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Description

Technical Field

[0001] The present invention relates to a fuel cell
formed by stacking electrolyte electrode assemblies be-
tween separators. Each of the electrolyte electrode as-
semblies includes an anode, a cathode, and an electro-
lyte interposed between the anode and the cathode. Fur-
ther, the present invention relates to a fuel cell stack
formed by stacking a plurality of the fuel cells.

Background Art

[0002] Typically, a solid oxide fuel cell (SOFC) employs
an electrolyte of ion-conductive solid oxide such as sta-
bilized zirconia. The electrolyte is interposed between an
anode and a cathode to form an electrolyte electrode
assembly (MEA). The electrolyte electrode assembly is
interposed between separators (bipolar plates). In use,
generally, predetermined numbers of the electrolyte
electrode assemblies and the separators are stacked to-
gether to form a fuel cell stack.
[0003] In the fuel cell of this type, Japanese Laid-Open
Patent Publication No. 2004-235060 discloses a fuel cell
having an object of achieving the uniform gas flow distri-
bution of the air and fuel supplied to the cells, and uniform
distribution of the heat or stress generated in the cells.
[0004] In the conventional technique, as shown in FIG.
18, a cell forming plate 1a is provided. At the axial center
of a solid electrolyte substrate 2a, a ring shaped member
4a having a central through hole 3a is provided. A gas
channel 6a having a plurality of peripheral through holes
5a around the central through holes 3a is formed. Ac-
cording to the disclosure, in the structure, the tempera-
ture difference between the outer circumferential region
and the central region of the cell is reduced, and the heat
stress in the overall cell can be reduced.
[0005] Further, in a solid oxide fuel cell disclosed in
Japanese Laid-Open Patent Publication No.
2006-302749, as shown in FIG. 19, a porous current col-
lector 3b is provided in a space formed between the sep-
arators 1b, 2b. Gases are supplied into, and discharged
from the space through gas inlet holes 4b, 5b and gas
discharge holes 6b, 7b. The gas inlet hole 4b and gas
discharge hole 6b are formed in the separator 1b, and
the gas inlet hole 5b and gas discharge hole 7b are
formed in the separator 2b. In the porous current collector
3b, a compression band 8b is provided, and the com-
pression band 8b is joined to the separator 2b.
[0006] According to the disclosure, in the structure, re-
duction in the thickness of the separator, and improve-
ment in the strength of the separator are achieved, and
positional deviation of the porous current collector from
the separator due to vibration or impact can be prevented.
[0007] Further, in Japanese Laid-Open Patent Publi-
cation No. 2004-235060, since each cell forming plate
1a comprises one electrolyte electrode assembly, if any

power generation failure occurs in one of the power gen-
eration cells, the failure causes malfunction in power gen-
eration of the entire fuel cell. Therefore, power generation
cannot be performed efficiently.
[0008] Further, since the cell forming plate 1a has a
ring shape having the central through hole 3a, the elec-
trolyte electrode assembly also has a ring shape. There-
fore, the electrolyte electrode assembly tends to be dam-
aged or cracked easily. Further, it is not possible to sup-
press radiation of heat generated in the power genera-
tion, and heat efficiency is lowered.
[0009] Further, in the case of applying the load to the
cells in the stacking direction by putting a priority on the
sealing performance, the load is directly applied to the
electrolyte electrode assembly. By the excessive load
applied to the electrolyte electrode assembly, the elec-
trolyte electrode assembly may be damaged or cracked
undesirably.
[0010] Further, in Japanese Laid-Open Patent Publi-
cation No. 2006-302749, one electrolyte electrode as-
sembly is sandwiched between the separators 1b, 2b. In
the structure, if any power generation failure occurs in
one of the power generation cells, the failure causes mal-
function in power generation of the entire fuel cell. There-
fore, power generation cannot be performed efficiently.
[0011] Further, the electrolyte electrode assembly has
a ring shape, and thus, the electrolyte electrode assem-
bly tends to be damaged or cracked easily. Further, it is
not possible to suppress radiation of heat generated in
the power generation, and heat efficiency is lowered.
[0012] Further, in the case of applying the load to the
cells in the stacking direction by putting a priority on the
sealing performance, the load is directly applied to the
electrolyte electrode assembly. By the excessive load
applied to the electrolyte electrode assembly, the elec-
trolyte electrode assembly may be damaged or cracked
undesirably.
[0013] WO 2006/049308 A, on which the preamble of
claim 1 is based, discloses a solid oxide fuel cell stack
formed by stacking a plurality of fuel cell comprising elec-
trolyte electrode assemblies between separators. The
electrolyte electrode assemblies each includes an an-
ode, a cathode, and an electrolyte interposed between
the anode and the cathode. Each of the separators com-
prises: sandwiching sections sandwiching the electrolyte
electrode assemblies. Each of the sandwiching sections
has a fuel gas channel for supplying a fuel gas along an
electrode surface of the anode and an oxygen-containing
gas channels for supplying an oxygen-containing gas
along an electrode surface of the cathode separately;
bridges connected to the sandwiching sections. Each of
the bridges has a reactant gas supply channel for sup-
plying the fuel gas to the fuel gas channels or supplying
the oxygen-containing gas to the oxygen-containing gas
channel; a first reactant gas supply section connected to
the bridges. A reactant gas supply passage extending
through the first reactant gas supply section in a stacking
direction for supplying the fuel gas or the oxygen-con-
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taining gas to the reactant gas supply channel. The first
reactant gas supply section is provided at the center of
the separator; a second reactant gas supply section for
allowing the oxygen-containing gas or the fuel gas to the
flow in the stacking direction, and supplying the oxygen-
containing gas to the oxygen-containing gas channel or
supplying the fuel gas to the fuel gas channel; and a baffle
plate provided between adjacent sandwiching sections,
for rectifying the flow of the oxygen-containing gas flow-
ing through the oxygen gas channel along a surface of
the electrolyte electrode assembly from at least the sec-
ond reactant gas supply section. The electrolyte elec-
trode assemblies are arranged concentrically around the
first reactant gas supply section, and the baffle plate ex-
tends in the stacking direction. One end of the baffle plate
along part of the sandwiching section is provided near
joint portions between the sandwiching sections and the
bridges. The bridges extend radially outwardly from the
first reactant gas supply section, and are spaced from
each other at equal angular intervals. The number of the
sandwiching sections, and the number of the bridges cor-
respond to the number of the electrolyte projections
which protrude on a side of gas channel the contact the
anode. There is no indication about the rectifier member
material.
[0014] EP-A-0 706 229 discloses to use electrically and
insulating material for connecting and contacting a plu-
rality of electrolyte electrode assemblies.

Disclosure of Invention

[0015] The present invention has been made to solve
the problem of this type, and an object of the present
invention is to provide a fuel cell and a fuel cell stack
which make it possible to optimize distribution of an ox-
ygen-containing gas supplied to cathodes and distribu-
tion of a fuel gas supplied to anodes and to prevent dam-
ages or like in electrolyte electrode assemblies, while
suppressing radiation of heat generated in power gener-
ation so as to improve heat efficiency and facilitate ther-
mally self-sustained operation.
[0016] The present invention relates to a solid oxide
fuel cell in accordance with claim 1.
[0017] Each of the electrolyte electrode assemblies in-
cludes an anode, a cathode, and an electrolyte inter-
posed between the anode and the cathode.
[0018] Each of the separators includes sandwiching
sections, bridges, a first reactant gas supply section, a
second reactant gas supply section, and a flow rectifier
plate. The sandwiching sections sandwich the electrolyte
electrode assemblies. Each of the sandwiching sections
has a fuel gas channel for supplying a fuel gas along an
electrode surface of the anode and an oxygen-containing
gas channel for supplying an oxygen-containing gas
along an electrode surface of the cathode separately.
The bridges are connected to the sandwiching sections.
Each of the bridges has a reactant gas supply channel
for supplying the fuel gas to the fuel gas channel or sup-

