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(57) ABSTRACT

A fuel electrode catalyst for fuel cell excellent in CO poison-
ing resistance, an electrode/membrane assembly using the
fuel electrode catalyst for fuel cell, and a fuel cell and a fuel
cell system including the electrode/membrane assembly are
provided. The fuel electrode catalyst for fuel cell comprises a
platinum-ruthenium first alloy catalyst and a second alloy
catalyst obtained by partially substituting ruthenium of the
platinum-ruthenium first alloy catalyst by a metal lower dis-
solving potential than ruthenium. The electrode/membrane
assembly 7 comprises three layers of a second alloy catalyst
layer 3, a first alloy catalyst layer 4, and a ruthenium catalyst
layer 5 arranged in this order from a polymer electrolytic
membrane 1 side toward a gas diffusion layer 13 side.
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FUEL ELECTRODE CATALYST FOR FUEL
CELL, ELECTRODE/MEMBRANE
ASSEMBLY, AND FUEL CELL AND FUEL
CELL SYSTEM PROVIDED WITH THE
ELECTRODE/MEMBRANE ASSEMBLY

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a fuel electrode
catalyst for fuel cell, an electrode/membrane assembly, and a
fuel cell and a fuel cell system provided with the electrode/
membrane assembly, which are excellent in carbon monoxide
(CO) poisoning resistance.

[0003] 2. Description of the Related Art

[0004] Inrecent years, fuel cells have attracted attention as
a high-efficiency generator. The fuel cells are roughly classi-
fied, according to the type of electrolyte used, into a low-
temperature operating fuel cell such as alkali type, polymer
type or phosphoric acid type and a high-temperature operat-
ing fuel cell such as molten carbonate type or solid oxide type.
Among them, a polymer fuel cell using an ion-conductive
polymer electrolyte membrane as the electrolyte has attracted
particular attention as power sources for various purposes
including domestic use since a high power density can be
obtained in spite of a small size thereof.

[0005] FIG.7is an exploded sectional view showing a basic
structure of a unit cell in such polymer type fuel cell.

[0006] An electrode/membrane assembly is formed by
bonding an air electrode catalyst layer 32 and a fuel electrode
catalyst layer 33 each formed using a platinum carbon-sup-
ported catalyst to both principal surfaces of a polymer elec-
trolyte membrane 31, respectively.

[0007] An air electrode-side gas diffusion layer 34 and a
fuel electrode-side gas diffusion layer 35 each having a struc-
ture in which carbon paper is coated with a mixture of carbon
black and polytetrafluoroethylene (PTFE) are disposed in
opposition to the air electrode catalyst layer 32 and to the fuel
electrode catalyst layer 33, respectively. An air electrode 36
and a fuel electrode 37 are thereby constituted.

[0008] The gas diffusion layers 34 and 35 have the function
of conducting electric current to the outside in addition to the
function of passing an oxidizer gas (e.g., air) and a fuel gas,
for example, mainly hydrogen, an alcoholic fuel such as
methanol or a reformed gas mainly composed of hydrogen
which is obtained by reforming a hydrocarbon fuel such as
natural gas, city gas, LPG or butane. A unit cell 41 is formed
by sandwiching the gas diffusion layer 34 and the gas diffu-
sion layer 35 by one set of separators 40 formed of a conduc-
tive and gas-impermeable material, each of the separators
including a gas flow passage 38 for distributing reaction gas,
formed on the principal surface facing the gas diffusion layer
34 or the gas diffusion layer 35, and a cooling water flow
passage 39 for distributing cooling water, formed on the other
principal surface.

[0009] FIG. 8 is a sectional view showing a basic structure
of a polymer fuel cell stack. A number of unit cells 41 are
laminated, and the laminated cells are sandwiched between
collector plates 42 and further between insulating plates 43
for electric insulation and thermal insulation, clamped by
clamp plates 44 for retaining the laminated state with loading,
and fastened together by bolts 45 and nuts 47, with the clamp
load being applied by disc springs 46.

[0010] When a fuel gas containing hydrogen and an oxi-
dizer gas containing oxygen such as air are supplied to the
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fuel electrode 37 and to the air electrode 36, respectively, a
fuel electrode reaction for resolving a hydrogen molecule to
hydrogen ions (protons) and electrons takes place in the fuel
electrode 37, and an electrochemical reaction for generating
water from the oxygen, the hydrogen ions and the electrons
takes place in the air electrode 36, whereby electric power is
consequently supplied to a load by the electrons moving in an
external circuit from the fuel electrode to the air electrode,
while water is generated on the air electrode side.

Fuel electrode; H,—>2H"+2e™ (Fuel electrode reaction)

Air electrode; 2H*+(¥2)Ox+2e™—H,0 (Air electrode reaction)

Overall; Hy+(¥2)0,—H,0

[0011] The hydrocarbon fuel such as natural gas or city gas
contains sulfur, and a reformed gas mainly composed of
hydrogen, which is obtained by reforming such fuel, contains
carbon monoxide (CO). Therefore, when such reformed gas
is directly supplied to the fuel electrode of a cell, platinum
catalyst is poisoned thereby. The poisoning of the catalyst by
CO inhibits the reaction in the fuel electrode, resulting in
deterioration of cell performance.

[0012] Therefore, a fuel cell power generation system as a
small power source including a desulfurizer, a reformer (RF),
a CO converter (SH) for converting carbon monoxide, a CO
remover (PROX) for removing carbon monoxide, and a fuel
cell for generating electric power through chemical reaction
of the resulting hydrogen (reformed gas) with an oxidizer
such as atmospheric oxygen is proposed (refer to, for
example, Japanese Patent Application Laid-Open Nos. 2003-
217620, 2003-217623, and 2000-277137).

[0013] FIG. 9 shows a conventional fuel cell power genera-
tion system.
[0014] A conventional fuel cell power generation system

51 comprises, as shown in FIG. 9, a desulfurizer 54, which
desulfurizes hydrocarbon fuel gas such as natural gas, city
gas, methanol, LPG or butane supplied thereto through a raw
fuel gas supply line 53 provided with a raw fuel gas on-off
valve 52; a fuel reforming device 60 [reformer (RF)/CO con-
verter (SH)/CO remover (PROX)], which reforms the des-
ulfurized fuel gas desulfurized in the desulfurizer 54 and then
supplied thereto through a desulfurized gas supply line 59
provided with a desulfurized fuel gas on-off valve 55 into a
hydrogen-rich reformed gas with reduced CO concentration
by use of steam vaporized in a vaporizer 58 by supplying
water thereto through a shut-off valve 57 and then supplied
thereto through a check valve 59; and a fuel cell 63, which
generates an electric power by electrochemically reacting the
reformed gas obtained in the fuel reforming device 60 and
then supplied to a fuel electrode (AN) through a reformed gas
supply line 62 provided with a reformed gas on-off valve 61
with atmospheric oxygen supplied to an air electrode (CA).

[0015] The fuel cell power generation system 51 further
comprises, as shown in FIG. 9, a combustion raw fuel gas
supply line 66 branched from a branch part 64 of the raw fuel
gas supply line 53 at the downstream of the raw fuel gas on-off
valve 52 to supply part of the raw fuel gas to acombustion part
(burner) 65 of the fuel reforming device 60 in order to supply
a heat quantity necessary for maintaining the reforming reac-
tion, because the reaction by steam reforming is an endother-
mic reaction. Hydrogen gas (offgas) discharged from the fuel
cell 63 is supplied to the combustion part (burner) 65 through
an offgas line 68 provided with a shut-off valve 67.
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[0016] On the other hand, for avoiding the poisoning of the
platinum catalyst by CO, it is considerable to use, as the
catalyst for fuel electrode, a catalyst hardly poisoned by CO,
for example, a platinum-ruthenium catalyst.

