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(57) ABSTRACT 

Gas discharge ports are provided in almost the entire area of 
a layer Surface of a separator, and a gas for reaction is dis 
charged like a shower from the separator toward a power 
generation cell. The separator is constructed by layering 
plate-shaped members containing iron-base alloy, nickel 
base alloy, or chrome-base alloy as the base material. Silver, 
silver alloy, copper, or copper alloy is plated on both sides or 
one side of the base material of the plate-shaped member. The 
construction above can increase durability of a separator and 
enables the separator and a solid oxide fuel cell to be stably 
used for a long period. 
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SEPARATOR FOR FUEL CELL, METHOD 
FOR PRODUCING SEPARATOR, AND SOLID 

OXDE FUEL CELL 

BACKGROUND OF THE INVENTION 

0001 I. Technical Field 
0002 The present invention relates to a separator for a fuel 

cell, a method for producing the separator, and a solid oxide 
fuel cell (SOFC). 
0003 II. Description of the Related Art 
0004. As is well known, the solid oxide fuel cell has been 
investigated and developed as one of various kinds of fuel 
cells for power generation. As the structure of the solid oxide 
fuel cell, there are proposed at present three types of struc 
tures: a cylindrical type, a monolithic type, and a flat plate 
laminated type. However, the flat plate laminated type struc 
ture is widely adopted for low-temperature operating type 
solid oxide fuel cell. 
0005. In the flat plate laminated type solid oxide fuel cell, 
a fuel cell stack is constituted by alternately laminating power 
generation cells and separators in a state where a current 
collector is sandwiched between the power generation cell 
and the separator. The power generation cell has a laminated 
structure in which a solid electrolyte layer made of an oxide 
ion conductor is sandwiched between an air electrode (cath 
ode) layer and a fuel electrode (anode) layer. Oxygen (air) as 
oxidizer gas is supplied to the air electrode side of the power 
generation cell, while fuel gas (H, CH and the like) is 
supplied to the fuel electrode side. Both the air electrode and 
the fuel electrode are made porous so as to enable the oxygen 
and the fuel gas to reach their boundary with the solid elec 
trolyte. 
0006. On the other hand, the separator has a function of 
electrically connecting the power generation cells to each 
other and of Supplying reactive gas to the power generation 
cell, and is provided with a fuel passage which introduces fuel 
gas from an outer peripheral part and which discharges the 
fuel gas from a surface facing the fuel electrode layer, and 
with oxidizer passage which introduces air as oxidizer gas 
from an outer peripheral part and which discharges the air 
from a surface facing the air electrode layer. An air electrode 
current collector made of a sponge-like porous sintered 
metallic plate Such as an Ag-based alloy is arranged between 
the separator and the air electrode of the power generation 
cell, and a fuel electrode current collector made of a sponge 
like porous sintered metallic plate such as a Ni-based alloy is 
arranged between the separator and the fuel electrode of the 
power generation cell. 
0007. In the solid oxide fuel cell constituted as described 
above, the oxygen supplied to the air electrode side of the 
power generation cell via the separator and the air electrode 
current collector reaches near the boundary with the solid 
electrolyte through the pore in the air electrode layer, and 
there, the oxygen receives an electron from the air electrode to 
be ionized to oxide ion (O). The oxide ion is diffusively 
moved in the solid electrolyte toward the direction of the fuel 
electrode. When reaching near the boundary with the fuel 
electrode, the oxide ion reacts there with fuel gas to produce 
a reaction product (H2O and the like), and emits an electronto 
the fuel electrode. The electron is taken out by the fuel elec 
trode current collector, and thereby current is made to flow 
and a predetermined electromotive force can be obtained. 
0008 Meanwhile, the solid oxide fuel cell of this type 
includes a solid oxide fuel cell having a seal-less structure to 
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eliminate a gas leakage prevention seal (for which a glass seal 
is conventionally used) in the outer peripheral part of the 
power generation cell. The solid oxide fuel cell having the 
seal-less structure is arranged in Such a manner that discharge 
ports of fuel gas and oxidizer gas (reactive gas) are provided 
in the center part of the separator, that while the reactive gas 
discharged from the discharge port is made to diffuse in the 
outer peripheral direction of the power generation cell, the 
reactive gas is made to spread in excellent distribution over a 
whole part of the fuel electrode layer and the air electrode 
layer so as to generate power generation reaction, and that the 
gas generated by the power generation reaction and the 
remaining gas not used in the power generation reaction is 
exhausted from the outer peripheral part of the power genera 
tion cell to the outside (for example, see Japanese Patent 
Laid-Open No. 11-016581). 
0009. However, in the solid oxide fuel cell having the 
above described seal-less structure, when the reactive gas 
discharge port is provided in the center part of the separator, 
there occurs a phenomenon in which gas concentration with a 
peak at the center part near the discharge port is reduced 
toward the outer peripheral part. This results in a problem that 
electrode reaction may not be uniform on the cell face to 
cause deviation of current density distribution within the cell 
face and thereby the efficiency of the power generation cell 
(output power density per unit area) may be remarkably 
decreased. Further, the electrode reaction as exothermic reac 
tion which is not uniformly performed within the cell face, 
causes a temperature gradient to be formed in the power 
generation cell, as a result of which the power generation cell 
may be damaged by thermal stress in the course of the reac 
tion. 

