends in two directions which are

inclined in relation to a direction of a flow path of an

H

oxidizing gas supplied to the cathode layer or a direction of

a flow path of a fuel gas supplied to the anode layer.

2 . A solid oxide fuel cell according to claim 1, whereiln

ﬁ

the surface of the one electrode layer which i1s in contact
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with the current collector has an arithmetic mean roughness

Ra greater than 0.3 um.

3. A solid oxide fuel cell according to elther one of

claims 1 and 2, wherein the surface of the one electrode

layer which is in contact with the current collector has an

arithmetic mean waviness Wa less than 0.3 um.

4, A solid oxide fuel cell according to any one of claims

F

1 to 3, wherein the current collector is made of a material

which 1s the same as the material of the connector such that

the current collector 1s united with the connector.

5. A solid oxide fuel cell according to any one of claims

1 to 4, wherein the two extending directions of the groove

have inclination angles of +45° in relation to the direction

of the flow path of the oxidizing gas or the fuel gas.
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