plying the oxygen-containing gas to the oxygen-contain-
ing gas channel. The first reactant gas supply section is
connected to the bridges. A reactant gas supply passage
extends through the first reactant gas supply section in
a stacking direction for supplying the fuel gas or the ox-
ygen-containing gas to the reactant gas supply channel.
The first reactant gas supply section is provided at the
center of the separator. The second reactant gas supply
section allows the oxygen-containing gas or the fuel gas
to flow in the stacking direction, and supplies the oxygen-
containing gas to the oxygen-containing gas channel or
supplies the fuel gas to the fuel gas channel. The flow
rectifier plate is provided between adjacent sandwiching
sections, for rectifying the flow of the oxygen-containing
gas flowing through the oxygen-containing gas channel
or the fuel gas flowing through the fuel gas channel, along
a surface of the electrolyte electrode assembly from at
least the second reactant gas supply section.
[0019] The electrolyte electrode assemblies are ar-
ranged concentrically around the first reactant gas supply
section, and the flow rectifier plate is provided along part
of an outer circumferential portion of the sandwiching
section and part of a circumscribed circle of the separator.
[0020] Further, the present invention relates to a fuel
cell stack in accordance with claim 12. Each of the fuel
cells is formed by stacking electrolyte electrode assem-
blies between separators.
[0021] Each of the electrolyte electrode assemblies in-
cludes an anode; a cathode, and an electrolyte inter-
posed between the anode and the cathode. Each of the
separators includes sandwiching sections, bridges, a first
reactant gas supply section, a second reactant gas sup-
ply section, and a flow rectifier member. The sandwiching
sections sandwich the electrolyte electrode assemblies.
Each of the sandwiching sections has a fuel gas channel
for supplying a fuel gas along an electrode surface of the
anode and an oxygen-containing gas channel for sup-
plying an oxygen-containing gas along an electrode sur-
face of the cathode separately. The bridges are connect-
ed to the sandwiching sections. Each of the bridges has
a reactant gas supply channel for supplying the fuel gas
to the fuel gas channel or supplying the oxygen-contain-
ing gas to the oxygen-containing gas channel. The first
reactant gas supply section is connected to the bridges.
A reactant gas supply passage extends through the first
reactant gas supply section in the stacking direction for
supplying the fuel gas or the oxygen-containing gas to
the reactant gas supply channel. The first reactant gas
supply section is provided at the center of the separator.
The second reactant gas supply section allows the oxy-
gen-containing gas or the fuel gas to flow in the stacking
direction, and supplies the oxygen-containing gas to the
oxygen-containing gas channel or supplies the fuel gas
to the fuel gas channel. The flow rectifier plate is provided
between adjacent sandwiching sections, for rectifying the
flow of the oxygen-containing gas flowing through the
oxygen-containing gas channel or the fuel gas flowing
through the fuel gas channel, along a surface of the elec-
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trolyte electrode assembly from at least the second re-
actant gas supply section.
[0022] The electrolyte electrode assemblies are ar-
ranged concentrically around the first reactant gas supply
section, is provided and the flow rectifier plate is provided
along part of an outer circumferential portion of the sand-
wiching section and part of a circumscribed circle of the
separator.
[0023] In the present invention, since the electrolyte
electrode assemblies are arranged concentrically around
the first reactant gas supply section, the reactant gases
supplied to the fuel cells or the fuel cell stack are suitably
heated by heat generated in the power generation. Thus,
it is possible to improve the heat efficiency and facilitate
the thermally self-sustained operation of the fuel cells or
the fuel cell stack. Thermally-self sustained operation
herein means operation where the operating tempera-
ture of the fuel cells or the fuel cell stack is maintained
using only heat energy generated in the fuel cells or the
fuel cells stack, without supplying additional heat from
the outside.
[0024] Further, it is possible to distribute reactant gas-
es from the first reactant gas supply section to the elec-
trolyte electrode assemblies arranged concentrically
around the first reactant gas supply section. Thus, im-
provement and stability in the power generation perform-
ance are easily achieved in each of the electrolyte elec-
trode assemblies.
[0025] Further, in each space between the adjacent
sandwiching sections; the flow rectifier plate for rectifying
the flow of the oxygen-containing gas flowing through the
oxygen-containing gas channel or the fuel gas flowing
through the fuel gas channel, along the electrode surface,
at least from the second reactant gas supply section is
provided. In the structure, the oxygen-containing gas or
the fuel gas is supplied locally to the portion of each elec-
trolyte electrode assembly where the supply of the oxy-
gen-containing gas or the fuel gas is required.
[0026] For example, when the oxygen-containing gas
is supplied to the second reactant gas supply section,
the distribution of the oxygen-containing gas supplied to
the electrode surface of the cathode is optimized for the
distribution of the fuel gas supplied to the electrode sur-
face of the anode. Therefore, it is possible to prevent
depletion of the oxygen-containing gas, and to lower the
ratio of the air to the fuel gas (A/F), thereby lowering the
output of the oxygen-containing gas supply apparatus,
and reducing the size of the oxygen-containing gas sup-
ply apparatus. Further, since the flow rectifier plate is
provided outside the sandwiching section, the flow rec-
tifier plate does not affect current collection by the sand-
wiching section.
[0027] Further, the flow rectifier plate is provided along
part of the outer circumferential portion of the sandwich-
ing section and part of the circumscribed circle of the
separator. In the structure, the amount of the oxy-
gen-containing gas or the fuel gas flowing from the sec-
ond oxygen-containing gas supply section to the outside

of the sandwiching section is regulated. The flow rectifier
plate does not protrude from the circumscribed circle of
the separator. Thus, the overall size of the fuel cell can
be reduced easily. Further, radiation of heat generated
in the electrolyte electrode assemblies to the outside of
the sandwiching sections is suppressed. Thus, it is pos-
sible to improve heat efficiency, and facilitate thermally
self-sustained operation.
[0028] The above and other objects, features and ad-
vantages of the present invention will become more ap-
parent from the following description when taken in con-
junction with the accompanying drawings in which pre-
ferred embodiments of the present invention are shown
by way of illustrative example.

Brief Description of Drawings

[0029]

FIG. 1 is a perspective view schematically showing
a fuel cell stack formed by stacking fuel cells accord-
ing to a first embodiment of the present invention;
FIG. 2 is a cross sectional view showing the fuel cell
stack taken along a line II-II in FIG. 1;
FIG. 3 is an exploded perspective view showing the
fuel cell;
FIG. 4 is a partial exploded perspective view showing
gas flows in the fuel cell;
FIG. 5 is a plan view showing a separator of the fuel
cell;
FIG. 6 is a cross sectional view schematically show-
ing operation of the fuel cell;
FIG. 7 is a view showing an electrolyte electrode
assembly and a circumferential angle of a flow rec-
tifier member;
FIG. 8 is a graph showing the relationship between
the circumferential angle and the cross-sectional
flow velocity of an oxygen-containing gas;
FIG. 9 is a front view showing a fuel cell according
to a second embodiment of the present invention;
FIG. 10 is an exploded perspective view showing a
fuel cell according to a third embodiment of the
present invention;
FIG. 11 is a cross sectional view schematically show-
ing operation of the fuel cell;
FIG. 12 is an exploded perspective view showing a
fuel cell according to a fourth embodiment;
FIG. 13 is a partial exploded perspective view show-
ing gas flows in the fuel cell;
FIG. 14 is a cross sectional view schematically show-
ing operation of the fuel cell;
FIG. 15 is an exploded perspective view showing a
fuel cell according to a fifth embodiment of the
present invention;
FIG. 16 is a partial exploded view showing gas flows
in the fuel cell;
FIG. 17 is a cross sectional view schematically show-
ing operation of the fuel cell;
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FIG. 18 is a view showing a cell forming plate of a
fuel cell disclosed in Japanese Laid-Open Patent
Publication No. 2004-235060; and
FIG. 19 is an exploded perspective view showing
operation of a solid oxide fuel cell disclosed in Jap-
anese Laid-Open Patent Publication No.
2006-302749.