0010. On the other hand, in the flat plate laminated type 
Solid oxide fuel cell, when the operating temperature is set to 
a low temperature not higher than 800° C., a separator made 
of stainless steel is often adopted as the above described 
separator. 
0011. However, the fuel cell in which the separator made 
of stainless steel is adopted, has a problem that when a hydro 
carbon compound, Such as methane, is used as fuel gas, 
carbon and carbon oxide are generated by reforming reaction, 
so that a part exposed to the fuel gas, such as the fuel passage 
wall surface of the separator, is carburized by the reaction 
product and thereby the separator deteriorates in the early 
Stage. 

SUMMARY OF THE INVENTION 

0012. The present invention has been made in view of the 
above described circumstances. The principal object of the 
present invention is to provide a separator for fuel cell and a 
solid oxide fuel cell which are excellent in durability and can 
be used stably over a long period. More specifically, a first 
object of the present invention is to provide a separator for 
fuel cell and a solid oxide fuel cell which are capable of 
providing uniform gas concentration to the cell face and 
thereby improving the power generation efficiency, and 
which are capable of causing uniform temperature within the 
cell face and thereby preventing the power generation cell 
from being damaged. A second object of the present invention 
is to provide a separator for fuel cell which is excellent in 
carburizing resistance and which is capable of Suppressing 
deterioration caused by carburization even when a hydrocar 
bon compound such as methane is used as fuel gas, and to 
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provide a method for producing the separator, and a solid 
oxide fuel cell using the separator. 
0013. In order to achieve the above described object, a 
separator for fuel cell according to a first aspect of the present 
invention, which is arranged in alternate lamination with a 
power generation cell and has gas discharge ports (openings), 
for discharging reactive gas, on a layer Surface thereof (a 
Surface facing the power generation cell), is characterized in 
that the multiple gas discharge ports are provided on approxi 
mately whole area of the layer surface and that the reactive 
gas is made to be discharged like a shower from the separator 
toward the power generation cell. Further, the solid oxide fuel 
cell according to the first aspect of the present invention, 
which has a fuel cell stack formed by alternately laminating 
the power generation cells and the separators and which Sup 
plies reactive gas to each of the power generation cells so as 
to generate power generation reaction, is characterized in that 
the separator for fuel cell according to the first aspect of the 
present invention is used as the separator of the fuel cell Stack. 
0014. Here, the above described separator can be consti 
tuted, for example, in Such a manner that a hollow part for 
receiving the reactive gas is provided, and that the reactive gas 
is guided to each of the gas discharge ports via the hollow part. 
0015 The method for arranging the above described gas 
discharge ports includes, for example, a method for arranging 
the gas discharge ports along multiple virtual lines radially 
extended from a position of a gas inlet, respectively, a method 
for arranging the gas discharge ports along multiple virtual 
concentric circles centered at the gas inlet, respectively, a 
method for arranging the gas discharge ports along multiple 
virtual lines radially extended from the centerpart of the layer 
Surface, and a method for arranging the gas discharge ports 
along multiple virtual concentric circles having a center in the 
center part of the layer Surface, respectively. 
0016. Alternatively, the separator may be arranged to be 
provided with an inner flow passage for guiding the reactive 
gas so that the gas discharge ports are formed along the inner 
flow passage. In this case, the inner flow passage can be 
formed as a spiral flow passage having a starting point in the 
outer peripheral part of the separator, or as a flow passage 
deflected in a ZigZag state from one end toward the other end 
in the radial direction of the layer surface. Further, the inner 
flow passage can be formed by multiple flow passages radi 
ally branched from the gas inlet in the outer peripheral part. In 
any case, the hole diameter of the gas discharge ports is 
preferably set to become large from the upstream side toward 
the downstream side of the inner flow passage. 
0017. Further, the wall surface of the hollow part and the 
inner flow passage is preferably Subjected to an aluminum 
diffusion coating treatment for making aluminum diffused 
and penetrated. 
0018. According to the first aspect of the present inven 