[0017] Ruthenium detoxifies CO. Therefore, the platinum-
ruthenium catalyst is remarkably improved in the resistance
to CO poisoning, compared with a single catalyst of platinum,
and especially a platinum-ruthenium catalyst with ruthenium
content of 50 weight % or more can exhibit a remarkable
effect on the reduction in voltage by poisoning (refer to Japa-
nese Patent Application Laid-Open No. 09(1997)-35736).
[0018] However, ruthenium is low in hydrogen oxidation
activity required as natural electrode reaction, compared with
platinum. Although such platinum-ruthenium catalyst with
ruthenium content of 50 weight % or more as described above
is excellent in CO poisoning resistance, the resulting voltage
is lower than that in a cell using the single catalyst of platinum
when fuel composed of only hydrogen is used.

[0019] Therefore, a solid polymer type fuel cell comprising
a fuel electrode having a first platinum-ruthenium catalyst
layer with ruthenium content of less than 50 weight % on the
side contacting with the polymer electrolyte membrane and a
second platinum-ruthenium catalyst layer with ruthenium
content of 50 weight % or more on the gas diffusion layer side
is proposed (refer to Japanese Patent Application Laid-Open
No. 10(1998)-270057).

[0020] However, it was found that the platinum-ruthenium
catalyst of the fuel electrode becomes single platinum by
elution of ruthenium therein during operation using a fuel gas
such as CO-containing hydrogen gas or an organic fuel such
as methanol as the fuel, for example, during long-term opera-
tion involving frequently repeated starting and stoppage of
the fuel cell. As a result, the CO resistance is deteriorated.
Further, the dissolved and separated ruthenium can arrive at
the air electrode through the electrolyte layer and inhibits
oxygen reduction that is a reaction in the air electrode.
[0021] Therefore, such conventional electrode/membrane
assembly with platinum-ruthenium catalyst and fuel cell
power generation system using a fuel cell provided therewith
could not perform stable generation of electric power due to
the deterioration of CO poisoning resistance by elution of
ruthenium and the inhibition of oxygen reduction that is the
air electrode reaction by the eluted ruthenium, and thus
lacked reliability.

SUMMARY OF THE INVENTION

[0022] Itis a first object of the present invention to provide
a fuel electrode catalyst for fuel cell excellent in CO poison-
ing resistance and in suppression of deterioration of CO resis-
tance.

[0023] A second object of the present invention is to pro-
vide an electrode/membrane assembly, formed by disposing a
fuel electrode and an air electrode on both principal surfaces
of a polymer electrolyte membrane, respectively, and bond-
ing the electrodes to the polymer electrolyte membrane,
which uses the fuel electrode catalyst for fuel cell excellent in
CO poisoning resistance and in suppression of deterioration
of CO resistance in a fuel electrode.

[0024] A third object of the present invention is to provide
a fuel cell comprising this electrode/membrane assembly.
[0025] A fourth object of the present invention is to provide
a fuel cell system, using a reformed gas as a fuel supplied to
a fuel electrode.
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[0026] A fifth object of the present invention is to provide a
fuel cell system, using an organic fuel as a fuel supplied to a
fuel electrode.

[0027] A first aspect of the invention relates to a fuel elec-
trode for fuel cell with CO poisoning resistance difficult to
deteriorate during long-term use of a fuel containing CO,
comprising a ternary alloy catalyst obtained by partially sub-
stituting ruthenium of platinum-ruthenium alloy by a metal
lower dissolving potential than ruthenium.

[0028] A second aspect of the invention relates to a fuel
electrode catalyst for fuel cell, comprising a platinum-ruthe-
nium first alloy catalyst and a second alloy catalyst obtained
by partially substituting ruthenium of platinum-ruthenium
alloy by a metal lower dissolving potential than ruthenium.
[0029] In the first and second aspects of the invention, the
lower dissolving potential metal referred herein means a
metal having an elution-related standard electrode potential
lower than that of ruthenium.

[0030] According to these aspects, ruthenium is never
eluted since the metal lower dissolving potential than ruthe-
nium is present in contact with ruthenium and thus eluted first
during operation. Therefore, since the ruthenium is trapped
and stayed within the fuel electrode catalyst layer, the cata-
Iytic activity of the fuel electrode can be maintained without
deterioration of CO poisoning resistance, and further inhibi-
tion of oxygen reduction that is the air electrode reaction by
eluted ruthenium can be prevented.

[0031] Inathird aspect ofthe invention, itis included in the
first or second aspect of the invention that the fuel electrode
catalyst for fuel cell is supported by at least one selected from
the group consisting of acetylene black, ketjen black, furnace
black, graphitized carbon, carbon nanotube, and carbon
nano-onion.

[0032] According to the third aspect of the invention, the
electron conductivity of the fuel electrode catalyst layer can
be further improved by supporting such a carbonaceous mate-
rial as a carrier.

[0033] In a fourth aspect of the invention, it is included in
the first or second aspect of the invention that the metal lower
dissolving potential than ruthenium is at least one selected
from the group consisting of cobalt, nickel, molybdenum,
lead, iron, and tungsten, chromium.

[0034] According to the fourth aspect, since such a concrete
lower dissolving potential metal is adapted so that the lower
dissolving potential metal is eluted earlier than ruthenium in
the fuel electrode during operation, the catalytic activity of
the fuel electrode can be maintained without deterioration of
CO poisoning resistance resulting from elution of ruthenium,
and inhibition of oxygen reduction that is the air electrode
reaction by eluted ruthenium can be prevented. Further, the
lower dissolving potential metal eluted earlier never inhibits
the oxygen reduction that is the air electrode reaction.
[0035] A fifth aspect ofthe invention relates to an electrode/
membrane assembly for fuel cell, which is formed by bonding
a fuel electrode to one principal surface of a polymer electro-
lyte membrane and an air electrode to the other principal
surface thereof, the fuel electrode being a fuel electrode
including the catalyst of the second aspect of the invention.
[0036] According to the electrode/membrane assembly of
the fifth aspect of the invention, the catalytic activity of the
fuel electrode catalyst can be maintained with high CO poi-
soning resistance, and the oxygen reduction that is the air
electrode reaction is never inhibited.
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[0037] Inasixthaspect of the invention, it is included in the
fifth aspect of the invention that the metal lower dissolving
potential than ruthenium is contained more on the polymer
electrolyte membrane side in the catalyst layer thickness
direction of the fuel electrode.

[0038] According to the electrode/membrane assembly of
the sixth aspect of the invention, ruthenium can be trapped
more in the fuel electrode catalyst since the metal lower
dissolving potential than ruthenium is eluted first during
operation of the fuel cell. Therefore, the catalytic activity of
the fuel electrode can be maintained without deterioration of
CO poisoning resistance, and the oxygen reduction that is the
air electrode reaction is never inhibited.

[0039] Ina seventh aspect of the invention, it is included in
the fifth aspect of the invention that three layers of a second
alloy catalyst layer, a first alloy catalyst layer and a ruthenium
catalyst layer are arranged in this order from the polymer
electrolyte membrane side toward a gas diffusion layer side.

[0040] According to the electrode/membrane assembly of
the seventh aspect of the invention, the deterioration of CO
poisoning resistance of the fuel electrode can be further sup-
pressed since the ruthenium in the ruthenium catalyst layer is
used as a supply source of ruthenium to the second alloy
catalyst layer or the first alloy catalyst layer.

[0041] An eighth aspect of the invention relates to a fuel
cell, which comprises the electrode/membrane assembly of
the fifth aspect of the invention.