Best Mode for Carrying Out the Invention

[0030] FIG. 1 is a perspective view schematically
showing a fuel cell stack 12 formed by stacking fuel cells
10 according to a first embodiment of the present inven-
tion in a direction indicated by an arrow A. FIG. 2 is a
cross sectional view showing the fuel cell stack 12 taken
along a line II-II in FIG. 1.
[0031] The fuel cell 10 is a solid oxide fuel cell (SOFC)
used in various applications, including stationary and mo-
bile applications. For example, the fuel cell 10 is mounted
on a vehicle. As shown in FIGS. 3 and 4, the fuel cell 10
includes electrolyte electrode assemblies (MEAs) 26.
Each of the electrolyte electrode assemblies 26 includes
a cathode 22, an anode 24, and an electrolyte (electrolyte
plate) 20 interposed between the cathode 22 and the
anode 24. For example, the electrolyte 20 is made of
ion-conductive solid oxide such as stabilized zirconia.
The electrolyte electrode assembly 26 has a circular disk
shape. A barrier layer (not shown) is provided at least at
the outer circumferential edge of the electrolyte electrode
assembly 26 for preventing entry or discharge of the ox-
ygen-containing gas and the fuel gas.
[0032] The fuel cell 10 is formed by sandwiching four
electrolyte electrode assemblies 26 between a pair of
separators 28. The four electrolyte electrode assemblies
26 are provided concentrically around a fuel gas supply
passage (reactant gas supply passage) 30 extending
through the center of the separators 28.
[0033] As shown in FIG. 3, each of the separators 28
includes, e.g., one metal plate of stainless alloy etc., or
a carbon plate. A fuel gas supply section (first reactant
gas supply section) 32 is formed at the center of the sep-
arator 28, and the fuel gas supply passage 30 extends
through the fuel gas supply section 32. Four first bridges
34 extend radially outwardly from the fuel gas supply sec-
tion 32 at equal intervals, e.g., 90°. The fuel gas supply
section 32 is integral with sandwiching sections 36 each
having a relatively large diameter, through the first bridg-
es 34. The centers of sandwiching sections 36 are equally
distanced from the center of the fuel gas supply section
32.
[0034] Each of the sandwiching sections 36 has a cir-
cular disk shape, having substantially the same dimen-
sions as the electrolyte electrode assembly 26. The sand-
wiching sections 36 are separated from each other. A
fuel gas inlet 38 for supplying the fuel gas is formed at
the center of the sandwiching section 36, or at an up-
stream position deviated from the center of the sandwich-
ing section 36 in the flow direction of the oxygen-contain-

ing gas.
[0035] Each of the sandwiching sections 36 has a fuel
gas channel 40 on a surface 36a which contacts the an-
ode 24, for supplying a fuel gas along an electrode sur-
face of the anode 24. Further, a fuel gas discharge chan-
nel 42 for discharging the fuel gas consumed in the fuel
gas channel 40 and a circular arc wall (detour channel
forming wall) 44 forming a detour path to prevent the fuel
gas from flowing straight from the fuel gas inlet 38 to the
fuel gas discharge channel 42 are provided on the sur-
face 36a of the sandwiching section 36.
[0036] The circular arc wall 44 has a substantially
horseshoe shape. The fuel gas inlet 38 is provided on a
distal end side inside the circular arc wall 44, and the fuel
gas discharge channel 42 is provided on a proximal end
side of the circular arc wall 44, near the first bridge 34.
On the surface 36a, a circumferential protrusion 46 and
a plurality of projections 48 are provided. The circumfer-
ential protrusion 46 protrudes on a side of the fuel gas
channel 40, and contacts the outer edge of the anode
24, and the projections 48 contact the anode 24.
[0037] The protrusion 46 has a substantially ring shape
with partial cutaway at a position corresponding to the
fuel gas discharge channel 42. The projections 48 are
made of solid portions formed by, e.g., etching, or hollow
portions formed by press forming.
[0038] As shown in FIGS. 5 and 6, each of the sand-
wiching sections 36 has a substantially planar surface
36b which contacts the cathode 22. A plate 50 having a
circular disk shape is fixed to the surface 36b, e.g., by
brazing, diffusion bonding, laser welding, or the like. A
plurality of projections 52 are provided on the plate 50,
e.g., by press forming. By the projections 52, an oxygen-
containing gas channel 54 for supplying an oxygen-con-
taining gas along an electrode surface of the cathode 22
is formed. The projections 52 function as a current col-
lector.
[0039] Extensions 56 extend from the outer circumfer-
ential positions of the sandwiching sections 36. The ex-
tensions 56 are used for collecting and measuring elec-
trical energy generated in the fuel cells 10, positioning
the fuel cells 10 to the separators 28, and detecting the
number of fuel cells 10 (see FIGS. 3 to 5).
[0040] As shown in FIG. 3, a channel member 60 is
fixed to a surface of the separator 28 facing the cathode
22, e.g., by brazing, diffusion bonding, or laser welding.
The channel member 60 has a planar shape. The fuel
gas supply passage 30 extends through a fuel gas supply
section 62 at the center of the channel member 60. A
predetermined number of reinforcement bosses 63 are
formed in the fuel gas supply section 62.
[0041] Four second bridges 64 extend radially from the
fuel gas supply section 62. Each of the second bridges
64 is fixed to the separator 28 from the first bridge 34 to
the surface 36b of the sandwiching section 36 to cover
the fuel gas inlet 38 (see FIG. 6).
[0042] From the fuel gas supply section 62 to the sec-
ond bridge 64, a fuel gas supply channel (reactant gas
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supply channel) 66 connecting the fuel gas supply pas-
sage 30 to the fuel gas inlet 38 is formed. For example,
the fuel gas supply channel 66 is formed by, e.g., etching.
[0043] As shown in FIG. 6, the oxygen-containing gas
channel 54 is connected to the oxygen-containing gas
supply passage (second reactant gas supply section) 68
for supplying the oxygen-containing gas from a space
between an inner circumferential edge of the electrolyte
electrode assembly 26 and an inner circumferential edge
of the sandwiching section 36 in a direction indicated by
an arrow B. The oxygen-containing gas supply passage
68 extends inside the sandwiching sections 36 in the
stacking direction indicated by the arrow A, between the
respective first bridges 34.
[0044] An insulating seal 70 for sealing the fuel gas
supply passage 30 is provided between the separators
28. For example, crustal component material such as
mica material and ceramic material, glass material, and
composite material of clay and plastic may be used for
the insulating seal 70. The insulating seal 70 seals the
fuel gas supply passage 30 from the electrolyte electrode
assemblies 26. An exhaust gas channel 72 is provided
outside (around) the sandwiching sections 36 of the fuel
cells 10.
[0045] A flow rectifier member 74 is provided in each
space between the adjacent sandwiching sections 36 for
rectifying the flow of the oxygen-containing gas supplied
from the oxygen-containing gas supply passage 68, and
flowing through the oxygen-containing gas channel 54
along the surface of each electrolyte electrode assembly
26 and rectifying the flow of the fuel gas flowing in the
fuel gas channel 40 along the surface of each electrolyte
electrode assembly 26. The flow rectifier member 74 is
a plate having a substantially fan shape. A predetermined
number of the flow rectifier members 74 are stacked in
the direction indicated by the arrow A. The number of the
flow rectifier members 74 in a plan view is four, corre-
sponding to positions between the sandwiching sections
36.
[0046] The flow rectifier member 74 is formed by join-
ing an electrically insulating member of, e.g., mica ma-
terial, with silicone resin. The flow rectifier member 74 is
provided along part of the outer edge of the sandwiching
section 36 and part of the circumscribed circle of the sep-
arator 28. One end 76 of the flow rectifier member 74
along the part of the sandwiching section 36 is provided
near the joint positions between the sandwiching sec-
tions 36 and the first bridges 34, and an outer circumfer-
ential portion 78 as the other end of the flow rectifier mem-
ber 74 form part of the circumscribed circle of the sepa-
rator 28.
[0047] The one end 76 of the flow rectifier member 74
includes a cutout 80 which is cut in a direction away from
the oxygen-containing gas supply passage 68 and the
fuel gas supply passage 30. Circular arc portions 82 re-
spectively corresponding to the outer shapes of the sand-
wiching sections 36 are formed on both sides of the flow
rectifier member 74.