tion, multiple gas discharge ports are provided on approxi 
mately whole area of the layer surface of the separator, and the 
reactive gas (fuel gas, oxidizer gas) is made to be discharged 
like a shower from the gas discharge ports toward the power 
generation cell, as a result of which the gas concentration on 
the cell face can be made uniform. Therefore, deviation in the 
electrode reaction can be suppressed and current density 
within the cell can be made uniform, with the result that the 
output power density per unit area is increased so as to enable 
the power generation efficiency of the power generation cell 
as a whole to be remarkably improved, and that temperature 
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distribution within the cell face is made uniform so as to 
prevent mechanical failure by thermal stress in the power 
generation cell. 
(0019. Further, the wall surface of the hollow part and the 
inner flow passage of the separator, which Surface is exposed 
to the reactive gas, are Subjected to the aluminum diffusion 
coating treatment, so that it is possible to remarkably improve 
high temperature corrosion resistance of the wall Surface, and 
to prevent deterioration of the separator caused by oxidization 
and carburization. 
0020. The separator for fuel cell according to a second 
aspect of the present invention, which is formed by laminat 
ing multiple plate-shaped members including a plate-shaped 
member provided with a groove hole (or a slit), and in which 
the opening of the groove hole is made to be covered by 
laminating the plate-shaped members and thereby the inner 
flow passage for guiding the reactive gas is formed, is char 
acterized in that an iron based alloy, a nickelbased alloy or a 
chromium based alloy is used as a base material of the plate 
shaped member, and the both surfaces of the base material are 
plated with silver, a silver alloy, copper or a copper alloy, or in 
that an iron based alloy, a nickel based alloy or a chromium 
based alloy is used as a base material of the plate-shaped 
member, and each one of the surfaces of the multiple plate 
shaped members which are brought into contact with each 
other at the time of lamination, is plated with silver, a silver 
alloy, copper or a copper alloy. Further, the solid oxide fuel 
cell according to the second aspect of the present invention, 
which has a fuel cell stack formed by alternately laminating 
the power generation cells and the separators and which Sup 
plies the reactive gas to each of the power generation cells to 
generate power generation reaction, is characterized by using 
the separator for fuel cell according to the second aspect of the 
present invention as the separator of the fuel cell Stack. 
0021 Here, as a method for producing the above described 
separator, it is possible to adopt a method comprising: plating 
one or both surfaces of an iron based alloy, a nickel based 
alloy or a chromium based alloy used as the base material of 
the plate-shaped members, with silver, a silver alloy, copper, 
or a copper alloy; forming the plate-shaped members by 
pressing the base material, respectively; and thereafter lami 
nating the formed plate-shaped members and making the 
plate-shaped members mutually joined and integrated by 
softening or melting the plated material on the layer Surface. 
0022. Note that instead of the plating treatment using sil 
ver, a silver alloy, copper or a copper alloy, the aluminum 
diffusion coating treatment for making aluminum dispersed 
and penetrated through the Surface of the base material made 
of an iron based alloy, a nickel based alloy or a chromium 
based alloy, may be arranged to be applied to the wall Surface 
of the inner flow passage. 
0023. According to the second aspect of the present inven 
tion, all the Surfaces exposed to the fuel gas, which include not 
only the surface of the separator but also the wall surface of 
the inner flow passage and the like, are plated with silver, 
copper, or one of silver and copper alloys, as a result of which 
carburizing resistance of the separator can be remarkably 
improved, and deterioration of the separator caused by car 
burization can be suppressed even when methane gas and the 
like is used as the fuel gas. 
0024. Further, one or both surfaces of the plate-shaped 
member are arranged to be plated with silver, copper, or one 
of silver and copper alloys, so that the plate-shaped members 
can be easily joined to each other by Softening or melting the 
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plating material on the layer Surface of the plate-shaped mem 
bers by heating the separator, as a result of which the produc 
tion efficiency of the separator can be improved. 
0025. Further, the wall surface of the inner flow passage is 
arranged to be subjected to the aluminum diffusion coating 
treatment instead of the plating treatment of silver, copper, or 
one of silver and copper alloys, so that high temperature 
corrosion resistance of the separator can be further improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026 FIG. 1 is an exploded perspective view showing a 
first embodiment of a solid oxide fuel cell according to the 
present invention; 
0027 FIG. 2 is a longitudinal sectional view showing the 
separator in FIG. 1; 
0028 FIG. 3 is a longitudinal sectional view showing the 
end plate in FIG. 1; 
0029 FIG. 4 is a plan view showing an example of an 
arrangement pattern of gas discharge ports; 
0030 FIG. 5 is a plan view showing an example of an 
arrangement pattern of gas discharge ports; 
0031 FIG. 6 is a plan view showing an example of an 
arrangement pattern of gas discharge ports; 
0032 FIG. 7 is a plan view showing an example of an 
arrangement pattern of gas discharge ports; 
0033 FIG. 8 is a plan view showing a modification of the 
separator in FIG. 2; 
0034 FIG. 9 is a plan view showing a modification of the 
separator in FIG. 2; 
0035 FIG. 10 is a plan view showing a modification of the 
separator in FIG. 2; 
0036 FIG. 11 is a constitution figure showing a major 
portion of a second embodiment of the solid oxide fuel cell 
according to the present invention; 
0037 FIG. 12 is an exploded perspective view showing 
the separator in FIG. 11; and 
0038 FIG. 13 is an explanatory view showing an example 
of a plating treatment of plate-shaped members. 

