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ELECTRODE CATALYSTFOR ALKALINE FUEL CELL, ALKALINE FUEL CELL,

AND FORMATION METHOD FOR ALKALINE FUEL CELL ELECTRODE

CATALYST

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] This invention relates to an electrode catalyst of an alkaline fuel cell and a

fuel cell that employs the electrode catalyst as well as a formation method for the alkaline

fuel cell electrode catalyst.

2. Description of the Related Art

[0002] Presently, there are various types of fuel cells, for example, the alkaline type,

the phosphoric acid type, the molten carbonate type, the solid electrolyte type, the solid

polymer type, etc. As reactant gases used in these fuel cells, for example, pure

hydrogen is supplied to the fuel electrode, and atmospheric air is supplied to the oxygen

electrode. In some cases, instead of pure hydrogen, a reformed gas obtained by

reforming a gas whose main component is hydrogen, such as methane, methanol, etc.

[0003] For example, Japanese Patent No. 3360485 discloses a fuel electrode of a fuel

cell that uses a reformed gas of methane or methanol. In the fuel cell of Japanese Patent

No. 3360485, the fuel electrode is constructed of a fuel electrode catalyst inner layer

provided in contact with an electrolyte membrane, a porous base material provided on an

outer side of the fuel electrode inner layer, and a fuel electrode catalyst outer layer

provided on the outer side of the porous base material. A platinum catalyst is used in

the fuel electrode catalyst inner layer and the fuel electrode catalyst outer layer.

[0004] When the fuel electrode of the fuel cell is supplied with a fuel, CO contained

in the fuel is adsorbed and retained to catalyst particles in the fuel electrode catalyst outer

layer. Besides, mainly due to the action of the catalyst particles in the fuel electrode

catalyst outer layer, hydrogen in the fuel is separated into protons and electrodes, the

electrons are received again on other catalyst particles so as to form a hydrogen gas.

The hydrogen gas produced in the fuel electrode catalyst outer layer in this manner passes



through the porous base material to reach the fuel electrode catalyst inner layer, in which

the hydrogen gas is separated again into electrons and protons. Then, the protons pass

through the electrolyte membrane to reach the oxygen electrode.

[0005] That is, in the fuel electrode of Japanese Patent No. 3360485, pure hydrogen

is produced in the fuel electrode catalyst outer layer, and CO or the like also produced at

the same time directly becomes adsorbed in the fuel electrode catalyst outer layer.

Therefore, only pure hydrogen moves into the porous base material so that the interior of

the porous base material is filled with pure hydrogen. As a result, only the pure

hydrogen diffuses in the fuel electrode catalyst inner layer, so that the adverse effects of

CO on the fuel electrode catalyst inner layer are restrained.

[0006] In the cathode electrode of the alkaline fuel cell, the oxygen reduction

reaction is faster and the overvoltage is lower than in the cathode electrode of the solid

polymer fuel cell. However, because the reaction at the cathode electrode side affects

the reaction at the anode electrode side, it is preferable to further improve the oxygen

reduction reaction. In this respect, Japanese Patent No. 3360485, while providing a fuel

electrode that restrains the adverse effect of CO in the case where methane or methanol is

used as a fuel, does not contribute at all to heightening a catalyst function of the cathode

electrode.

SUMMARY OF THE INVENTION

[0007] This invention provides an electrode catalyst for an alkaline fuel cell which is

improved so as to heighten the catalyst function of the cathode electrode, and an alkaline

fuel cell that employs the electrode catalyst as well as a formation method for the alkaline

fuel cell electrode catalyst.

[0008] An electrode catalyst for an alkaline fuel cell in accordance with a first aspect

of the invention includes: a magnetic material provided as a carrier that has magnetism;

and catalyst particles supported on the magnetic material.

[0009] In the electrode catalyst for an alkaline fuel cell in accordance with the first

aspect, the magnetic material may be an oxide of an alloy.



[0010] In the electrode catalyst for an alkaline fuel cell in accordance with the first

aspect, the magnetic material may be an oxide of metal that contains iron.