[0042] According to the fuel cell of the eighth aspect of the
invention, stable generation of electric power can be per-
formed with high reliability since the catalytic activity of the
fuel electrode can be maintained with high CO poisoning
resistance, and the oxygen reduction that is the air electrode
reaction is never inhibited.

[0043] A ninth aspect of the invention relates to a fuel cell
system, which uses a fuel containing a small amount of CO as
a fuel supplied to the fuel electrode of a fuel cell comprising
the electrode/membrane assembly of the fifth aspect of the
invention. The small amount of CO referred herein means an
amount of 0.1 ppm or more and 1000 ppm or less.

[0044] A tenth aspect of the invention relates to a fuel cell
system, which uses a fuel containing a small amount of CO as
afuel supplied to a fuel electrode of a fuel cell comprising the
electrode/membrane assembly of the fifth aspect of the inven-
tion.

[0045] According to the ninth aspect of the invention, even
if a fuel containing a small amount of CO, for example, a
reformed gas is used as the fuel supplied to the fuel electrode,
the catalytic activity of the fuel electrode catalyst can be
maintained with high CO poisoning resistance, and the oxy-
gen reduction that is the air electrode reaction is never inhib-
ited. Therefore, stable generation of electric power can be
performed with high reliability.

[0046] According to the tenth aspect of the invention, even
if an organic fuel containing a small amount of CO such as
methanol is used as the fuel supplied to the fuel electrode, the
catalytic activity of the fuel electrode catalyst can be main-
tained with high CO poisoning resistance, and the oxygen
reduction that is the air electrode reaction is never inhibited.
Therefore, stable generation of electric power can be per-
formed with high reliability.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0047] FIG.1is anillustrative view, schematically showing
an electrode/membrane assembly according to the present
invention and one example of a unit cell provided therewith;
[0048] FIG. 2 is an illustrative view of a fuel cell used in a
domestic fuel cell cogeneration system as one example of a
fuel cell system according to the present invention;

[0049] FIG. 3isasectionalillustrative view of an electrode/
membrane assembly with gas diffusion layer;

[0050] FIG. 4 is a graph showing voltage change (vertical
axis) to X (horizontal axis) ranging from 0 to 0.35 in a con-
dition of current density 0.3 A/cm?;

[0051] FIG. 5is an illustrative view of a fuel cell used in a
portable fuel cell system as another example of the fuel cell
system of the present invention;

[0052] FIG. 6is anillustrative view, schematically showing
the state of fuel electrode reaction in a fuel electrode and air
electrode reaction in an air electrode;

[0053] FIG. 7 is an exploded sectional view, showing a
basic structure of a unit cell for polymer type fuel cell;
[0054] FIG. 8 is a sectional view, showing a basic structure
of'a polymer type fuel cell stack; and

[0055] FIG. 9 is an illustrative view of a conventional fuel
cell power generation system.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0056] Referring to the accompanying drawings, the
present invention will be described in detail based on pre-
ferred embodiments.

[0057] FIG. 1 schematically illustrates an electrode/mem-
brane assembly according to the invention and one example
of'a unit cell provided therewith.

[0058] In FIG. 1, denoted at 1 is a polymer electrolyte
membrane, and an electrode/membrane assembly 7 is formed
by bonding an air electrode catalyst layer 2 formed using a
platinum carbon-supported catalyst to one air electrode-side
principal surface of the polymer electrolyte membrane 1, and
bonding a fuel electrode catalyst layer 6 to the other fuel
electrode-side principal surface of the polymer electrolyte
membrane 1, the fuel electrode catalyst layer 6 being formed
by laminating, in order from the polymer electrolyte mem-
brane side, a second alloy catalyst layer 3 formed using a
second alloy catalyst obtained by partially substituting ruthe-
nium of a platinum-ruthenium first alloy by a metal lower
dissolving potential than ruthenium, a first alloy catalyst layer
4 formed using the platinum-ruthenium first alloy catalyst,
and a ruthenium catalyst layer 5 formed using a ruthenium
catalyst.

[0059] Anair electrode-side gas diffusion layer 8 and a fuel
electrode-side gas diffusion layer 9 each having a structure in
which carbon paper is coated with a mixture of carbon black
and polytetrafluoroethylene (PTFE) are disposed on and
bonded to the air electrode catalyst layer 2 and the fuel elec-
trode catalyst layer 6, respectively. An air electrode 10 and a
fuel electrode 11 are formed thereby, respectively.

[0060] The gas diffusion layer 8 and the gas diffusion layer
9 allow passage of an oxidizer gas (e.g., air) and passage of a
fuel gas, for example, mainly hydrogen, an alcoholic fuel
such as methanol, or a reformed gas mainly composed of
hydrogen which is obtained by reforming a hydrocarbon fuel
such as natural gas, city gas, LPG or butane, respectively. The
fuel gas can contain steam for wetting. The reformed gas or
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the like, which is mainly composed of hydrogen gas, may
contain CO (carbon monoxide) in a small amount, for
example, ranging from 1 ppm to 1% by mass of CO (carbon
monoxide), generally, ranging from 0.1 ppm to 1000 ppm.
The gas diffusion layer 8 and the gas diffusion layer 9 may
perform further electron conduction.

[0061] A unit cell 15 is formed by sandwiching the gas
diffusion layer 8 and the gas diffusion layer 9 by a set of
separators 14 formed of a conductive and gas-impermeable
material, the separators including gas flow passages 12 for
distributing reaction gas, provided on respective principal
surfaces facing the gas diffusion layer 8 and the gas diffusion
layer 9, and cooling water passages 13 for distributing cool-
ing water, provided on the other principal surfaces.

[0062] Inaternary alloy catalyst obtained by partially sub-
stituting ruthenium of platinum (Pt)-ruthenium (Ru) alloy by
a metal (M) lower dissolving potential than ruthenium, the
ratios of the three components are Pt=10 to 95; Ru=1 to 90;
and M=0.001 to 30 by mass, preferably, M=0.5 to 15, wherein
Pt+Ru+M=100.

[0063] Based on the above, for example, a ternary catalyst
with Pt:Ru:M=1:0.9:0.1 by mass can be given.

[0064] In abinary alloy catalyst of platinum (Pt) and ruthe-
nium (Ru), the ratios of the two components are Pt=10 to 95
and Ru=1 to 90 by mass. In the binary catalyst, the ratio of Ru
is preferably equal to or more than that of Pt, wherein
Pt+Ru=100.

[0065] Based on the above, for example, a binary catalyst
with Pt:Ru=1:1 by mass can be given.

[0066] The alloy catalyst to be used in the present invention
can be produced by a known method such as metallurgical
melt mixing or ion implant.

[0067] The fuel eclectrode 11 is formed, for example,
through the following process.

[0068] Slurry of carbon powder and polytetrafluoroethyl-
ene (PTFE) dispersion is applied onto a surface of a carbon
porous body such as carbon paper followed by sintering in the
atmosphere to thereby form the fuel electrode-side gas diffu-
sion layer 9.

[0069] Slurry prepared by mixing a ruthenium carbon-sup-
ported catalyst, a fluorine-based polymeric solution and
water together is applied onto a surface of the fuel electrode-
side gas diffusion layer 9, slurry prepared by mixing a plati-
num-ruthenium alloy/carbon-supported catalyst (first alloy
catalyst), a fluorine-based polymeric solution and water
together is applied thereon, and slurry prepared by mixing a
second alloy catalyst obtained by partially substituting ruthe-
nium of the first alloy catalyst by a metal M lower dissolving
potential than ruthenium, a fluorine-based polymeric solution
and water together is further applied thereon followed by
drying to hereby form the fuel electrode 11 provided with
three layers of the ruthenium catalyst layer 5, the first alloy
catalyst layer 4, and the second alloy catalyst layer 3 arranged
in this order from the fuel electrode-side gas diffusion layer9.
[0070] On the other hand, the air electrode 10 is formed, for
example, through the following process.