DETAILED DESCRIPTION OF THE INVENTION 

First Embodiment 

0039 FIG. 1 shows a first embodiment of a solid oxide fuel 
cell according to the present invention, and reference numeral 
1 in FIG. 1 denotes a fuel cell stack. As shown in FIG. 1, the 
fuel cell stack 1 has a constitution formed by laminating in 
order a power generation cell 5 in which a fuel electrode layer 
3 and an air electrode layer 4 are arranged on both Surfaces of 
a solid electrolyte layer 2, a fuel electrode current collector 6 
on the outer side of the fuel electrode layer 3, an air electrode 
current collector 7 on the outer side of the air electrode layer 
4, separators 8, (the uppermost and lowermost layer of which 
are formed as end plates 9), on the outer side of each of the 
current collectors 6, 7. In the fuel cell stack 1, a seal-less 
structure in which a gas leakage prevention seal is not par 
ticularly provided in the outer peripheral part of the power 
generation cell 5 is adopted. 
0040. Here, the solid electrolyte layer 2 is formed of sta 
bilized zirconia (YSZ) doped with yttria, and the like. The 
fuel electrode layer 3 is formed of a metal such as Ni, Co, or 
a cermet such as Ni YSZ, Co YSZ. The air electrode layer 
4 is formed of LaMnO, LaCoO and the like. The fuel elec 
trode current collector 6 is formed of a sponge-like porous 
sintered metallic plate such as a Ni-based alloy, and the air 
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electrode current collector 7 is formed of a sponge-like 
porous sintered metallic plate Such as an Ag-based alloy. 
0041. The separator 8 is formed into an approximately 
disk shape by using stainless steel and the like. As shown in 
FIG. 2, first and second hollow parts 10a, 10b are provided 
inside the separator 8, and these hollow parts 10a, 10b are 
separated by a partition wall 14. A gas inlet 11a which intro 
duces fuel gas into the first hollow part 10a from a manifold 
for fuel (not shown), and a gas inlet 11b which introduces air 
as oxidizer gas into the second hollow part 10b from a mani 
fold for oxidizer (not shown) are provided in the outer periph 
eral part of the separator 8. Further, multiple gas discharge 
ports 12a, 12b for discharging reactive gas introduced from 
the gas inlets 11a, 11b into each of the hollow parts 10a, 10b, 
are provided on layer Surfaces (Surfaces facing the power 
generation cells 5) 18a, 18b of the separator 8 so as to be 
spread on approximately whole area of the layer Surface, and 
thereby the reactive gas is discharged like a shower toward the 
power generation cell 5 from the gas discharge ports 12a, 12b. 
Note that in the case of the end plate 9, as shown in FIG.3, one 
of the first and second hollow parts 10a, 10b is provided in the 
end plate, and multiple gas discharge ports 12a, 12b are 
provided on the face adjacent to the current collectors 6, 7. 
0042. In the present embodiment, stainless steel (an iron 
based alloy) is used as a base material of the separator 8, and 
an aluminum diffusion coating treatment is applied to the wall 
surface (the surface of the base material) of the first hollow 
part 10a and the second hollow part 10b which are formed in 
the separator 8. The aluminum diffusion coating treatment 
which is a metal Surface treatment for making aluminum 
diffused and penetrated through the surface of the base mate 
rial and thereby forming a Fe Al alloy layer, is performed, 
for example, in Such a manner that the base material is filled 
into a steel sealed case along with a mixing agent consisting 
of Fe—Al alloy powder and NHCl powder so as to be heat 
treated. The Fe—Al alloy layer enables high temperature 
oxidation resistance and carburizing resistance of the wall 
surface to be remarkably improved. 
0043. As the arrangement pattern of the gas discharge 
ports 12 (12a, 12b), for example, arrangement patterns as 
shown in FIG. 4 to FIG. 7 can be adopted. 
0044. In the separator 8A shown in FIG. 4, the gas dis 
charge ports 12 are arranged along multiple virtual lines L 
radially extending from the position of the gas inlet 11 (11a. 
11b), or along multiple virtual concentric circles (circular arc) 
C centered at the gas inlet 11. That is, in the separator 8A, the 
gas discharge ports 12 are arranged at positions where each of 
the virtual lines L and each of the virtual concentric circles C 
cross with each other. In the separator 8A, the angle formed 
by the virtual lines L adjoining to each other is set to be 
constant, and the interval between the concentric circles C 
adjoining to each other is set to be constant. Further, three 
kinds of large, medium and Small hole diameters are prepared 
for the gas discharge ports 12, and the hole diameter of the gas 
discharge port 12 is set so as to become large as the gas 
discharge port is separated apart from the gas inlet 11. That is, 
each of the hole diameters is set So as to make the gas dis 
charge quantity of each of the gas discharge ports 12 constant. 
0045. Further, in the separator 8B shown in FIG. 5, the gas 
discharge ports 12 are provided at positions where each of the 
virtual lines L and each of the virtual concentric circles C 
cross with each other, similarly to the separator 8A shown in 
FIG. 4. In the separator 8B shown in FIG. 5, in which a line 
segment passing through the gas inlet 11 and the center point 
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P of the separator 8B is set as a first line segment 11, and in 
which a line segment perpendicularly intersecting the first 
line segment 11 at the center point P and having a length 
corresponding to the diameter of the hollow part 10 is set as a 
second line segment 12, a multiple virtual lines L are radially 