[0048] As shown in FIG. 5, a space L1 between the
adjacent flow rectifier members 74 on a side of the joint
portions between the sandwiching sections 36 and the
first bridges 34 (at the one end 76) is larger than a space
L2 between the adjacent flow rectifier members 74 on a
side of the circumscribed circle of the separator 28 (at
the outer circumferential portion 78) (L1 > L2).
[0049] As shown in FIGS. 1 and 2, the fuel cell stack
12 includes a first end plate 84a having a substantially
circular disk shape at one end in the stacking direction
of the fuel cells 10. Further, the fuel cell stack 12 includes
a plurality of second end plates 84b and a fixing ring 84c
at the other end in the stacking direction of the fuel cells
10, through a partition wall 85. Each of the end plates
84b has a small diameter, and a substantially circular
shape, and the fixing ring 84c has a large diameter, and
a substantially ring shape. The partition wall 85 prevents
diffusion of the exhaust gas to the outside of the fuel cells
10. The number of second end plates 84b is four, corre-
sponding to the positions of stacking the electrolyte elec-
trode assemblies 26.
[0050] The first end plate 84a and the fixing ring 84c
include a plurality of holes 86. Bolts 88 are inserted into
the holes 86 and bolt insertion collar members 87, and
screwed into nuts 90. By the bolts 88 and the nuts 90,
the first end plate 84a and the fixing ring 84c are fixedly
tightened together.
[0051] One fuel gas supply pipe 92, a casing 93, and
one oxygen-containing gas supply pipe 94 are provided
at the first end plate 84a. The fuel gas supply pipe 92 is
connected to the fuel gas supply passage 30. The casing
93 has a cavity 93a connected to the respective oxygen-
containing gas supply passages 68. The oxygen-contain-
ing gas supply pipe 94 is connected to the casing 93, and
to the cavity 93a.
[0052] A support plate 102 is fixed to the first end plate
84a through a plurality of bolts 88, nuts 98a, 98b, and
plate collar members 100. A first load applying unit 104
for applying a tightening load to the fuel gas supply sec-
tions 32, 62, and second load applying units 108 for ap-
plying a tightening load to each of the electrolyte elec-
trode assemblies 26 are provided between the support
plate 102 and the first end plate 84a. The first load ap-
plying unit 104 and the second load applying units 108
form a load applying mechanism.
[0053] The first load applying unit 104 includes a press-
er member 110 provided at the center of the fuel cells 10
(centers of the fuel gas supply sections 32, 62) for pre-
venting leakage of the fuel gas from the fuel gas supply
passage 30. The presser member 110 is provided near
the center of the four second end plates 84b for pressing
the fuel cells 10 through the partition wall 85. A first spring
114 is provided at the presser member 110 through a
first receiver member 112a and a second receiver mem-
ber 112b. A tip end of the first presser bolt 116 contacts
the second receiver member 112b. The first presser bolt
116 is screwed into a first screw hole 118 formed in the
support plate 102. The position of the first presser bolt
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116 is adjustable through a first nut 120.
[0054] Each of the second load applying units 108 in-
cludes a third receiver member 122a at the second end
plate 84b, corresponding to each of the electrolyte elec-
trode assemblies 26. The third receiver member 122a is
positioned on the second end plate 84b through the pin
124. One end of the second spring 126 contacts the third
receiver member 122a and the other end of the second
spring 126 contacts the fourth receiver member 122b. A
tip end of the second presser bolt 128 contacts the fourth
receiver member 122b. The second presser bolt 128 is
screwed into the second screw hole 130 formed in the
support plate 102. The position of the second presser
bolt 128 is adjustable through the second nut 132.
[0055] Operation of the fuel cell stack 12 will be de-
scribed below.
[0056] As shown in FIG. 1, the fuel gas is supplied
through the fuel gas supply pipe 92 connected to the first
end plate 84a. Then, the fuel gas flows into the fuel gas
supply passage 30. The air as the oxygen-containing gas
is supplied from the oxygen-containing gas supply pipes
94 to each of the oxygen-containing gas supply passages
68 through the cavity 93a.
[0057] As shown in FIG. 6, the fuel gas flows along the
fuel gas supply passage 30 of the fuel cell stack 12 in
the stacking direction indicated by the arrow A. The fuel
gas moves through the fuel gas supply channel 66 of
each fuel cell 10 along the surface of the separator 28.
[0058] The fuel gas flows from the fuel gas supply
channel 66 into the fuel gas channel 40 through the fuel
gas inlet 38 formed in the sandwiching section 36. The
fuel gas inlet 38 is provided at substantially the central
position of the anode 24 of each electrolyte electrode
assembly 26. Thus, the fuel gas is supplied from the fuel
gas inlet 38 to the anode 24, and flows along the fuel gas
channel 40 from substantially the central region to the
outer circumferential region of the anode 24.
[0059] Under the rectifying operation of the flow recti-
fier member 74, the oxygen-containing gas is supplied
to the oxygen-containing gas supply passage 68, and
flows into the space between the inner circumferential
edge of the electrolyte electrode assembly 26 and the
inner circumferential edge of the sandwiching section 36,
and flows in the direction indicated by the arrow B toward
the oxygen-containing gas channel 54. In the oxygen-
containing gas channel 54, the oxygen-containing gas
flows from the inner circumferential edge (center of the
separator 28) to the outer circumferential edge (outer cir-
cumferential edge of the separator 28) of the electrolyte
electrode assembly 26.
[0060] Thus, in each of the electrolyte electrode as-
semblies 26, the fuel gas flows from the center to the
outer circumferential side on the electrode surface of the
anode 24, and the oxygen-containing gas flows in one
direction indicated by the arrow B on the electrode sur-
face of the cathode 22. At this time, oxide ions move
through the electrolyte 20 toward the anode 24 for gen-
erating electricity by electrochemical reactions.

[0061] The exhaust gas chiefly containing the air after
consumption in the power generation reaction is dis-
charged to the outer circumferential region of each of the
electrolyte electrode assemblies 26, and flows through
the exhaust gas channels 72 as the off gas, and the off
gas is discharged from the fuel cell stack 12 (see FIG. 1).
[0062] In the first embodiment, a plurality of, e.g., four
electrolyte electrode assemblies 26 are arranged con-
centrically around the fuel gas supply section 32. In the
structure, the fuel gas and the oxygen-containing gas
supplied to the fuel cells 10 (fuel cell stack 12) are suitably
heated by heat generated by power generation and heat
generated by reaction of the remaining fuel gas dis-
charged from the fuel gas discharge channel 42 to the
oxygen-containing gas supply passage 68 and the oxy-
gen-containing gas flowing through the oxygen-contain-
ing gas supply passage 68. Thus, it is possible to improve
the heat efficiency and facilitate the thermally self-sus-
tained operation of the fuel cells 10 (fuel cell stack 12).
[0063] Further, the electrolyte electrode assemblies 26
are arranged concentrically around the fuel gas supply
section 32. In the structure, the fuel gas can be supplied
from the fuel gas supply section 32 equally to the respec-
tive electrolyte electrode assemblies 26. Thus, improve-
ment and stability in the power generation performance
is achieved in each of the electrolyte electrode assem-
blies 26.
[0064] Further, in the first embodiment, the flow recti-
fier members 74 are provided between the adjacent
sandwiching sections 36 for rectifying the oxygen-con-
taining gas supplied from the oxygen-containing gas sup-
ply passage 68 to the electrolyte electrode assemblies
26. Each of the rectifier members 74 has the one end 76
covering part of the sandwiching section 36, and the one
end 76 is provided near the joint portions between the
sandwiching sections 36 and the first bridges 34. In the
structure, the space between the one end 76 and first
bridges 34 is narrow, and the oxygen-containing gas is
supplied locally to the portion of the electrolyte electrode
assemblies 26 where the supply of the oxygen-containing
gas is required.
[0065] As shown in FIG. 7, an experiment for detecting
flow velocity distribution of the oxygen-containing gas on
the electrolyte electrode assembly 26 was conducted by
changing the angle α of a flow rectifier member 74a cov-
ering part of the electrolyte electrode assembly 26. Spe-
cifically, the angle α was set to 160° and 90°. The flow
velocity distribution of the oxygen-containing gas on the
electrolyte electrode assembly 26 is shown in FIG. 8. As
can be seen from FIG. 8, as the angle α becomes larger,
i.e., as the space between the one ends 76 of the adjacent
flow rectifier members 74 and the space between the
outer circumferential portions 78 of the adjacent flow rec-
tifier members 74 became narrower, the flow velocity at
the center of the electrolyte electrode assembly 26 be-
came larger. As a result, it became possible to regulate
the flow rate of the oxygen-containing gas suitably for
the flow rate of the fuel gas supplied from the center of
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the electrolyte electrode assembly 26.
[0066] In the first embodiment, the distribution of the
oxygen-containing gas supplied to the electrode surface
of the cathode 22 is optimized for the distribution of the
fuel gas supplied to the electrode surface of the anode
24. Therefore, it is possible to prevent depletion of the
oxygen-containing gas, and to lower the ratio of the air
to the fuel gas (A/F). Thus, the output of the oxygen-
containing gas supply apparatus can be lowered, and
the size of the oxygen-containing gas supply apparatus
can be reduced. Further, since the flow rectifier member
74 is provided outside the sandwiching section 36, the
flow rectifier member 74 does not affect current collection
by the sandwiching section 36.
[0067] Further, the flow rectifier member 74 is provided
along part of the outer circumferential portion of the sand-
wiching section 36 and part of the circumscribed circle
of the separator 28. In the structure, the amount of the
oxygen-containing gas flowing from the oxygen-contain-
ing gas supply passage 68 to the outside of the sand-
wiching section 36 is regulated. The flow rectifier member
74 does not protrude from the circumscribed circle of the
separator 28. Thus, the overall size of the fuel cell 10 can
be reduced easily.
[0068] Further, radiation of heat generated in the elec-
trolyte electrode assemblies 26 to the outside of the sand-
wiching sections 36 is suppressed. Thus, it is possible
to improve heat efficiency, and facilitate thermally
self-sustained operation.
[0069] Further, the space L1 between the adjacent flow
rectifier members 74 on the side of the joint portions be-
tween the sandwiching sections 36 and the first bridges
34 is larger than a space L2 between the adjacent flow
rectifier members 74 on the side of the circumscribed
circle of the separator 28. In the structure, it is possible
to increase the amount of the oxygen-containing gas lo-
cally supplied to the portion of the electrolyte electrode
assemblies 26 where the supply of the oxygen-containing
gas is required. The pressure of the oxygen-containing
gas on the electrolyte electrode assembly 26 is regulated
for making it possible to prevent depletion of the oxygen-
containing gas.
[0070] Further, at the one end 76 of the flow rectifier
member 74, the cutout 80 which is cut in the direction
away from the oxygen-containing gas supply passage
68 and the fuel gas supply passage 30 is provided. In
the structure, the volume of the oxygen-containing gas
supply passage 68 extending in the stacking direction
becomes large, and reduction in the pressure loss is
achieved easily. Further, since the flow rectifier member
74 is made of electrically insulating material, short-
circuiting between the separators 28 does not occur.
[0071] Further, in the first embodiment, as shown in
FIG. 3, the circular arc wall 44 is provided on the surface
36a of the sandwiching section 36 of the separator 28,
in the path connecting the fuel gas inlet 38 and the fuel
gas discharge channel 42, and the circular arc wall 44
contacts the anode 24 of the electrolyte electrode as-