[0071] Slurry of carbon powder and PTFE dispersion is
applied onto a surface of a carbon porous body such as carbon
paper, and the resulting porous body is sintered in the atmo-
sphere to thereby form the air electrode-side gas diffusion
layer 8. Slurry prepared by mixing a platinum/carbon-sup-
ported catalyst, a fluorine-based polymeric solution and
water together is applied onto one surface of the air electrode-
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side gas diffusion layer 8 followed by drying to thereby form
the air electrode 10 provided with the air electrode catalyst
layer 2.

[0072] The thus-obtained fuel electrode 11 and air elec-
trode 10 are disposed across the polymer electrolyte mem-
brane 1 and hot-pressed so that the second alloy catalyst layer
3 of the fuel electrode 11 contacts with one surface of the
polymer electrolyte membrane 1 and the air electrode catalyst
layer 2 of the air electrode 10 contacts with the other surface
of'the polymer electrolyte membrane 1 to form the electrode/
membrane assembly 7. A structure provided with the elec-
trode/membrane assembly 7 is further sandwiched by the set
of'separators 14 composed of a conductive and gas-imperme-
able material, including the gas flow passages 12 for distrib-
uting reaction gas, provided on the respective principal sur-
faces facing the gas diffusion layer 8 and the gas diffusion
layer 9 and cooling water flow passages 13 for distributing
cooling water, provided on the other principal surfaces,
through sealants not shown, and further clamped in the lami-
nating direction to thereby form a unit cell 15.

[0073] The concentration of platinum in the second alloy
contacting with the polymer electrolyte membrane is prefer-
ably set to be equal to or more than the concentration of
platinum in the first alloy.

[0074] Concrete examples of the polymer electrolyte mem-
brane used in the present invention include a cation conduc-
tive membrane composed of a polystyrene-based cation-ex-
change membrane having sulfonic group, a mixed membrane
of fluorocarbon sulfonic acid and polyvinylidene fluoride, a
grafted body of trifluoroethylene with fluorocarbon matrix, or
aperfluorocarbon sulfonic acid membrane (made by DuPont,
Trade name: Nafion membrane). Such a polymer electrolyte
membrane has a proton exchange group in the molecule and
functions, when the water content is saturated, as a proton
conductive electrolyte with a specific resistance of 20 Qm? or
less at ordinary temperature.

[0075] Although the separator used in the present invention
is not particularly limited as long as it is formed of'a conduc-
tive and gas-impermeable material, a carbonaceous material
such as carbon or a carbon composite material composed of
carbon and resin, or a metallic material, either of which is
excellent in conductivity, strength, durability and the like and
can be subjected to pressure molding or injection molding
allowing reduction in cost by mass production can be prefer-
entially used.

[0076] From the viewpoint of gas impermeability and
mechanical strength, the thickness of the separator can be set,
for example, to about 1 to 2 mm for the metallic material, and
to about 2 to 5 mm for the carbonaceous material.

[0077] Although the first alloy catalyst layer 4 and the
second alloy catalyst layer 3 are separately laminated in the
above-mentioned embodiment, a mixed catalyst prepared by
mixing the first alloy catalyst with the second alloy catalyst
can be used to simply provide one layer of the mixed alloy
catalyst. In this case, the mixing ratio (by mass) of the first
alloy catalyst to the second alloy catalyst is preferably set to
first alloy catalyst:second alloy catalyst of 10:1 to 10 accord-
ing to the concentration of CO in the fuel supplied to the fuel
electrode 11.

[0078] In each of the polymer electrolyte membrane 1, the
air electrode catalyst layer 2, the second alloy catalyst layer 3,
the first alloy catalyst layer 4, the ruthenium catalyst layer 5
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and the like constituting the electrode/membrane assembly 7,
layer thickness, catalyst content and the like are not particu-
larly limited.

[0079] The effect of the present invention can be exhibited
by setting the ratio of thickness of the first layer (second alloy
catalyst layer 3) to the second layer (first alloy catalyst layer
4) to first layer/second layer=1/100 or more by thickness.
Namely, when the first layer/second layer ratio is less than
1/100, the effect of suppressing CO resistance deterioration
after 20000 hours is 1 mV or less, or hardly observed.
[0080] It has been confirmed that when the thickness of the
first layer is excessively increased over first layer/second
layer thickness ratio of 2/1, the initial performance of the
resulting fuel cell is deteriorated.

[0081] Accordingly, the thickness ratio of the first layer to
the second layer is desirably set to first layer:second layer=1:
50 to 1:1 in consideration for durability, initial performance
and cost performance. Particularly, the highest effect is exhib-
ited at first layer:second layer=1:10.

[0082] Thethickness ofthe ruthenium catalyst layer5 is not
particularly limited since the purpose of the layer 5 is replen-
ishment of eluted ruthenium. However, the thickness thereof
is generally set to be about equal to that of the first layer in
consideration for cost or the like.

[0083] In the above-mentioned embodiment, thus, the
thickness of each layer is preferably set to second alloy cata-
lystlayer 3:first alloy catalyst layer 4:ruthenium catalyst layer
5=1:10:1.

[0084] Although the carbon-supported catalyst is exempli-
fied in the above embodiment, at least one selected from the
group consisting of acetylene black, ketjen black, furnace
black, graphitized carbon, carbon nanotube, and carbon
nanoonion can be preferably used as the carbon in the present
invention since it can improve the electron conductivity of the
fuel electrode catalyst layer.

[0085] The carbon nanoonion has a turbostratic structure of
graphite-like structures most of which are layered and devel-
oped in an onion-like shape, further includes amorphous
structures and a few graphitized structures.

[0086] Inthe fuel cell system of the present invention, even
if a reformed gas is used as the fuel supplied to the fuel
electrode of the fuel cell, the electrode/membrane assembly
of the present invention can maintain the catalytic activity of
the fuel electrode catalyst with high CO poisoning resistance,
and further prevent inhibition of oxygen reduction that is the
air electrode reaction. Therefore, stable generation of electric
power can be performed with high reliability.

[0087] Inthe fuel cell system of the present invention, even
if an organic fuel such as methanol is used as the fuel supplied
to the fuel electrode of the fuel cell, the electrode/membrane
assembly of the present invention can maintain the catalytic
activity of the fuel electrode catalyst with high CO poisoning
resistance and further prevent inhibition of oxygen reduction
that is the air electrode reaction, and amplification of the
oxygen reducing efficiency of platinum by the lower dissolv-
ing potential metal eluted instead of ruthenium can be also
expected. Therefore, generation of electric power can be per-
formed with high reliability.

First Embodiment

[0088] A fuel cell 110 used in a domestic fuel cell cogen-
eration system 100 as one example of the fuel cell system of
the present invention will be described in reference to FIG. 2.
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[0089] FIG. 3isasectionalillustrative view of an electrode/
membrane assembly with gas diffusion layer.

[0090] The domestic fuel cell cogeneration system 100, as
shown in FIG. 2, comprises a reforming device for reforming
a raw fuel (hydrocarbon fuel) such as LPG or city gas to
generate a reformed gas containing about 80% hydrogen
(fuel); a fuel cell 110 for generating electric power by use of
the reformed gas supplied from the reforming device and
atmospheric oxygen (oxidizer); and a hot water storage
device for recovering and storing heat generated from the
reforming device or the fuel cell 110 in the form of hot water
(water of 40° C. or higher), and has both generating function
and hot water supply function.