drawn from the gas inlet 11 So as to pass through each of 
dividing points for dividing the second line segment 12 at an 
equal interval. Further, in the separator 8B, the gas discharge 
ports 12 are also provided on auxiliary line segments H 
extending from the dividing points in the outer circumferen 
tial direction (the direction of points at which the outer cir 
cumference of the hollow part 10 intersects the virtual lines 
L). 
0046. On the other hand, in the separators 8C, 8D shown in 
FIG. 6 and FIG. 7, the gas discharge ports 12 are respectively 
arranged along multiple virtual lines L radially extending 
from the center part of the separators 8C, 8D, or along the 
multiple virtual concentric circles Chaving their center in the 
centerpart of the separators 8C, 8D. In the separators 8C, 8D, 
the angle formed by virtual lines L adjoining to each other is 
set to be constant, and the interval between the virtual con 
centric circles C adjoining to each other is also set to be 
constant. Further, two kinds of large and Small hole diameters 
are prepared for the gas discharge ports 12, so that the gas 
discharge ports having the Small hole diameter are used for 
the gas discharge ports 12 existing in a region R1 on the side 
of the gas inlet 11 of the two regions into which the separator 
is divided by the second line segment 12 as a boundary, and 
for the gas discharge ports 12 on the second virtual line 
segment, while the gas discharge ports having the large hole 
diameterare used for the gas discharge ports 12 existing in the 
region R2 opposite to the gas inlet 11. That is, the hole 
diameter of the gas discharge port 12 is set so as to become 
large as the distance between the gas dischargeport 12 and the 
gas inlet 11 increases. 
0047. Further, as the separator 8, instead of the hollow 
parts 10a, 10b, it is possible to use a separator which has an 
inner flow passage 13 for guiding reactive gas, and which is 
provided with gas discharge ports 12 along the inner flow 
passage 13, as shown in FIGS. 8 to 10. 
0048. In the separator 8E shown in FIG. 8, the inner flow 
passage 13 is formed to be a spiral flow passage which has a 
starting point in the outer peripheral part, while in the sepa 
rator 8F shown in FIG.9, the inner flow passage 13 is formed 
in a ZigZag manner from one end to the other end in the radial 
direction of the layer surface. Further, in the separator 8G 
shown in FIG. 10, the inner flow passage 13 is formed by 
multiple flow passages branched radially from the gas inlet 11 
provided in the outer peripheral part. In any of the separators 
8E, 8F, 8G, the hole diameter of the gas discharge port 12 is 
set to become large in stages from the upstream side toward 
the downstream side of the inner flow passage 13. 
0049. Further, also in the separators 8E, 8F, 8G, the above 
described aluminum diffusion coating treatment is applied to 
the wall surface of the inner flow passage 13. 
0050. In the solid oxide fuel cell constituted as described 
above, the fuel gas introduced into the first hollow part 10a of 
the separator 8 from the manifold for fuel via the gas inlet 11a 
in the outer peripheral part of the separator, is discharged like 
a shower toward the fuel electrode current collector 6 from a 
number of gas discharge ports 12a provided on approxi 
mately whole area on one layer surface 18a of the separator 8. 
while the oxidizer gas introduced into the second hollow part 
10b of the separator 8 from the manifold for oxidizer via the 
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gas inlet 11b in the outer peripheral part of the separator 8, is 
discharged like a shower toward the air electrode current 
collector 7 from a number of gas discharge ports 12b provided 
on approximately whole area on the other layer surface 18b of 
the separator 8. As a result, the fuel gas and the oxidizer gas 
are made to spread over the entire surfaces of the fuel elec 
trode layer 3 and the air electrode layer 4 in uniform distri 
bution, so that power generation reaction can be uniformly 
performed on the electrode-electrolyte interface. 
0051. As described above, according to the present 
embodiment, multiple gas discharge ports 12 are provided on 
approximately whole area of the layer Surface of the separator 
8, and the reactive gas (fuel gas, oxidizergas) is arranged to be 
discharged like a shower from the gas discharge ports 12 
toward the current collectors 6, 7 and each of the electrodes of 
the power generation cell 5 provided at the side next to the 
current collectors, as a result of which the gas concentration 
on the cell face can be made uniform. Therefore, the deviation 
in the electrode reaction can be suppressed, and the current 
density within the cell can be made uniform, with the result 
that the output power density per unit area can be increased 
and thereby the power generation efficiency of the power 
generation cell 5 as a whole can be remarkably improved, and 
that the temperature within the cell can be made uniform and 
thereby failure of the power generation cell 5 due to thermal 
stress can be prevented. 
0052. Note that the present embodiment is constituted 
Such that multiple gas discharge ports 12 are provided on both 
of the layer surfaces 18a, 18b of the separator 8, respectively, 
but the present invention is not limited to this constitution. 
The present embodiment can also be constituted, for 
example, in Such a manner that multiple gas discharge ports 
12 are provided on one layer surface (fuel electrode side), and 
one gas discharge port 12 is provided in the centerpart of the 
other layer surface (air electrode side). 