sembly 26.
[0072] In the structure, the fuel gas supplied from the
fuel gas inlet 38 to the fuel gas channel 40 is blocked by
the circular arc wall 44. Thus, the fuel gas does not flow
straight from the fuel gas inlet 38 to the fuel gas discharge
channel 42. The fuel gas flows around in the fuel gas
channel 40, and the fuel gas flows along the anode 24
over a longer distance. That is, the fuel gas flows along
the anode 24 over a longer period of time, and the fuel
gas can be consumed effectively in the power generation
reaction. Accordingly, the fuel gas utilization ratio is im-
proved effectively.
[0073] The protrusion 46 which contacts the outer edge
of the anode 24 is provided on the surface 36a of the
sandwiching section 36. Therefore, it is possible to pre-
vent oxidation due to the entry of the exhaust gas or the
oxygen-containing gas into the anode 24 from the outside
of the electrolyte electrode assembly 26. Accordingly, it
is possible to prevent the power generation efficiency
from being lowered due to oxidation, and improve dura-
bility of the separators 28 and the electrolyte electrode
assemblies 26.
[0074] Further, the projections 48 provided on the
sandwiching section 36 protrude on a side of the fuel gas
channel 40, and contact the anode 24. By the projections
48, good current collection efficiency is achieved.
[0075] The consumed fuel gas supplied to the fuel gas
channel 40 is discharged from the fuel gas discharge
channel 42 to the oxygen-containing gas supply passage
68. Thus, in the oxygen-containing gas supply passage
68, the fuel gas in the exhaust gas after consumption in
the power generation reacts with some of the oxygen-
containing gas before consumption in the power gener-
ation. As a result, the rest of the oxygen-containing gas
before consumption is heated beforehand. Thus, it is pos-
sible to supply the previously-heated oxygen-containing
gas to the oxygen-containing gas channel 54, and im-
provement in the heat efficiency is achieved.
[0076] Further, the first bridges 34 extend radially out-
wardly from the fuel gas supply section 32 such that the
first bridges 34 are spaced at equal angular intervals. In
the structure, the fuel gas can be supplied from the fuel
gas supply section 32 equally to the respective electrolyte
electrode assemblies 26 through the first bridges 34.
Thus, improvement and stability in the power generation
performance can be achieved in each of the electrolyte
electrode assemblies 26.
[0077] Further, in the fuel cell stack 12, the tightening
load applied to the fuel gas supply sections 32, 62 by the
first load applying unit 104 may be larger than the tight-
ening load applied to the electrolyte electrode assemblies
26 by the second load applying units 108.
[0078] In the structure, a relatively large tightening load
is applied to the fuel gas supply sections 32, 62 to main-
tain the desired sealing performance, and a relatively
small tightening load is applied to the electrolyte elec-
trode assemblies 26 to prevent damage or the like of the
electrolyte electrode assemblies 26. Accordingly, im-
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provement in the current collection performance is
achieved advantageously.
[0079] FIG. 9 is a front view showing a fuel cell 134
according to a second embodiment of the present inven-
tion. The constituent elements that are identical to those
of the fuel cell 10 according to the first embodiment are
labeled with the same reference numeral, and description
thereof will be omitted. Further, in third to fifth embodi-
ments as described later, the constituent elements that
are identical to those of the fuel cell 10 according to the
first embodiment are labeled with the same reference
numeral, and detailed description thereof will be omitted.
[0080] In the fuel cell 134, a flow rectifier member 136
is provided between the adjacent sandwiching sections
36. The flow rectifier member 136 has a porous structure,
e.g., chiefly containing a heat insulating material such as
silica glass. The space L3 between the adjacent flow rec-
tifier members 136 on the side of the joint portions be-
tween the sandwiching sections 36 and the first bridges
34 is smaller than the space L4 between the adjacent
flow rectifier members 136 on the side of the circum-
scribed circle of the separator 28.
[0081] In the second embodiment, the flow rectifier
member 136 is made of electrically insulating material.
Radiation of heat generated in the electrolyte electrode
assemblies 26 to the outside of the sandwiching sections
36 is suppressed. Thus, it is possible to improve heat
efficiency easily.
[0082] Further, the space L3 between the adjacent flow
rectifier members 136 near the oxygen-containing gas
inlet of the electrolyte electrode assembly 26 is smaller
than the space L4 between the adjacent flow rectifier
members 136 near the oxygen-containing gas outlet of
the electrolyte electrode assembly 26. In the structure,
the oxygen-containing gas flows smoothly on the elec-
trolyte electrode assembly 26, and the pressure loss is
reduced effectively.
[0083] FIG. 10 is an exploded perspective view show-
ing a fuel cell 140 according to a third embodiment of the
present invention.
[0084] The fuel cell 140 includes separators 28, and a
mesh member (electrically conductive woven fabric such
as metal mesh) 142 instead of the plate 50 is provided
on the surface 36b of each of the sandwiching sections
36 of the separators 28 (see FIGS. 10 and 11). An oxy-
gen-containing gas channel 54 is formed in the mesh
member 142. A cutout 142a is formed in the mesh mem-
ber 142 as a space for providing the second bridge 64
of the channel member 60.
[0085] In the third embodiment, the same advantages
as in the case of the first and second embodiments are
obtained. Though the mesh member 142 is used in the
third embodiment, instead of the mesh member 142, for
example, an electrically conductive felt member (electri-
cally conductive non-woven fabric such as metal felt),
foam metal, expanded metal, punching metal, or pressed
embossed metal may be used.
[0086] FIG. 12 is an exploded perspective view show-