[0011] ' In the electrode catalyst for an alkaline fuel cell in accordance with the first

aspect, the magnetic material may be an oxide of metal that contains iron and cobalt.

[0012] In the electrode catalyst for an alkaline fuel cell in accordance with the first

aspect, a mixture ratio of cobalt to a total amount of iron and cobalt in the oxide of metal

may be substantially in a range of 5 to 30%.

[0013] In the electrode catalyst for an alkaline fuel cell in accordance with the first

aspect, the magnetic material may have a narrow long needle-like shape having an aspect

ratio in a range of 10 to 100.

[0014] In the electrode catalyst for an alkaline fuel cell in accordance with the first

aspect, the magnetic material may be disposed toward the electrode so that a length

direction of the magnetic material is perpendicular to the contact surface between an

electrolyte membrane and an electrode.

[0015] In the electrode catalyst for an alkaline fuel cell in accordance with the first

aspect, the catalyst particles may be particles made up of at least one metal selected from

a group consisting of iron, cobalt, nickel and platinum.

[0016] In the electrode catalyst for an alkaline fuel cell in accordance with the first

aspect, the catalyst particles may be particles made up of iron, cobalt and nickel.

[0017] In the electrode catalyst for an alkaline fuel cell in accordance with the first

aspect, the catalyst particles may be particles made up of nickel.

[0018] An alkaline fuel cell in accordance with a second aspect of the invention

includes: an electrolyte through which a negative ion is allowed to permeate; an anode

electrode disposed on one side of the electrode; and a cathode electrode disposed on the

other side of the electrode, and the cathode electrode has the electrode catalyst in

accordance with the first aspect.

[0019] In the alkaline fuel cell in accordance with the second aspect, the anode

electrode may have the electrode catalyst according to in accordance with the first aspect.

[0020] A formation method for an alkaline fuel cell electrode catalyst in accordance



with a third aspect of the invention includes: attaching an ion of a catalyst metal

component to a metal oxide by immersing the metal oxide in a solution containing the ion

of the catalyst metal component; separating the metal oxide from the solution; heating the

metal oxide; and magnetizing the metal oxide after supporting the catalyst metal

component on the metal oxide.

[0021] Another formation method for an alkaline fuel cell electrode catalyst in

accordance with the third aspect includes: pulverizing alloy oxide; mixing the

pulverized alloy oxide with a solution containing an ion of a catalyst metal component;

heating a mixture of the solution and the pulverized alloy oxide; separating the metal

oxide from the mixture of the solution and the pulverized alloy oxide; heating the metal

oxide; and magnetizing the metal oxide after supporting the catalyst metal component on

the metal oxide.

[0022] In the formation method for the alkaline fuel cell electrode catalyst in

accordance with the third aspect, the metal oxide may contain iron.

[0023] In the formation method for the alkaline fuel cell electrode catalyst in

accordance with the third aspect, the metal oxide may contain iron and cobalt.

[0024] In the formation method for the alkaline fuel cell electrode catalyst in

accordance with the third aspect, the magnetic material may have a narrow long

needle-like shape having an aspect ratio in a range of 10 to 100.

[0025] In the formation method for the alkaline fuel cell electrode catalyst in

accordance with the third aspect, the catalyst particles may be particles made up of at

least one metal selected from a group consisting of iron, cobalt, nickel and platinum.

[0026] In the formation method for the alkaline fuel cell electrode catalyst in

accordance with the third aspect, the catalyst particles may be particles made up of iron,

cobalt and nickel.

[0027] In the formation method for the alkaline fuel cell electrode catalyst in

accordance with the third aspect, the solution containing the ion of the catalyst metal

component may be obtained by mixing a solution of iron, a solution of cobalt and a

solution of nickel whose concentrations are substantially equal.



[0028] In the formation method for the alkaline fuel cell electrode catalyst in

accordance with the third aspect, the metal oxide may be magnetized in a gradient

magnetic field of at least 0.01 [T] or greater.

[0029] In the formation method for the alkaline fuel cell electrode catalyst in

accordance with the third aspect, the metal oxide may be magnetized in a gradient

magnetic field of at least 0.05 [T] or greater.