Second Embodiment 

0053 FIG. 11 shows a second embodiment of the solid 
oxide fuel cell according to the present invention, in which the 
same components as those in the above described first 
embodiment are denoted by the same reference numerals and 
the explanation thereof is simplified. 
0054 The fuel cell stack 1 according to the present 
embodiment has a seal-less structure similar to the above 
described first embodiment, and has a constitution formed by 
laminating in order a power generation cell 5 in which a fuel 
electrode layer 3 and an air electrode layer 4 are arranged on 
both faces of a solid electrolyte layer 2, a fuel electrode 
current collector 6 on the outer side of the fuel electrode layer 
3, an air electrode current collector 7 on the outer side of the 
air electrode layer 4, and separators 8 (the uppermost and 
lowermost layers of which are formed as end plates 9) on the 
outer side of each of the current collectors 6, 7. 
0055. The separator 8 has a function to electrically con 
nect the power generation cells 5 to each other, and to Supply 
reactive gas to the power generation cells 5, and is provided 
with an inner flow passage 20a for introducing fuel gas from 
a manifold 31 for fuel and for discharging the fuel gas from 
the surface facing the fuel electrode layer 3, and with an inner 
flow passage 20b for introducing oxidizer gas from a mani 
fold 32 for oxidizer and for discharging the oxidizer gas from 
the Surface facing the air electrode layer 4, respectively. 
0056. The separator 8H according to the present embodi 
ment is constituted by laminating first to third plate-shaped 
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members 21, 22, 23 formed into an approximately disk-like 
shape, as shown in FIG. 12. A stainless steel plate (iron based 
alloy) is used as a base material of the plate-shaped members 
21, 22, 23, and both faces of the stainless steel plate are plated 
with silver or copper, (or can also be plated with a silver alloy 
or a copper alloy). 
0057. In the first plate-shaped member 21, a first spiral 
groove hole (or spiral slit) 24 leading from one radial end to 
the center part and a second spiral groove hole (or spiral slit) 
25 leading from the other radial end to the center part are 
formed so as not to intersect with each other. These first and 
second groove holes 24, 25 are open in the lamination direc 
tion of the plate-shaped member, respectively. 
0058. In the second plate-shaped member 22, a fuel gas 
discharge port 26 penetrating in the lamination direction is 
provided at a position corresponding to the end part 24a of the 
first groove hole 24. In the third plate-shaped member 23, an 
oxidizer gas discharge port 27 penetrating in the lamination 
direction is provided at a position corresponding to the end 
part 25a of the second groove hole 25. 
0059. In the state where the first to third plate-shaped 
members 21, 22.23 are laminated, the opening of the first and 
second groove holes 24, 25 are covered with the second and 
third plate-shaped members 22, 23, so that inner flow pas 
sages 20a, 20b of fuel gas and oxidizer gas are formed, 
respectively, while the fuel gas discharge port 26 and the 
oxidizergas discharge port 27 are formed in the central part of 
the both end faces adjacent to the current collectors 6, 7 in the 
state of communicating with the inner flow passages 20a, 
20b, respectively. 
0060. In order to manufacture the above described sepa 
rator 8H, first, nickel plating for forming a layer serving as a 
base is applied to both surfaces of a stainless steel (SUS) roll, 
and thereafter silver or copper plating is applied on the nickel 
plating layer. Then, the SUS roll subjected to the silver or 
copper plating is Supplied to a press machine, so that the first 
to third plate-shaped members 21, 22, 23 which have the 
groove holes 24, 25 or which have the fuel gas dischargeports 
26, 27, are formed by punching operation using the press 
machine, respectively. Then, the first to third plate-shaped 
members 21, 22, 23 which are formed by the punching opera 
tion are laminated and Subjected to heat treatment, so as to 
soften or melt the plating material on the layer Surfaces, as a 
result of which the plate-shaped members 21, 22, 23 are 
joined to each other. Consequently, the separator 8H which is 
formed by integrating the first to third plate-shaped members 
21, 22, 23, can be produced. Note that in the above described 
producing method, the first to third plate-shaped members 21, 
22, 23 are formed by punching operation after being Sub 
jected to silver or copper plating, but, for example, the silver 
or copper plating can also be applied after the punching 
operation is performed. This enables a thin film to be formed 
on the wall surface of the groove holes and the like by the 
plating. Further, in the producing method, the nickel plating is 
arranged to be applied to both surfaces of the SUS roll as a 
base, but when copper is used as the material plated on the 
surface of the first to third plate-shaped members 21, 22, 23. 
or when a nickel based alloy is used as the base material, the 
nickel plating for forming the base can also be omitted. Fur 
ther, in the above described producing method, the groove 
holes 24, 25 and the gas discharge ports 26, 27 of the first to 
third plate-shaped members 21, 22, 23 are formed by the 
punching operation using the press machine. However, the 
producing method according to the present invention is not 
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limited to this method, and the groove holes 24, 25 and the gas 
discharge ports 26, 27 can be formed by etching as well. 
0061. Note that in the case of the end plate 9, the inner flow 
passage 20a for the fuel gas or the inner flow passage 20b for 
the oxidizer gas can be formed similarly to the above 
described separator 8H, by laminating the plate-shaped mem 
ber in which the first groove hole 24 or the second groove hole 
25 is formed, the plate-shaped member which completely 
close one opening (upper face opening or lowerface opening) 
of the groove holes formed on the plate-shaped member, and 
the plate-shaped member in which the fuel gas discharge port 
26 or the oxidizer gas discharge port 27 are formed, respec 
tively. 
0062. In the solid oxide fuel cell constituted as described 
above, the fuel gas introduced into the inner flow passage 20a 
of the separator 8 from the manifold for fuel 31 is discharged 
from the gas discharge port 26 provided in the center part of 
one end surface of the separator 8 toward the fuel electrode 
current collector 6, while the air as the oxidizer gas intro 
duced into the inner flow passage 20b of the separator 8 from 
the manifold for oxidizer 32 is discharged from the gas dis 
charge port 27 provided in the center part of the other end 
surface of the separator 8 toward the air electrode current 
collector 7. As a result, the fuel gas and the oxidizer gas are 
made to spread in excellent distribution over the entire surface 
of the fuel electrode layer 3 and the air electrode layer 4, while 
being diffused in the outer peripheral direction of the power 
generation cell 5, so that power generation reaction is gener 
ated in each of the electrodes. 