ing a fuel cell 150 according to a fourth embodiment of
the present invention. FIG. 13 is a partial exploded per-
spective view showing gas flows in the fuel cell 150.
[0087] The fuel cell 150 includes separators 152, and
each of the separators 152 includes a fuel gas supply
section 32, four first bridges 34, and sandwiching sec-
tions 154 formed integrally with the respective first bridg-
es 34.
[0088] A fuel gas channel 40a for supplying the fuel
gas along the electrode surface of the anode 24 is formed
on a surface 154a of each sandwiching section 154 facing
the anode 24. The circular arc wall 44 and the protrusion
46 according to the first embodiment are not formed on
the surface 154a.
[0089] An oxygen-containing gas channel 54 is formed
on a surface 154b opposite to the surface 154a of each
sandwiching section 154, using the plate 50 (shown in
FIG. 14). Instead of the plate 50, the mesh member 142,
an electrically conductive felt member (not shown), or
the like may be used.
[0090] In the fourth embodiment, the fuel gas supplied
to the fuel gas supply passage 30 flows through the fuel
gas supply channel 66 of the fuel cell 150, and flows
along the surface of the separator 152.
[0091] The fuel gas from the fuel gas supply channel
66 flows through the fuel gas inlet 38 formed in the sand-
wiching section 154, and flows into the fuel gas channel
40a. In the structure, the fuel gas is supplied from the
fuel gas inlet 38 to substantially the central region of the
anode 24. The fuel gas flows along the fuel gas channel
40 from the substantially central region to the outer cir-
cumferential region of the anode 24 (see FIGS. 13 and
14).
[0092] The air supplied to the oxygen-containing gas
supply passage 68 flows toward the oxygen-containing
gas channel 54. In the oxygen-containing gas channel
54, the air flows from the inner circumferential edge to
the outer circumferential edge of the cathode 22 (see
FIGS. 13 and 14). Thus, in each of the electrolyte elec-
trode assemblies 26, the fuel gas flows from the center
to the outer circumferential side on the electrode surface
of the anode 24, and the oxygen-containing gas flows in
one direction on the electrode surface of the cathode 22.
By electrochemical reactions of the air and the fuel gas,
electricity is generated.
[0093] In the fourth embodiment, the same advantages
as in the cases of the first to third embodiments are ob-
tained.
[0094] FIG. 15 is an exploded perspective view show-
ing a fuel cell 160 according to a fifth embodiment of the
present invention. FIG. 16 is a partial exploded perspec-
tive view showing gas flows in the fuel cell 160.
[0095] The fuel cell 160 includes separators 162, and
an oxygen-containing gas supply section (first reactant
gas supply section) 164 is formed at the center of each
of the separators 162. An oxygen-containing gas supply
passage 68 extends through the oxygen-containing gas
supply section 164. Four first bridges 166 extend radially
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outwardly from the oxygen-containing gas supply section
164 at predetermined angular intervals, e.g., at intervals
of 90°. The oxygen-containing gas supply section 164 is
integral with the sandwiching sections through the first
bridges 166.
[0096] An oxygen-containing gas inlet 170 for supply-
ing the oxygen-containing gas is provided, e.g., at the
center of the sandwiching section 168, or at a position
deviated toward the upstream side from the center of the
sandwiching section 168 in the flow direction of the fuel
gas.
[0097] Each of the sandwiching sections 168 has an
oxygen-containing gas channel 54 on a surface 168a
which contacts the cathode 22. The oxygen-containing
gas channel 54 is formed by a plurality of projections 172
on the surface 168a of each of the sandwiching sections
168. Each of the sandwiching sections 168 has a fuel
gas channel 40 on a surface 168b which contacts the
anode 24. An oxygen-containing gas supply channel (re-
actant gas supply channel) 174 connecting the oxygen-
containing gas supply passage 68 to an oxygen-contain-
ing gas inlet 170 is formed between the first bridge 166
and a second bridge 64 of a channel member 60.
[0098] The flow rectifier member 74 (or the flow rectifier
member 136) for rectifying the flow of the fuel gas sup-
plied from the fuel gas supply passage (second reactant
gas supply section) 30 to the electrolyte electrode as-
sembly 26 is provided between the adjacent sandwiching
sections 168.
[0099] In the fifth embodiment, after the oxygen-con-
taining gas is supplied to the oxygen-containing gas sup-
ply passage 68 provided at the center of the fuel cell 160,
the oxygen-containing gas flows through the oxygen-
containing gas supply channel 174 along the surface of
the separator 162. Then, the oxygen-containing gas is
supplied to the central region of the cathode 22 from the
oxygen-containing gas inlet 170 formed at the center, or
at a position near the center of the sandwiching section
168, and the oxygen-containing gas flows from the cen-
tral region to the outer circumferential region of the cath-
ode 22.
[0100] Under the flow rectifying operation of the flow
rectifier member 74, the fuel gas supplied to the fuel gas
supply passage 30 flows into the space between the inner
circumferential edge of the electrolyte electrode assem-
bly 26 and the inner circumferential edge of the sand-
wiching section 168, and flows in the direction indicated
by the arrow B toward the fuel gas channel 40 (see FIG.
17). In the fuel gas channel 40, the fuel gas flows from
the inner circumferential edge to the outer circumferential
edge of, i.e., from one end to the other end of the anode
24 of the electrolyte electrode assembly 26 in the direc-
tion indicated by the arrow B. The air is supplied from the
center to the outer circumferential side on the electrode
surface of the cathode 22 (see FIG. 16).
[0101] In the fifth embodiment, the flow rectifier mem-
ber 74 is provided between the adjacent sandwiching
sections 168 for rectifying the flow of the fuel gas supplied

to the electrolyte electrode assembly 26 through the fuel
gas supply passage 30.
[0102] In the structure, the same advantages as in the
cases of the first to fourth embodiments are obtained.
For example, the fuel gas is locally supplied to the portion
of the electrolyte electrode assemblies 26 where the sup-
ply of the fuel gas is required. The distribution of the ox-
ygen-containing gas supplied to the electrode surface of
the cathode 22 is optimized for the distribution of the fuel
gas supplied to the electrode surface of the anode 24.
[0103] In the first to fifth embodiments, four electrolyte
electrode assemblies are arranged concentrically in a
plan view. However, the present invention is not limited
in this respect. Alternatively, an arbitral number of, e.g.,
two or more electrolyte electrode assemblies 26 may be
arranged concentrically.
[0104] Further, the oxygen-containing gas supply pas-
sage 68 extends in the stacking direction indicated by
the arrow A inside the sandwiching sections 36, and be-
tween the first bridges 34. However, the present invention
is not limited in this respect. For example, the oxy-
gen-containing gas supply passage 68 extends in the
stacking direction on the extension 56 side shown in FIG.
3.
[0105] In the structure, the oxygen-containing gas
flows from the outer circumferential side to the central
side of the separator 28. That is, though the oxygen-con-
taining gas flows from the central side to the outer cir-
cumferential side of the separator 28 in FIG. 3, in a mod-
ified embodiment, the oxygen-containing gas may flow
from the outer circumferential side to the central side of
the separator 28.

Claims

1. A solid oxide fuel cell (10) comprising stacked elec-
trolyte electrode assemblies (26) between separa-
tors (28), the electrolyte electrode assemblies (26)
each including an anode (24), a cathode (22), and
an electrolyte (20) interposed between the anode
(24) and the cathode (22) the separators (28) each
comprising:

sandwiching sections (36) sandwiching the
electrolyte electrode assemblies (26), the sand-
wiching sections (36) each having a fuel gas
channel (40) for supplying a fuel gas along an
electrode surface of the anode (24) and an ox-
ygen-containing gas channel (54) for supplying
an oxygen-containing gas along an electrode
surface of the cathode (22) separately;
bridges (34) connected to the sandwiching sec-
tions (36), the bridges (34) each having a reac-
tant gas supply channel (66) for supplying the
fuel gas to the fuel gas channel (40) or supplying
the oxygen-containing gas to the oxygen-con-
taining gas channel (54); and
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a first reactant gas supply section (32) connect-
ed to the bridges (34), a reactant gas supply
passage (30) extending through the first reac-
tant gas supply section (32) in a stacking direc-
tion for supplying the fuel gas or the oxygen-
containing gas to the reactant gas supply chan-
nel (66), the first reactant gas supply section (32)
being provided at the center of the separator
(28);
a second reactant gas supply section (68) for
allowing the oxygen-containing gas or the fuel
gas to flow in the stacking direction, and supply-
ing the oxygen-containing gas to the oxygen-
containing gas channel (54) or supplying the fuel
gas to the fuel gas channel (40); and
a flow rectifier plate (74) provided between ad-
jacent sandwiching sections (36), for rectifying
the flow of the oxygen-containing gas flowing
through the oxygen-containing gas channel (54)
or the fuel gas flowing through the fuel gas chan-
nel (40), along a surface of the electrolyte elec-
trode assembly (26) from at least the second
reactant gas supply section (68),
wherein the electrolyte electrode assemblies
(26) are arranged concentrically around the first
reactant gas supply section (32), and the flow
rectifier plate (74) is provided along part of an
outer circumferential portion of the sandwiching
section (36),
characterized in that the flow rectifier plate (74)
is made by joining an electrically insulating ma-
terial with silicone resin, is provided along part
of a circumscribed circle of the separator (28),
and extends in a direction in which a surface of
the sandwiching section (36) extends.

2. A fuel cell according to claim 1, wherein one end of
the flow rectifier plate (74) along part of the sand-
wiching section (36) is provided near joint portions
between the sandwiching sections (36) and the
bridges (34).

3. A fuel cell according to claim 2, wherein a space
between the adjacent flow rectifier plates (74) on a
side of the joint portions between the sandwiching
sections (36) and the bridges (34) is larger than a
space between the adjacent flow rectifier plates (74)
on a side of the circumscribed circle of the separator
(28).