[0030] According to the first aspect, the electrode catalyst for an alkaline fuel cell is

constructed so that the catalyst particles are supported on the magnetic material. Having

the magnetism in this manner, the electrode catalyst may attract oxygen in a supplied

reactant gas. Therefore, the catalyst function of the electrode catalyst may be

heightened.

[0031] In the second aspect, in the case where the electrode catalyst in accordance

with the first aspect is used as an electrode catalyst in the cathode electrode side in a fuel

cell, the reaction rate of oxygen at the cathode electrode in particular is raised, so that a

fuel cell of even higher power generation performance may be obtained.

[0032] In the third aspect, in the case where an electrode catalyst for an alkaline fuel

cell is formed by magnetizing a metal oxide after supporting catalyst particles on the

metal oxide, an electrode catalyst whose catalyst function has been heightened by

magnetizing the metal oxide may be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The foregoing and/or further objects, features and advantages of the invention

will become more apparent from the following description of preferred embodiment with

reference to the accompanying drawings, in which like numerals are used to represent

like elements and wherein:

FIG. 1 is a schematic diagram for describing a fuel cell in the first embodiment of the

invention;

FIG. 2 is a diagram for describing an electrode catalyst of the fuel cell in the first

embodiment of the invention;



FIG. 3 is a diagram for describing manufacture steps of the electrode catalyst of the

fuel cell of the first embodiment of the invention;

FIG. 4 is a diagram for describing relationships between the current density and the

voltage of a fuel cell of the first embodiment of the invention and a fuel cell of a

comparative example;

FIG. 5 is a diagram for describing relationships between the current density and the

voltage of another example of the fuel cell of the first embodiment of the invention and a

fuel cell of a comparative example;

FIG. 6 is a diagram for describing manufacture steps for an electrode catalyst of a fuel

cell in the second embodiment of the invention; and

FIG. 7 is a diagram for describing a relationship between the current density and the

voltage of a fuel cell of the second embodiment of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0034] Hereinafter, embodiments of the invention will be described with reference to

the drawings. In addition, the same or corresponding portions are assigned with the

same reference numerals, and the description thereof will be simplified or omitted.

[0035] FIG. 1 is a drawing for describing a construction of a fuel cell of the first

embodiment of the invention. The fuel cell shown in FIG. 1 is an alkaline fuel cell.

The fuel cell has an anion exchange membrane 10 (electrolyte membrane). On two

opposite sides of the anion exchange membrane 10, an anode electrode 20 and a cathode

electrode 30 are disposed. A current collecting plate 40 is disposed on an outer side of

each of the anode electrode 20 and the cathode electrode 30. A fuel path 50 is

connected to the current collecting plate 40 on the anode electrode 20 side, and a fuel

supply sauce (not shown) is connected to the fuel path 50. A fuel is supplied from the

fuel supply source to the anode electrode 20 via the fuel path 50 and the current

collecting plate 40, so that unreacted fuel or the like is discharged from the anode

electrode 20. On the other hand, an oxygen path 60 is connected to the cathode

electrode 30-side current collecting plate 40. Via the oxygen path 60 and the current



collecting plate 40, atmospheric air is supplied to the cathode electrode 30, so that an

atmospheric air off-gas that contains unreacted oxygen is discharged from the cathode

electrode 30.

[0036] At the time of power generation of the fuel cell, the anode electrode 20 is

supplied with a fuel that contains hydrogen, for example, ethanol or the like. On the

other hand, the cathode electrode 30 is supplied with the atmospheric air (or oxygen).

As the fuel is supplied to the anode electrode 20, the function of the electrode catalyst

layer of the anode electrode 20 causes reaction of hydrogen atoms in the fuel and

hydroxide ions that pass through the anion exchange membrane 10 from the cathode

electrode 30 side to the anode electrode 20 side, so that water is produced and electrons

are released. The reaction at the anode electrode 20 proceeds as in the following

equation (1) in the case where the fuel is pure hydrogen or the following equation (2) in

the case where the fuel is ethanol.