0063 As described above, according to the present 
embodiment, a stainless steel plate (iron based alloy) is used 
as a base material of the plate-shaped members 21, 22, 23, and 
both surfaces of the stainless steel plate are plated with silver 
or copper, so that all parts including not only the Surface of 
separator 8 but also the wall surface of the inner flow passages 
20a, 20b and the like, which are exposed to the fuel gas, are 
covered with a thin film of silver or copper. Thereby, the 
carburizing resistance of the separator 8 can be remarkably 
improved and deterioration of the separator 8 caused by car 
burization can be prevented, even in the case where methane 
gas and the like is used as the fuel gas. Further, both Surfaces 
of the plate-shaped members 21, 22, 23 are arranged to be 
plated with silver or copper, so that the plate-shaped members 
21, 22, 23 can be easily joined to each other by softening or 
melting the silver or copper plated on the layer Surface of 
plate-shaped members 21, 22, 23 by heating the separator 8. 
Thereby, the production efficiency of the separator 8 can also 
be improved. 
0064. Further, in the above described embodiment, both 
surfaces of all the plate-shaped members 21, 22, 23 to be 
laminated are arranged to be plated with silver or copper, but, 
as shown as an example in FIG. 13, a silver or copper plating 
layer 28 may be arranged to be formed only on each one of the 
surfaces of the multiple plate-shaped members 21, 22, 23 
which are brought into contact with each other at the time of 
lamination. Note that even when each of the plate-shaped 
members has such one-side plating structure, the plate 
shaped members can be joined to each other by softening or 
melting the plating layer 28 by heating the separator 8, simi 
larly to the above described case. According to Such method, 
it is possible to reduce the plating area of the plate-shaped 
members 21, 22, 23 (that is, the use amount of plating mate 
rial), and thereby to reduce the cost. 
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0065. Further, in the present embodiment, as to the wall 
Surface of the inner flow passage (namely, of the first groove 
hole 24, the second groove hole 25, the fuel gas discharge port 
26, the oxidizer gas discharge port 27) particularly exposed to 
reactive gas, the surface of the iron based alloy which is the 
base material of the wall surface may be arranged to be 
Subjected to an aluminum diffusion coating treatment, instead 
of the silver or copper plating treatment as described above. 
The aluminum diffusion coating treatment is a metal Surface 
treatment which makes aluminum diffused and penetrated 
through the surface of the base materialso as to form a Fe Al 
alloy layer, and which is performed, for example, in Such a 
manner that the base material is filled in a steel sealed case 
along with a mixing agent consisting of Fe—Al alloy powder 
and NHCl powder so as to be heat-treated. The Fe—Al alloy 
layer formed in this way enables the high temperature oxida 
tion resistance and the carburizing resistance of the separator 
to be further improved. 
0066 Note that the aluminum diffusion coating treatment 
may be applied to each of the first to the third plate-shaped 
members 21, 22, 23 before the plate-shaped members are 
laminated in the above described production process of the 
separator 8, or may be performed after the inner flow passage 
is formed by laminating and joining the first to the third 
plate-shaped members 21, 22, 23. 
0067 Further, in the present embodiment, the separator 
8H is arranged to be formed by laminating the first to the third 
plate-shaped members 21, 22, 23, but the lamination number 
of the plate-shaped members is not limited to three. The 
lamination number may be four or more. Further, in the 
present embodiment, the first and the second groove holes 24. 
25 are collectively formed on one plate-shaped member, but 
may be separately formed on different plate-shaped mem 
bers. 

0068. Further, in the present embodiment, the separator 
8H which has a gas discharge port in the center part of each 
layer Surface (Surface facing the power generation cell 5) is 
exemplified, but the present invention is not limited to this. 
For example, as shown in FIG. 4 to FIG. 10, also in the case 
of the separators 8A, 8B, 8C, 8D, 8E, 8F, 8G which have 
multiple gas discharge ports formed on approximately whole 
area of the layer Surface, the separator can be similarly con 
stituted by laminating multiple plate-shaped members which 
are formed by making one or both Surfaces of the base mate 
rial made of an iron based alloy, a nickel based alloy or a 
chromium based alloy plated with silver, a silver alloy, cop 
per, or a copper alloy, (for example, the plate-shaped member 
in which multiple gas discharge ports 12a are formed, the 
plate-shaped member in which the hollow part 10a or the 
groove hole corresponding to the inner flow passage 13 is 
formed, the plate-shaped member constituting the partition 
wall 14, the plate-shaped member in which the hollow part 
10b or the groove hole corresponding to the inner flow pas 
sage 13 is formed, the plate-shaped member in which mul 
tiple gas discharge ports 12b are formed, and the like). 
0069. According to the present invention, gas concentra 
tion on the cell face can be made uniform and thereby the 
power generation efficiency can be improved, while the tem 
perature distribution within the cell can also be made uniform 
and thereby failure of the power generation cell can be pre 
vented. Further, deterioration caused by carburization can be 
Suppressed, even in the case where a hydrocarbon compound, 
Such as methane, is used as the fuel gas. Therefore, the dura 
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bility of the separator can be improved, so that the separator 
and the solid oxide fuel cell can be used stably over a long 
period. 