[0091] The raw fuel such as LPG or city gas set in homes is
generally scented with a sulfide as a safety measure to gas
leak. However, since this sulfide deteriorates catalyst within
the reforming device, the sulfide in the raw fuel is removed by
a desulfurizer 152 first in the reforming device.

[0092] The raw material desulfurized by the desulfurizer
152 is mixed with steam, steam-reformed by a reformer 154,
and introduced to a converter 156. The converter 156 gener-
ates a reformed gas composed of about 80% hydrogen (H,),
about 20% carbon dioxide (CO,) and 1% or less carbon
monoxide (CO). In this system 100 adapted to supply the
reformed gas to the fuel cell 110 which is operated at low
temperature (100° C. or lower) susceptible to CO, the
reformed gas can be further mixed with oxygen to selectively
oxidize CO by a CO remover 158. The CO concentration in
the reformed gas can be reduced to 10 ppm or less by the CO
remover 158 which is optionally provided. It is difficult to
reduce CO to a trace amount.

[0093] The reforming device comprises at least the
reformer 154 and the converter 156, and further comprises the
desulfurizer 152 when the gas set in homes is used as the raw
fuel, as in this system 100, and the CO remover 158 when a
low-temperature type fuel cell such as a solid polymer type
fuel cell is used as the fuel cell 110.

[0094] Since the steam reforming is an endothermic reac-
tion, the reformer 154 is provided with a burner 160. When
the reforming device is started, the raw material is supplied
also to the burner 160 to raise the temperature of the reformer
154, and when the system 100 is 1aid in a stably operable state,
the supply of raw fuel to the burner 160 is stopped, and
unreacted fuel discharged from the fuel cell 110 is supplied to
the burner 160 to thereby supply heat to the reformer 154.
[0095] Exhaust air after supplying the heat to the reformer
154 by the burner 160 is heat-exchanged with water in a hot
water storage tank 162 through heat exchangers HEX01 and
HEX02 since the exhaust air still retains a large quantity of
heat.

[0096] The resulting water is heat-exchanged (HEX03)
with exhaust gas from an air electrode (cathode) 114 of the
fuel cell 110, then heat-exchanged (HEX04) with exhaust gas
from a fuel electrode (anode) 122, and returned to the hot
water storage tank 162.

[0097] A water pipe 164 passing through the heat exchang-
ers HEX01, HEX 02, HEX03 and HEX 04 comprises a branch
pipe 168 so that the temperature of water (hot water) passed
through the heat exchanger HEX 04 can be used to heat or cool
an air electrode (cathode)-side humiditying tank 166.

[0098] When the temperature ofthe air electrode (cathode)-
side humidifying tank 166 is low at the starting of the system
100 or the like, the water passed through the heat exchanger
HEX04 is carried to the heat exchanger HEX05 through the
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branch pipe 168 to supply the heat thereof to the air electrode
(cathode)-side humidifying tank 166 therein, and then
returned to the hot water storage tank 162.

[0099] The air electrode (cathode)-side humidifying tank
166 functions also as a cooling water tank, and water in the air
electrode (cathode)-side humiditying tank 166 cools the fuel
cell 110 and returns to the air electrode (cathode)-side
humidifying tank 166.

[0100] When the temperature of the fuel cell 110 is low at
the starting of the system 100 or the like, the fuel cell 110 can
be warmed by supplying cooling water warmed by the heat
exchanger HEX05 to the fuel cell 110 as described above.
[0101] A cooling water flow passage 170 for distributing
the cooling water is connected with a heat exchanger HEX06
provided on a fuel electrode (anode)-side humiditying tank
172, and the cooling water also plays the role of making the
temperature of the fuel electrode (anode)-side humiditying
tank 172 substantially equal to that of the air electrode (cath-
ode)-side humidifying tank 166. Denoted at 176 is a cooling
part.

[0102] The reformed gas from the reforming device is
humidified (bubbled in the system 100) in the fuel electrode
(anode)-side humidifying tank 172 and supplied to the fuel
electrode (anode) 122. Unreacted fuel which did not contrib-
ute to generation of electric power in the fuel electrode (an-
ode) 122 is discharged out of the fuel cell 110 and supplied to
the burner 160. Denoted at 112 is a polymer electrolyte mem-
brane.

[0103] This fuel cell 110 is generally operated to perform
generation of electric power in a temperature range of 70 to
90° C., and the exhaust gas discharged out of the fuel cell 110
has heat of about 80° C. Therefore, the exhaust gas is heat-
exchanged in the heat exchanger HEX04 as described above,
further heat-exchanged in a heat exchanger HEX07 to heat
the water supplied to the air electrode (cathode)-side humidi-
fying tank 166 and the fuel electrode (anode)-side humidify-
ing tank 172, and then supplied to the burner 160.

[0104] Since the water supplied to the air electrode (cath-
ode)-side humidifying tank 166 and the fuel electrode (an-
ode)-side humidifying tank 172 is desirably clean water with
low conductivity and minimized inclusion of organic matter,
clean water from public water supply is subjected to water
treatment by a reverse osmosis membrane and an ion
exchange resin in a water treatment device 174 prior to the
supply.

[0105] The water subjected to water treatment is used also
for steam reforming in the reformer 154. The clean water is
supplied also to the hot water storage tank 162. At this time,
the clean water is supplied from a lower part of the hot water
storage tank 162. The water pipe 164 also extracts water of
low temperature from the lower part of the hot water storage
tank 162, and returns the water heat-exchanged in each heat
exchanger to an upper part of the tank.

[0106] A heat exchanger HEX10 is a total heat exchanger.
Since exhaust gas including unreacted oxygen which did not
contribute to power generation in the air electrode (cathode)
114 contains heat of about 80° C. and generation water gen-
erated by reaction, the total heat exchanger HEX10 supplies
the heat and moisture to the air supplied to the air electrode
(cathode) 114.

[0107] The air supplied to the air electrode (cathode) 114 is
further humidified (bubbled in the system 100) in the air
electrode (cathode)-side humidifying tank 166, and then sup-
plied to the air electrode (cathode) 114, while the exhaust gas
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which supplied the heat and moisture in the total heat
exchanger HEX10 is further heat-exchanged in the heat
exchanger HEX03 and then discharged out ofthe system 100.
[0108] The fuel cell 110 of this embodiment comprises gas
diffusionlayers 120 and 128, from the viewpoint that reaction
gas can be uniformly supplied to the air electrode (cathode)
114 and to the fuel electrode (anode) 122, and the generation
water from the air electrode (cathode) 114 or condensate
water condensed in the air electrode (cathode) 114 and the
fuel electrode (anode) 122 can be quickly discharged to the
outside.

[0109] The gas diffusion layers are produced respectively
by using a woven fabric or nonwoven fabric of carbon paper
or carbon as a substrate and applying a viscous carbon paste
mainly composed of carbon black to the substrate.

[0110] In view of productivity, the same carbon paper is
used as substrates 118 and 126 of both the gas diffusion layers
120 and 128, as shown in FIG. 3, and the gas diffusion layer
paste to be applied to the substrate is varied between the air
electrode (cathode) side and the fuel electrode (anode) side.
[0111] Concretely, an air electrode (cathode)-side filling
layer 116 produced through application/drying/heat treat-
ment of the air electrode (cathode)-side diffusion layer paste
to the air electrode (cathode)-side substrate is made to have
lower water repellency (low fluorine resin content), compared
with the fuel electrode (anode) side.

[0112] On the other hand, a fuel electrode (anode)-side
filling layer 124 produced through application/drying/heat
treatment of the fuel electrode (anode)-side diffusion layer
paste to the fuel electrode (anode)-side substrate is made to
have higher water repellency (high fluorine resin content).