H2+2OH 2H2O+2e ...(1)

CH3CH2OH+12OH 2CO2+9H2O+12e ...(2)

[0037] On the other hand, as the atmospheric air is supplied to the cathode electrode

30, the oxygen molecules in the atmospheric air receive electrons from the cathode

electrode 30 to produce hydroxide ions through several stages due to the function of the

electrode catalyst of the cathode electrode 30 described below. The hydroxide ions

move to the anode electrode 20 side through the anion exchange membrane 10. The

reaction at the cathode electrode 30 proceeds as in the following equation (3):

l/2O 2+H2O+2e 2OH- ...(3)

[0038] The combination of the reactions at the anode electrode 20 side and the

cathode electrode 30 side described above shows that the water-producing reaction

represented by the following equation (4) occurs in the fuel cell as a whole, and the

electrons involved in the reaction move via the current collecting plates 40 on the two

electrode sides. Therefore, current flows, which means that power generation occurs.

H2+1/2O2 H2O ...(4)

[0039] In the alkaline-type fuel cell as described above, the anion exchange



membrane 10 is not particularly limited as long as it is a medium capable of moving the

hydroxide ions (OH ) produced by the electrode catalyst of the cathode electrode 30 to

the anode electrode 20. Concretely, examples of the anion exchange membrane 10

include solid polymer membranes (anion exchange resin) that have anion exchange

groups such as primary to tertiary amino groups, quaternary ammonium groups, pyridyl

groups, imidazole groups, quaternary pyridium groups, quaternary imidazolium groups,

etc. Besides, examples of the solid polymer membrane include membranes of

hydrocarbon-based resins, fluorine-based resins, etc.

[0040] The anode electrode 20 has at least an anode electrode catalyst layer. The

fuel having passed through the current collecting plate 40 is supplied to the entire surface

of the anode electrode catalyst layer. The catalyst layer of the anode electrode 20 has

the catalyst function of extracting hydrogen atoms from the supplied fuel and causing the

hydrogen atoms to react with hydroxide ions having passed through the anion exchange

membrane 10 so as to produce water (H2O) and, at the same time, release electrons (e ) to

the current collecting plate 40. In the fuel cell shown in FIG. 1, the anode electrode 20

has a catalyst layer that is the same as the catalyst layer of the cathode electrode 30

described below.

[0041] FIG. 2 is an enlarged view of a portion of the cathode electrode 30 enclosed

by a dotted line (A) in FIG. 1. As shown in FIG. 2, the cathode electrode 30 has at least

a catalyst layer 32 (electrode catalyst). The atmospheric air supplied via the oxygen

path 60 passes through the current collecting plate 40 and is supplied to the entire surface

of the cathode electrode catalyst layer 32. The cathode electrode catalyst layer 32 has a

function of receiving electrons (e~) from the current collecting plate 40 and producing

hydroxide ions (OH ) from oxygen (O2) and water (H O).

[0042] In order to improve the power generation performance of the fuel cell, it is

important that the decomposition of the fuel at the anode electrode 20 as in the equation

(1) or the equation (2) and the production of hydroxide ions (OH ) from oxygen at the

cathode electrode 30 as in the equation (3) proceed efficiently. Therefore, it is important

to cause a large amount of oxygen to reach the cathode electrode catalyst layer 32. In



the related-art fuel cell, the movement of oxygen in the atmospheric air supplied to the

cathode electrode 30 to the catalyst layer 32 depends on the concentration diffusion or the

like. However, since the oxygen partial pressure in the atmosphere is low, the rate of

oxygen reaching the catalyst layer 32 is slow. This means that the rate of the oxygen

reduction reaction from oxygen to hydroxide ions shown in the equation (3) is slow, and

the overvoltage becomes large.

[0043] In contrast, the fuel cell of the first embodiment adopts the cathode electrode

catalyst layer 32 described below so that more oxygen from the atmospheric air may be

attracted to the cathode electrode catalyst layer 32 and more hydroxide ions may be

efficiently produced.