1. A separator for fuel cell which is arranged in alternate 
lamination with a power generation cell and has gas discharge 
ports, for discharging reactive gas, on a layer Surface thereof, 

wherein the multiple gas discharge ports are provided on 
approximately whole area of the layer Surface and the 
reactive gas is made to be discharged like a shower from 
the gas discharge ports toward the power generation cell. 

2. The separator for fuel cell according to claim 1, com 
prising a hollow part for receiving the reactive gas, wherein 
the reactive gas is made to be guided to each of the gas 
discharge ports via the hollow part. 

3. The separator for fuel cell according to claim 2, com 
prising a gas inlet for introducing the reactive gas into the 
hollow part, wherein the gas discharge ports are arranged 
along multiple virtual lines radially extended from the posi 
tion of the gas inlet, respectively. 

4. The separator for fuel cell according to claim 2, com 
prising a gas inlet for introducing the reactive gas into the 
hollow part, wherein the gas discharge ports are arranged 
along multiple virtual concentric circles centered at the gas 
inlet, respectively. 

5. The separator for fuel cell according to claim 2, wherein 
the gas discharge ports are arranged along multiple virtual 
lines radially extended from the center part of the layer sur 
face, respectively. 

6. The separator for fuel cell according to claim 2, wherein 
the gas discharge ports are arranged along multiple virtual 
concentric circles having a center in the center part of the 
layer Surface, respectively. 

7. The separator for fuel cell according to claim 1, com 
prising an inner flow passage for guiding the reactive gas, 
wherein the gas discharge ports are provided along the inner 
flow passage. 

8. The separator for fuel cell according to claim 7, wherein 
the hole diameter of the gas discharge ports is set to become 
large from the upstream side toward the downstream side of 
the inner flow passage. 

9-11. (canceled) 
12. The separator for fuel cell according to claim 2, 

wherein the wall surface of the hollow part is subjected to an 
aluminum diffusion coating treatment for making aluminum 
diffused and penetrated. 

13. The separator for fuel cell according to claim 7. 
wherein the wall surface of the inner flow passage is subjected 
to an aluminum diffusion coating treatment for making alu 
minum diffused and penetrated. 

14. The separator for fuel cell according to claim 1, com 
prising a structure formed by laminating multiple plate 
shaped members including a plate-shaped member provided 
with a groove hole, in which the plate-shaped members are 
laminated to cover the opening of the groove hole and thereby 
an inner flow passage or a hollow part for guiding the reactive 
gas is formed, and 

in which an iron based alloy, a nickel based alloy or a 
chromium based alloy is used as a base material of the 
plate-shaped member, and one or both surfaces of the 
base material are plated with silver, a silver alloy, copper 
or a copper alloy. 

15. A separator for a fuel cell which is arranged in alternate 
lamination with a power generation cell and has gas discharge 
ports, for discharging reactive gas, on a layer Surface thereof, 
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wherein the multiple gas discharge ports are provided on 
approximately the whole area of the layer Surface and 
the reactive gas is made to be discharged like a shower 
from the gas discharge ports toward the power genera 
tion cell, a structure is formed by laminating multiple 
plate-shaped members including a plate-shaped mem 
ber provided with a groove hole, in which the plate 
shaped members are laminated to cover the opening of 
the groove hole and thereby an inner flow passage or a 
hollow part for guiding the reactive gas is formed, and 

in which an iron based alloy, a nickel based alloy or a 
chromium based alloy is used as a base material of the 
plate-shaped member, 

wherein the wall surface of the inner flow passage or the 
hollow part includes an aluminum diffusion coating 
treatment which enables aluminum to be dispersed and 
to penetrate through the surface of the base material. 

16. A solid oxide fuel cell, which has a fuel cell stack 
formed by alternately laminating power generation cells and 
separators and which Supplies reactive gas to each of the 
power generation cells to generate power generation reaction, 
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wherein the separator comprises the multiple gas discharge 
ports which are provided on approximately whole area 
of a layer Surface thereof, and is constituted to discharge 
the reactive gas like a shower from the gas discharge 
ports toward the power generation cell. 

17-22. (canceled) 
23. The separator for fuel cell according to claim 1, 

wherein 
the discharge ports include a plurality of first discharge 

ports and a plurality of second discharge ports, the diam 
eter of each of the first discharge ports being Smaller than 
the diameter of each of the second discharge ports. 

24. The separator for fuel cell according to claim 23, 
wherein 

the discharge ports include a plurality of third discharge 
ports, the diameter of each of the third discharge ports 
being larger than the diameter of each of the second 
discharge ports. 