4. A fuel cell according to claim 2, wherein a space
between the adjacent flow rectifier plates (74) on a
side of the joint portions between the sandwiching
sections (36) and the bridges (34) is smaller than a
space between the adjacent flow rectifier plates (74)
on a side of the circumscribed circle of the separator
(28).

5. A fuel cell according to claim 1, wherein the flow rec-
tifier plate (74) has a cutout (80) in a direction away
from the first reactant gas supply section (32), at one
end thereof on a side of the first reactant gas supply
section (32).

6. A fuel cell according to claim 1, wherein the flow rec-
tifier plate (136) is made of heat insulating material.

7. A fuel cell according to claim 1, wherein the bridges
(34) extend radially outwardly from the first reactant
gas supply section (32), and are spaced from each
other at equal angular intervals .

8. A fuel cell according to claim 1, wherein the number
of the sandwiching sections (36), and the number of
the bridges (34) correspond to the number of the
electrolyte electrode assemblies (26).

9. A fuel cell according to claim 1, wherein the sand-
wiching section (36) includes: a fuel gas inlet (38)
for supplying the fuel gas to the fuel gas channel
(40); a fuel gas discharge channel (42) for discharg-
ing the fuel gas after consumption in the fuel gas
channel (40); and a detour channel forming wall (44)
contacting the anode (24), the detour channel form-
ing wall (44) preventing the fuel gas from flowing
straight from the fuel gas inlet (38) to the fuel gas
discharge channel (42).

10. A fuel cell according to claim 1, wherein the sand-
wiching section (36) includes a circumferential pro-
trusion (46) protruding on a side of the fuel gas chan-
nel (40), and contacting an outer edge of the anode
(24).

11. A fuel cell according to claim 1, wherein the sand-
wiching section (36) includes projections (48) pro-
truding on a side of the fuel gas channel (40) to con-
tact the anode (24).

12. A fuel cell stack (12) formed by stacking a plurality
of fuel cells (10) in a stacking direction, the fuel cells
(10) according to any of claims 1 to 11.

13. A fuel cell stack according to claim 12, further com-
prising a load applying mechanism (104, 108) for
applying a load to the fuel cells (10) in the stacking
direction, wherein the load applying mechanism
(104, 108) is configured such that a load applied to
a position near the first reactant gas supply section
(32) becomes larger than a load applied to the elec-
trolyte electrode assemblies (26).

Patentansprüche

1. Festoxid-Brennstoffzelle (10), die gestapelte Elek-
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trolytelektrodenanordnungen (26) zwischen Sepa-
ratoren (28) aufweist, wobei die Elektrolytelektro-
denanordnungen (26) jeweils eine Anode (24), eine
Kathode (22) und einen zwischen der Anode (24)
und der Kathode (22) angeordneten Elektrolyten
(20) enthalten, wobei die Separatoren (28) jeweils
umfassen:

Sandwich-Abschnitte (36), die die Elektroly-
telektrodenanordnungen (26) zwischen sich
aufnehmen, wobei die Sandwich-Abschnitte
(36) jeweils separat einen Brenngaskanal (40)
zum Zuführen von Brenngas entlang einer Elek-
trodenoberfläche der Anode (24) sowie einen
Sauerstoff-haltiges-Gas-Kanal (54) zum Zufüh-
ren von Sauerstoffhaltigem Gas entlang einer
Elektrodenoberfläche der Kathode (22) aufwei-
sen;
Brücken (34), die mit den Sandwich-Abschnitten
(36) verbunden sind, wobei die Brücken (34) je-
weils einen Reaktionsgaszuführkanal (66) zum
Zuführen des Brenngases zum Brenngaskanal
(40) oder Zuführen des Sauerstoff-haltigen Ga-
ses zu dem Sauerstoff-haltiges-Gas-Kanal (54)
aufweisen; und
einen ersten Reaktionsgaszuführabschnitt (32),
der mit den Brücken (34) verbunden ist, wobei
sich eine Reaktionsgaszuführpassage (30)
durch den ersten Reaktionsgas-Zuführabschnitt
(32) in Stapelrichtung erstreckt, um das Brenn-
gas oder das Sauerstoff-haltige Gas dem Reak-
tionsgaszuführkanal (66) zuzuführen, wobei der
erste Reaktionsgaszuführabschnitt (32) in der
Mitte des Separators (28) vorgesehen ist;
einen zweiten Reaktionsgaszuführabschnitt
(68) zum Erlauben, dass das Sauerstoff-haltige
Gas oder das Brenngas in der Stapelrichtung
fließt, und Zuführen des Sauerstoff-haltigen Ga-
ses zu dem Sauerstoff-haltiges-Gas-Kanal (54)
oder Zuführen des Brenngases zu dem Brenn-
gaskanal (40); und
eine Strömungsausrichtplatte (74), die zwi-
schen benachbarten Sandwich-Abschnitten
(36) vorgesehen ist, zum Ausrichten der Strö-
mung des durch den Sauerstoff-haltiges-Gas-
Kanal (54) fließenden Sauerstoff-haltigen Ga-
ses oder des durch den Brenngaskanal (40) flie-
ßenden Brenngases entlang einer Oberfläche
der Elektrolytelektrodenanordnung (26) von zu-
mindest dem zweiten Reaktionsgaszuführab-
schnitt (68),
worin die Elektrolytelektrodenanordnungen (26)
konzentrisch um den ersten Reaktionsgaszu-
führabschnitt (32) herum angeordnet sind, und
die Strömungsausrichtplatte (74) entlang einem
Teil eines Außenumfangsabschnitts des Sand-
wich-Abschnitts (36) vorgesehen ist, dadurch
gekennzeichnet, dass die Strömungsausricht-

platte (74) durch Verbinden von elektrisch iso-
lierendem Material mit Silikonharz hergestellt
ist, entlang eines Teils eines Umkreises des Se-
parators (28) vorgesehen ist und sich in einer
Richtung erstreckt, in der sich eine Oberfläche
des Sandwich-Abschnitts (36) erstreckt.

2. Brennstoffzelle nach Anspruch 1, worin ein Ende der
Strömungsausrichtplatte (74) entlang einem Teil des
Sandwich-Abschnitts (36) in der Nähe von Verbin-
dungsabschnitten zwischen den Sandwich-Ab-
schnitten (36) und den Brücken (34) vorgesehen ist.

3. Brennstoffzelle nach Anspruch 2, worin ein Zwi-
schenraum zwischen den benachbarten Strö-
mungsausrichtplatten (74) an einer Seite der Ver-
bindungsabschnitte zwischen den Sandwich-Ab-
schnitten (36) und den Brücken (34) größer ist als
ein Zwischenraum zwischen den benachbarten
Strömungsausrichtplatten (74) an einer Seite des
Umkreises des Separators (28).

4. Brennstoffzelle nach Anspruch 2, worin ein Zwi-
schenraum zwischen den benachbarten Strö-
mungsausrichtplatten (74) an einer Seite der Ver-
bindungsabschnitte zwischen den Sandwich-Ab-
schnitten (36) und den Brücken (34) kleiner ist als
ein Zwischenraum zwischen den benachbarten
Strömungsausrichtplatten (74) an einer Seite des
Umkreises des Separators (28).

5. Brennstoffzelle nach Anspruch 1, worin die Strö-
mungsausrichtplatte (74) an ihrem einen Ende an
einer Seite des ersten Reaktionsgas-Zuführab-
schnitts (32) einen Ausschnitt (80) in Richtung von
dem ersten Reaktionsgas-Zuführabschnitt (32) weg
aufweist.

6. Brennstoffzelle nach Anspruch 1, worin die Strö-
mungsausrichtplatte (36) aus wärmeisolierendem
Material hergestellt ist.

7. Brennstoffzelle nach Anspruch 1, worin sich die
Brücken (34) radial auswärts von dem ersten Reak-
tionsgas-Zuführabschnitt (32) erstrecken und mit
gleichen Winkelintervallen mit Abstand voneinander
angeordnet sind.

8. Brennstoffzelle nach Anspruch 1, worin die Anzahl
der Sandwich-Abschnitte (36) und die Anzahl der
Brücken (34) der Anzahl der Elektrolytelektrodenan-
ordnungen (26) entspricht.

9. Brennstoffzelle nach Anspruch 1, worin der Sand-
wich-Abschnitt (36) enthält: einen Brenngaseinlass
(38) zum Zuführen des Brenngases zu dem Brenn-
gaskanal (40); einen Brenngasauslasskanal (42)
zum Abgeben des Brenngases nach Verbrauch in
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dem Brenngaskanal (40); und eine Umwegkanalbil-
dungswand (44), welche die Anode (24) kontaktiert,
wobei die Umwegkanalbildungswand (44) verhin-
dert, dass das Brenngas von dem Brenngaseinlass
(38) geradeaus zum Brenngasauslasskanal (42)
fließt.