[0113] However, when general fluorine resin (hereinafter
referred to as polymer fluorine resin) is added to the gas
diftusion layer paste in a large quantity, the paste is increased
in viscosity and clustered in the course of mixing work or
application work because the polymer fluorine resin has bind-
ing property.

[0114] This makes the application process extremely diffi-
cult. Therefore, a low-molecular fluorine resin with an aver-
age molecular weight smaller than that of the polymer fluo-
rine resin, having extremely low binding property is adapted
to make the low-molecular fluorine resin and the polymer
fluorine resin bear the water repellency and the binding prop-
erty, respectively, so that the respective gas diffusion layer
pastes have well-balanced water repellency and binding prop-
erty.

[0115] Concretely, carbon paper that is the substrate of the
gas diffusion layer (made by TORAY INDUSTRIES, INC.:
TGPH 060H) is dipped in FEP dispersion so that the ratio of
carbon paper:FEP (tetrafluoroethylene-hexafluoropropylene
copolymer) by mass is 95:5 (for air electrode) or 60:40 (for
fuel electrode), dried at 60° C. for 1 hour, and heat-treated at
380° C. for 15 minutes (FEP water repelling treatment). The
carbon paper is thereby made water repellent substantially in
a uniform way.

[0116] Then, carbon black (made by CABOT CO.: Vulcan
XC72R), terpineol (made by KISHIDA CHEMICAL CO.,
LTD.) as solvent, and nonionic surfactant Triton (made by
KISHIDA CHEMICAL CO., LTD.) are mixed together so
that the ratio by mass is carbon black:terpineol:Triton=20:
150:3, and mixed homogenously at ordinary temperature for
60 minutes by a versatile mixer (made by DALTON CO.) to
thereby prepare a carbon paste.
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[0117] Low-molecular fluorine resin (made by DAIKIN
INDUSTRIES, LTD.: Luburon LDW 40E) and polymer fluo-
rine resin (made by DuPont: PTFE 30J) are mixed together so
that the ratio by mass of the fluorine resin contained in the
dispersion is low-molecular fluorine resin:polymer fluorine
resin=20:3 to thereby prepare a mixed fluorine resin for cath-
ode.

[0118] This carbon paste is put into a hybrid mixer con-
tainer, and cooled until the temperature of the carbon paste
becomes 10 to 12° C. The above-mentioned mixed fluorine
resin for air electrode (cathode) is added to the cooled carbon
paste so that the ratio by mass of the carbon paste:the mixed
fluorine resin for air electrode (cathode) (the fluorine resin
content contained in the dispersion) is 31:1, and mixed for 12
to 18 minutes in a mixing mode of a hybrid mixer (made by
KEYENCE CO.: EC 500).

[0119] Themixingtimeis appropriately adjusted so that the
mixing is stopped when the temperature of the paste reaches
50 to 55° C. The hybrid mixer is switched from the mixing
mode to a defoaming mode after the temperature of the paste
reaches 50 to 55° C., and defoaming is performed for 1 to 3
minutes. The defoamed paste is naturally cooled to thereby
complete a cathode diffusion layer paste.

[0120] The above-mentioned carbon paste and the low-
molecular fluorine resin are put into a hybrid mixer container
so that the ratio by mass of the carbon paste:the low-molecu-
lar fluorine resin (hereinafter referred to as fuel electrode
fluorine resin) (the fluorine resin content in the dispersion) is
26:3, and mixed in the mixing mode of a hybrid mixer for 15
minutes.

[0121] After completion of mixing, the hybrid mixer is
switched from the mixing mode to the defoaming mode, and
defoaming is performed for four minutes. The resulting paste
is naturally cooled, after disposing supernatant solution, if
collected in an upper portion of the defoamed paste, to
thereby complete a fuel electrode diffusion layer paste.

[0122] Each of the gas diffusion layer pastes cooled to
ordinary temperature is applied onto a surface of above-men-
tioned carbon paper subjected to FEP water repelling treat-
ment so that the application state within the carbon paper
surface is uniformed, and dried at 60° C. for 60 minutes by a
hotair dryer (made by THERMAL). Finally, heat treatment is
performed at 360° C. for 2 hours to thereby complete the
respective gas diffusion layers.

[0123] In the fuel electrode (anode) 122, a second alloy
catalyst [Pt:Ru:Co (1:0.9:1 by mass)/carbon-supported C]
obtained by partially substituting ruthenium of a platinum-
ruthenium first alloy catalyst [Pt:Ru (1:1 by mass)/carbon-
supported C] by a metal M lower dissolving potential than
ruthenium (cobalt) is used.

[0124] The second alloy catalyst is represented by any one
of general formulae Pt—Ru,-M,,_, (provided that 0<x<1),
Pt—Ru,-M, 5 (provided that 0<x<1.5)and Pt—Ru,-M, .,
(provided that 0<x<2).

[0125] A wunit cell including the electrode/membrane
assembly with gas diffusion layer shown in FIG. 3 was
assembled, a fuel cell was produced using such cells, and
power generation test was performed thereto by supplying a
saturatedly humidified simulated reformed gas (hydrogen
80%, carbon dioxide 20%, carbon monoxide 10 ppm) to the
fuel electrode and saturatedly humidified air to the air elec-
trode at a cell temperature of 70° C. As the second alloy
catalyst, a one represented by the general formula Pt—Ru, -
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M, _, (provided that 0<x<1) was used. As the lower dissolv-
ing potential metal M, Mo, Co, W and Ni were used. The
result is shown in FIG. 4.

[0126] FIG. 4 is a graph showing voltage change (vertical
axis) to X (horizontal axis) ranging from 0 to 0.35 in a con-
dition of current density 0.3 A/cm>.

[0127] Asis apparent from FIG. 4, the effect is exhibited at
a ratio of the lower dissolving potential metal or X~0.01 to
0.3, and X~0.1 is particularly preferred, or the substation ratio
of the lower dissolving potential metal M of about 0.1 is
particularly preferred.

[0128] When the fuel cell 110 involves inclusion of CO to
the fuel electrode (anode) 122, CO is contained in the
reformed gas in an amount of several ppm, and this CO has the
property of easily adhering to Pt of the catalyst. The adhesion
of CO to Pt causes deterioration of the activity as catalyst of
Pt, so that the fuel electrode (anode) 122 is laid in an over-
voltage state (20 mV to 30 mV).

[0129] Ruhas the property of extracting O or OH necessary
for changing CO to CO, which never affects the catalyst from
humidified water (H,O) or the like supplied together with the
reformed gas. Therefore, even if CO is adhered to Pt, the Ru
adjacent thereto can extract O or OH to change the CO to
CO..

[0130] However, previous studies found that Pt—Ru
becomes single Pt due to partial dissolution of Ru therein
during repeated operations of starting/stoppage or the like,
resulting in deterioration of CO resistance.

[0131] In the present embodiment, the deterioration of CO
resistance can be successfully suppressed by using, in the fuel
electrode 122, Pt—Ru—Co second alloy [Pt:Ru:Co (1:0.9:
0.1 by mass)/carbon-supported] catalyst for a first layer on the
polymer electrolyte membrane 112 side and Pt—Ru first
alloy/carbon-supported catalyst for a second layer.

[0132] For the first layer, the Pt—Ru—Co second alloy
[Pt:Ru:Co (1:0.9:0.1 by mass)/carbon-supported] catalyst is
mixed with electrolyte solution in a ratio of Pt—Ru—Co
second alloy [Pt:Ru:Co/carbon-supported] catalyst:electro-
lyte solution=3:8 to prepare a fuel electrode slurry.

[0133] For the second layer, the Pt—Ru first alloy [Pt:
Ru=1:1 by mass]/carbon-supported catalyst is mixed with
electrolyte solution in a ratio of Pt—Ru first alloy/carbon-
supported catalyst:electrolyte solution=3:8 to prepare a fuel
electrode slurry.

[0134] A Pt/carbon-supported catalyst is mixed with elec-
trolyte solution in a ratio of Pt/carbon-supported catalyst:
electrolyte solution=3:8 to prepare an air electrode slurry. The
prepared air electrode slurry is applied to the surface where
the filling layer 116 is formed by applying the gas diffusion
layer paste onto the substrate 118 of the gas diffusion layer
120 to thereby produce an air electrode.

[0135] The solid polymer membrane 112 is sandwiched
between the fuel electrode (anode) and the air electrode (cath-
ode), and hot-pressed at about 140° C. to thereby produce the
fuel cell 110.

[0136] As aresult of power generation test for the resulting
fuel cell 110, long-time generation of electric power could be
performed over 20000 hours by supplying saturatedly
humidified simulated modified gas (hydrogen 80%, carbon
dioxide 20%, carbon monoxide 10 ppm) to the fuel electrode
and saturatedly humidified air to the air electrode at a cell
temperature of 70° C.

[0137] A fuel cell 110 was produced in the same manner as
described above, except using nickel as the metal M lower
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dissolving potential than ruthenium and subjected to power
generation test. This fuel cell also could perform long-term
power generation over 20000 hours by supplying saturatedly
humidified simulated reformed gas (hydrogen 80%, carbon
dioxide 20%, carbon monoxide 10 ppm) to the fuel cell and
saturatedly humidified air to the air electrode at a cell tem-
perature of 70° C.

[0138] In addition to the above-mentioned cobalt, nickel,
molybdenum and tungsten, fuel cells were produced in the
same manner using lead, iron and chromium, and subjected to
long-term power generation test. As a result, substantially the
same results were obtained therefor.

[0139] For comparison, the same long-term power genera-
tion test was performed to a fuel cell produced in the same
manner, except that the catalyst layer of the fuel electrode is
composed of only the first alloy catalyst layer (or platinum-
ruthenium alloy/carbon-supported catalyst).

[0140] As a result, stable generation could not be per-
formed over a long time since the voltage was reduced after
the lapse of about 10000 to 15000 hours.

[0141] Further, the same long-term power generation test
was performed to a fuel cell produced in the same manner,
exceptthat the catalyst layer of the fuel electrode is composed
of'only platinum/carbon-supported catalyst layer. As a result,
stable power generation could not be performed over a long
time since the voltage was reduced after the lapse of about
2500 hours.

Second Embodiment

[0142] Inthisembodiment,a fuel cell 210 used in a portable
fuel cell system 200 as another example of the fuel cell system
of'the present invention will be described in reference to FIG.
5.

[0143] The fuel cell 210 is a direct methanol fuel cell
(DMFC) which is adapted to supply a methanol aqueous
solution or pure methanol (hereinafter referred to as “metha-
nol fuel”) to a fuel electrode (anode) 222 (2224, 2225, 222c¢),
wherein the power generation part of the fuel 210 is com-
posed of a catalyst coated membrane (CCM) 230 which is
formed by sandwiching a polymer electrolyte membrane 212
between an air electrode (cathode) 214 (214a, 2145, 214¢)
and the fuel electrode (anode) 222 without any diffusion
layers.

[0144] The methanol fuel supplied to the fuel electrode
(anode) 222 is supplied to a fuel chamber 254 through a
methanol fuel supply port (not shown) from the outside of the
fuel cell 210, stored in the fuel chamber 254, and then sup-
plied to each fuel electrode (anode) 222.

[0145] The fuel electrode (222) undergoes a reaction of
methanol as shown by the following expression, in which H*
moves to the air electrode (cathode) 214 through the solid
polymer membrane 212, and the air electrode (cathode) 214
undergoes a reaction as shown by the following expression to
thereby take out electric power.

Fuel electrode; H,—>2H"+2e™ (Fuel electrode reaction)

Air electrode; 2H*+(¥2)O5+2¢™—H,0 (Air electrode reaction)

Overall; Hy+(¥2)0,—H,0

[0146] FIG. 6 schematically illustrates the states of the fuel
electrode reaction in the fuel electrode 222 and the air elec-
trode reaction in the air electrode.
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[0147] As is also apparent from the above-mentioned
expressions, carbon dioxide generates from the fuel electrode
(anode) 222 by the reaction. Therefore, a gas-liquid separat-
ing filter 260 is disposed between the fuel chamber 254 and a
plurality of fuel electrode (anode)-side product discharge
ports 258 provided on a fuel electrode (anode)-side casing
256a of the portable fuel cell system 200.

[0148] The gas-liquid separating filter 260 is a flat filter
having fine pores which selectively transmit gas component
but not liquid component. The filter is suitably formed of a
material having methanol (alcohol) resistance.

[0149] The casing 256 [fuel electrode (anode)-side casing
256a, air electrode (cathode)-side casing 256¢] is suitably
formed of a lightweight and rigid material having corrosion
resistance, for example, a synthetic resin or a metal such as
aluminum alloy, titanium alloy or stainless steel. Reinforced
glass or skeleton resin can be also used.

[0150] Since the casing 256 has a portion contacting with
methanol fuel which is similar in construction to the gas-
liquid separating filter 260, a composite material obtained by
laminating a fluorine synthetic resin on the above-mentioned
synthetic resin or metal is preferably used for the portion
contacting with methanol fuel in particular. Denoted at 262 is
a support member which forms the fuel chamber 254 and
clamps the CCM 230, and the support member 262 is also
preferably formed of the same material as that of the portion
contacting with methanol fuel of the casing 256.

[0151] Air is supplied to the air electrode (cathode) 214
through a plurality of air electrode (cathode)-side product
discharge ports 264, and oxygen in the air reacts with H*
which is moved to the air electrode (cathode) 214 through the
polymer electrolyte membrane 212 to thereby generate gen-
eration water.

[0152] The air electrode (cathode)-side product discharge
ports 264 for discharging the generation water from the air
electrode (cathode) 214 in addition to the supply of air to the
air electrode (cathode) 214 are provided so as to be substan-
tially equal to the fuel electrode (anode)-side product dis-
charge ports 258 in the total area, but are smaller in pore
diameter and larger in pore number than the fuel electrode
(anode)-side product discharge ports 258.

[0153] Each inner wall of the air electrode (cathode)-side
product discharge ports 264 and the surface of the air elec-
trode (cathode)-side casing 256¢ on which the air electrode
(cathode)-side product discharge ports 264 are formed are
covered with a functional coating material containing a pho-
tocatalyst such as titanium oxide.

[0154] By arranging a number of small pores as the air
electrode (cathode)-side product discharge ports, dropping of
the generation water discharged from the air electrode (cath-
ode) 214 can be eliminated. Further, by coating the inner wall
with the functional coating material, the generation water can
be thinly spread over the inner wall surface without clogging
the pores and easily evaporated, and propagation of microor-
ganisms or the like can be also prevented.

[0155] The functional coating material preferably contains
ametal such as silver, copper or zinc so that organics decom-
posing function or antibacterial function can take effect even
if light such as solar light containing a specific wavelength at
which the photocatalyst functions is not emitted to the por-
table fuel cell system 200.

[0156] Further, the whole surface of the casing 256 is cov-
ered with the functional coating material to decompose
organic matters adhered to the portable fuel cell system 200
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by a user’s touch on the portable fuel cell system 200,
whereby contamination-preventing function or antibacterial
function can be given to the portable fuel cell system 200.
[0157] Forpreventing inflow of methanol fuel from the fuel
electrode (anode) 222 to the air electrode (cathode) 214,
O-rings 266 (fuel electrode (anode)-side O-ring 266a, air
electrode (cathode)-side O-ring 266¢) are disposed so as to
surround the CCM 230.