10. Brennstoffzelle nach Anspruch 1, worin der Sand-
wich-Abschnitt (36) einen Umfangsvorsprung (46)
enthält, der an einer Seite des Brenngaskanals (40)
vorsteht und einen Außenrand der Anode (24) kon-
taktiert.

11. Brennstoffzelle nach Anspruch 1, worin der Sand-
wich-Abschnitt (36) Vorsprünge (48) enthält, die an
einer Seite des Brenngaskanals (40) vorstehen, um
die Anode (24) zu kontaktieren.

12. Brennstoffzellenstapel (12), der durch Stapeln einer
Mehrzahl von Brennstoffzellen (10) in einer Stapel-
richtung gebildet ist, wobei die Brennstoffzellen (10)
nach einem der Ansprüche 1 bis 11 sind.

13. Brennstoffzellenstapel nach Anspruch 12, der ferner
einen Lastanlegemechanismus (104, 108) zum An-
legen einer Last an die Brennstoffzellen (10) in der
Stapelrichtung aufweist, wobei der Lastanlegeme-
chanismus (104, 108) derart konfiguriert ist, dass ei-
ne Last, die an einer Position in der Nähe des ersten
Reaktionsgas-Zuführabschnitts (32) angelegt wird,
größer wird als eine Last, die an die Elektrolytelek-
trodenanordnungen (26) angelegt wird.

Revendications

1. Pile à combustible à oxyde solide (10) comprenant
des ensembles d’électrodes-électrolyte empilés (26)
entre des séparateurs (28), les ensembles d’électro-
des-électrolyte (26) comprenant chacun une anode
(24), une cathode (22) et un électrolyte (20) intercalé
entre l’anode (24) et la cathode (22), les séparateurs
(28) comprenant chacun:

des sections d’intercalation (36) pour intercaler
les ensembles d’électrodes-électrolyte (26), les
sections d’intercalation (36) présentant chacu-
ne un canal de gaz combustible (40) pour fournir
un gaz combustible le long d’une surface d’élec-
trodes de l’anode (24), et un canal de gaz con-
tenant de l’oxygène (54) pour fournir un gaz con-
tenant de l’oxygène le long d’une surface d’élec-
trodes de la cathode (22) séparément;
des ponts (34) connectés aux sections d’inter-
calation (36), les ponts (34) présentant chacun
un canal d’alimentation en gaz réactif (66) pour
fournir le gaz combustible au canal de gaz com-
bustible (40), ou pour fournir le gaz contenant

de l’oxygène au canal de gaz contenant de l’oxy-
gène (54); et
une première section d’alimentation en gaz
réactif (32) connectée aux ponts (34), un pas-
sage d’alimentation en gaz réactif (30) s’éten-
dant à travers la première section d’alimentation
en gaz réactif (32) dans une direction d’empile-
ment afin de fournir le gaz combustible ou le gaz
contenant de l’oxygène au canal d’alimentation
en gaz réactif (66), la première section d’alimen-
tation en gaz réactif (32) étant prévue au centre
du séparateur (28);
une deuxième section d’alimentation en gaz
réactif (68) pour permettre au gaz contenant de
l’oxygène ou au gaz combustible de s’écouler
dans la direction d’empilement, et pour fournir
le gaz contenant de l’oxygène au canal de gaz
contenant de l’oxygène (54) ou pour fournir le
gaz combustible au canal de gaz combustible
(40); et
une plaque de rectification d’écoulement (74)
prévue entre des sections d’intercalation voisi-
nes (36) pour rectifier l’écoulement du gaz con-
tenant de l’oxygène s’écoulant à travers le canal
de gaz contenant de l’oxygène (54) ou du gaz
combustible qui s’écoule à travers le canal de
gaz combustible (40), le long d’une surface de
l’ensemble d’électrode-électrolyte (26) à partir
d’au moins la deuxième section d’alimentation
en gaz réactif (68),
dans laquelle les ensembles d’électrode-élec-
trolyte (26) sont disposés de façon concentrique
autour de la première section d’alimentation en
gaz réactif (32), et la plaque de rectification
d’écoulement (74) est prévue le long d’un partie
d’une partie circonférentielle extérieure de la
section d’intercalation (36),
caractérisée en ce que la plaque de rectifica-
tion d’écoulement (74) est formée en joignant
un matériau électriquement isolant avec une ré-
sine de silicone, est prévue le long d’une partie
d’un cercle circonscrit du séparateur (28), et
s’étend dans une direction dans laquelle une
surface de la section d’intercalation (36) s’étend.

2. Pile à combustible selon la revendication 1, dans
laquelle une extrémité de la plaque de rectification
d’écoulement (74) le long d’une partie de la section
d’intercalation (36) est prévue à proximité de parties
de jonction entre les sections d’intercalation (36) et
les ponts (34).

3. Pile à combustible selon la revendication 2, dans
laquelle un espace entre les plaques de rectification
d’écoulement voisines (74) sur un côté des parties
de jonction entre les sections d’intercalation (36) et
les ponts (34) est plus grand qu’un espace entre les
plaques de rectification d’écoulement voisines (74)
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sur un côté du cercle circonscrit du séparateur (28).

4. Pile à combustible selon la revendication 2, dans
laquelle un espace entre les plaques de rectification
d’écoulement voisines (74) sur un côté des parties
de jonction entre les sections d’intercalation (36) et
les ponts (34) est plus petit qu’un espace entre les
plaques de rectification d’écoulement voisines (74)
sur un côté du cercle circonscrit du séparateur (28).

5. Pile à combustible selon la revendication 1, dans
laquelle la plaque de rectification d’écoulement (74)
présente une découpe (80) dans une direction qui
s’éloigne de la première section d’alimentation en
gaz réactif (32), à une extrémité de celle-ci sur un
côté de la première section d’alimentation en gaz
réactif (32).

6. Pile à combustible selon la revendication 1, dans
laquelle la plaque de rectification d’écoulement (136)
est constituée d’un matériau isolant thermiquement.

7. Pile à combustible selon la revendication 1, dans
laquelle les ponts (34) s’étendent radialement vers
l’extérieur à partir de la première section d’alimen-
tation en gaz réactif (32), et sont espacés les uns
des autres à des intervalles angulaires égaux.

8. Pile à combustible selon la revendication 1, dans
laquelle le nombre de sections d’intercalation (36),
et le nombre de ponts (34) correspondent au nombre
des ensembles d’électrode-électrolyte (26).

9. Pile à combustible selon la revendication 1, dans
laquelle la section d’intercalation (36) comprend une
entrée de gaz combustible (38) pour fournir le gaz
combustible au canal de gaz combustible (40); un
canal de décharge de gaz combustible (42) pour dé-
charger le gaz combustible après sa consommation
dans le canal de gaz combustible (40); et une paroi
formant un canal de déviation (44) en contact avec
l’anode (24), la paroi formant un canal de déviation
(44) empêchant le gaz combustible de s’écouler di-
rectement de l’entrée de gaz combustible (38) jus-
qu’au canal de décharge de gaz combustible (42).

10. Pile à combustible selon la revendication 1, dans
laquelle la section d’intercalation (36) comporte une
saillie circonférentielle (46) qui fait saillie sur un côté
du canal de gaz combustible (40), et qui entre en
contact avec un bord extérieur de l’anode (24).

11. Pile à combustible selon la revendication 1, dans
laquelle la section d’intercalation (36) comporte des
saillies (48) qui font saillie sur un côté du canal de
gaz combustible (40) afin d’entrer en contact avec
l’anode (24).

12. Empilement de piles à combustible (12) constitué en
empilant une pluralité de piles à combustible (10)
dans une direction d’empilement, les piles à com-
bustible (10) étant des piles à combustible selon
l’une quelconque des revendications 1 à 11.

13. Empilement de piles à combustible selon la reven-
dication 12, comprenant en outre un mécanisme
d’application de charge (104, 108) pour appliquer
une charge aux piles à combustible (10) dans la di-
rection d’empilement, dans lequel le mécanisme
d’application de charge (104, 108) est configuré de
telle sorte qu’une charge appliquée à une position
proche de la première section d’alimentation en gaz
réactif (32) devienne plus grande qu’une charge ap-
pliquée aux ensembles d’électrode-électrolyte (26) .
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