[0158] In this embodiment, the O-rings 266 are pressed by
the air electrode (cathode)-side casing 256¢ and the support
member 262 to prevent the inflow of methanol fuel from the
fuel electrode (anode) 222 to the air electrode (cathode) 214
and also to prevent inflow of oxygen to the fuel electrode
(anode) 222. The O-rings 266 desirably have flexibility and
corrosion resistance.

[0159] Inthe fuel electrode (anode) 222, Pt—Ru—Co sec-
ond alloy [Pt:Ru:Co (1:0.9:0.1 by mass)/carbon-supported]
catalyst is used for a first layer on the polymer electrolyte
membrane 212 side, and Pt—Ru first alloy/carbon-supported
catalyst is used for a second layer. The thickness ratio of the
first layer to the second layer is adjusted to first layer:second
layer=1:10.

[0160] For the fuel electrode (anode) 222, the Pt—Ru—Co
second alloy/carbon-supported catalyst is mixed with elec-
trolyte solution in a ratio of Pt—Ru—Co second alloy/car-
bon-supported catalyst:electrolyte solution=1:2 to prepare a
fuel electrode (anode) slurry. The fuel electrode (anode)
slurry is applied to one surface of a polymer electrolyte mem-
brane (Nafion 115, made by DuPont).

[0161] For the air electrode (cathode) 214, Pt/carbon-sup-
ported catalyst is mixed with electrolyte solution in a ratio of
Pt/carbon-supported catalyst:electrolyte solution=3:8 to pre-
pare an air electrode (cathode) slurry. The air electrode (cath-
ode) slurry is applied to the other surface of the polymer
electrolyte membrane 212 to thereby produce the fuel cell
210.

[0162] Using the thus-produced fuel cell 210 with elec-
trode/membrane assembly (MEA), long-term power genera-
tion test was performed over 3500 hours or more by supplying
methanol to the fuel electrode and supplying saturatedly
humidified air to the air electrode at a cell temperature of 50°
C.

[0163] As a result of the long-term power generation test,
generation of electric power could be stably performed over
about 3500 hours.

[0164] A fuel cell 210 was produced in the same manner,
except using nickel as the metal M lower dissolving potential
than ruthenium. Using this fuel cell 210, long-term genera-
tion test was performed over 3500 hours or more by supplying
methanol to the fuel electrode and supplying saturatedly
humidified air to the air electrode at a cell temperature of 50°
C. As a result, generation of electric power could be stably
performed over 3500 hours or more.

[0165] For comparison, the same long-term generation test
was performed to a fuel cell produced in the same manner
exceptthat the catalyst layer of the fuel electrode is composed
of only the first alloy catalyst layer (or platinum-ruthenium
alloy/carbon-supported catalyst).

[0166] As aresult, generation of electric power could notbe
stably performed over a long time since the voltage was
reduced after the lapse of about 2500 hours.

[0167] Forcomparison, further, the same long-term genera-
tion test was performed to a fuel cell produced in the same
manner except that the catalyst layer of the fuel electrode is
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composed of only a platinum/carbon-supported catalyst
layer. As aresult, stable generation of electric power could not
be performed over a long time since the voltage was reduced
after the lapse of about 1500 hours.

[0168] Theabove-mentioned preferred embodiments of the
invention are illustrative and not restrictive, and the scope of
the invention and the patent claims of the invention are never
defined thereby. Each component of the invention can be
variously modified beyond the preferred embodiments with-
out departing from the spirit and scope of the invention.

INDUSTRIAL APPLICABILITY

[0169] According to the fuel electrode catalyst for fuel cell
of the present invention which comprises a platinum-ruthe-
nium first alloy catalyst and a second alloy catalyst obtained
by partially substituting ruthenium of the platinum-ruthe-
nium first alloy catalyst by a metal lower dissolving potential
than ruthenium, the catalytic activity of the fuel electrode can
be maintained without deterioration of CO poisoning resis-
tance since the metal lower dissolving potential than ruthe-
nium of the fuel electrode is eluted first during operation due
to the presence of the second alloy catalyst in which ruthe-
nium of'the platinum-ruthenium first alloy catalyst is partially
substituted by the metal lower dissolving potential than ruthe-
nium, and ruthenium is trapped within the fuel electrode
catalyst layer without elution. Further, inhibition of the oxy-
gen reduction as air electrode reaction by eluted ruthenium
can be prevented, and the oxygen reducing efficiency of plati-
num can also be enhanced by the lower dissolving potential
metal eluted instead of ruthenium. This fuel electrode catalyst
thus has high industrial feasibility with various remarkable
effects.
The invention claimed is:
1-10. (canceled)
11. An electrode/membrane assembly for a fuel cell, com-
prising a fuel electrode bonded to one surface of a polymer
electrolyte membrane and an air electrode bonded to the other
surface of the polymer electrolyte membrane,
wherein the fuel electrode comprises a mixed catalyst layer
prepared by mixing a first catalyst with a second cata-
lyst, said mixed catalyst layer having a mixing ratio by
mass of the first catalyst to the second catalyst set to 10:
1-10,

said first catalyst consisting of a platinum-ruthenium alloy
and supported by carbon, in which platinum Pt and
ruthenium Ru are included at a mass % of Pt: Ru=10-
95:5-90, wherein Pt+Ru=100 and,

said second catalyst consisting of a platinum-ruthenium-
metal (M) alloy and supported by carbon, in which plati-
num Pt, ruthenium Ru and the metal M are included at a
mass % of Pt:Ru:M=10-95:1-90:0.001-30, wherein:

Pt+Ru+M=100,

and

the metal (M) has a lower dissolving potential than ruthe-

nium.

12. The electrode/membrane assembly according to claim
11, wherein the platinum-ruthenium-metal (M) alloy is a
ternary alloy obtained by partially substituting ruthenium of
the platinum-ruthenium alloy by the metal (M) with the lower
dissolving potential than ruthenium.

13. The electrode/membrane assembly according to claim
11, wherein the carbon is at least one selected from the group
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consisting of acetylene black, ketjen black, furnace black,
graphitized carbon, carbon nanotube, and carbon nanoonion.

14. The electrode/membrane assembly according to claim
11, wherein the metal with the lower dissolving potential than
ruthenium is at least one selected from the group consisting of
cobalt, nickel, molybdenum, lead, iron, tungsten, and chro-
mium.

15. The electrode/membrane assembly for the fuel cell
according to claim 11, wherein the fuel electrode further
comprises a ruthenium catalyst layer laminated to the mixed
catalyst layer so as to be enabled to replenish ruthenium to the
mixed catalyst layer during an operation of the fuel cell.

16. A fuel cell, comprising the electrode/membrane assem-
bly according to claim 11.

17. A fuel cell apparatus, which uses a fuel containing a
small amount of CO as a fuel supplied to the fuel electrode of
the fuel cell according to claim 16.

18. A fuel cell apparatus, which comprises the fuel cell
according to claim 16 and a hot water tank for recovering and
storing heat generated from the fuel cell in a form ofhot water.

19. An electrode/membrane assembly for the fuel cell
according to claim 11, wherein a thickness of the second
catalystlayer is equal to or more than 0.01 times of a thickness
of'the first catalyst layer, and equal to or less than 2 times of
the thickness of the first catalyst layer.

20. An electrode/membrane assembly for the fuel cell
according to claim 11, wherein concentration of platinum in
the second alloy catalyst is equal to or more than a concen-
tration of platinum in the first alloy catalyst.
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