[0044] The cathode electrode catalyst layer 32 shown in FIG. 2 is formed by

applying catalyst-supported units in each which catalyst particles are supported on

carriers are applied to the anion exchange membrane 10 with an electrolyte solution 12

obtained by dissolving substantially the same components as those of the anion exchange

membrane 10. Concretely, the carrier (magnetic material/metal oxide) on which

catalysts are supported is formed by an alloy oxide 34. The alloy oxide 34 is an oxide

of an alloy whose main component is an iron oxide. Besides, the shape of the alloy

oxide 34 is a narrow elongated needle shape. Concretely, the aspect ratio of the alloy

oxide 34 is in the range of 10 to 100. Furthermore, the alloy oxide 34 is a magnetic

material having magnetism which has been magnetized in a magnetic field of 0.05 [T] or

greater as a gradient magnetic field [dH/dx].

[0045] The outer surface of the alloy oxide 34 is coated with a carbon coat 36. The

alloy oxide 34 coated with the carbon coat 36 supports many catalyst particles 38 fixed

thereto. The catalyst particles 38 are composed of Ni (nickel).

[0046] The thus-constructed catalyst-supported units are disposed so that the

direction of length of the alloy oxide 34 is perpendicular to the contact surface between

the anion exchange membrane 40 and the cathode electrode 30. It is to be noted herein

that the carriers have magnetism. Therefore, due to the magnetism of the

catalyst-supported units, the catalyst-supported units may be regularly arranged so that



the length direction thereof is perpendicular to the anion exchange membrane 10 when

the solution of the catalyst-supported units in the electrolyte solution 12 is applied to the

anion exchange membrane 10.

[0047] Incidentally, oxygen has magnetic moment, and has a relatively strong

tendency to be magnetically attracted. Therefore, since the alloy oxide 34 in the cathode

electrode catalyst layer 32 has magnetism, oxygen in the atmospheric air is attracted by

the magnetic force. Therefore, oxygen may be attracted and moved efficiently to the

surfaces of catalyst particles 38. The oxygen having reached the catalyst particles 38

adsorbs to the surfaces of the catalyst particles 38, and is decomposed to produce

hydroxide ions as in the foregoing equation (3). Therefore, due to the use of the catalyst

layer 32 in which the catalyst carriers are formed of a magnetic material, a greater

amount of oxygen may be attracted to the catalyst particles 38, so that the production of

hydroxide ions will be accelerated and the power generation performance will be

improved, even in the case where, for example, a low-current density region lacks

oxygen.

[0048] On the other hand, the hydroxide ions thus produced do not have a tendency

to be magnetically attracted. Therefore, when hydroxide ions are produced from oxygen,

the hydroxide ions easily leave the cathode electrode catalyst layer 32 and move into the

anion exchange membrane 10.

[0049] Besides, the catalyst-supported units are formed in a needle shape, and are

disposed so that the catalyst-supported units are protruded in the length direction thereof

from the anion exchange membrane 10. Therefore, as a whole, the area of the reaction

surfaces (three-layer interfaces) in the cathode electrode catalyst layer 32 may be

increased. This will further raise the oxygen reduction reaction rate in the cathode

electrode catalyst layer 32, and therefore will heighten the power generation

performance.

[0050] FIG. 3 is a diagram for describing processes of forming the cathode electrode

catalyst layer 32 in the first embodiment of the invention. As shown in FIG. 3, to form

the cathode electrode catalyst layer 32, needle-shape bodies of an alloy oxide 34 whose



main component is iron are made, and are coated with the carbon coat 36 (S102). The

making of the alloy oxide 34 and the coating thereof may be accomplished by known

methods, and detailed descriptions thereof are omitted herein.

[0051] Next, a Ni-acetate solution is prepared (S104). The concentration of the

Ni-acetate solution herein is approximately in the range of 0.005 [mol/1] to 10 [mol/1].

The needle-shape bodies made in step S102 are mixed into the prepared Ni-acetate

solution (S106). The amount of the needle-shape bodies for 1 [L] of the Ni-acetate

solution is in the range of 5 [g] to 100 [g]. In this step, a state in which Ni ions are

adsorbed to the needle-shape bodies is obtained.

[0052] After that, filtration is performed to obtain the alloy oxide from the solution

(S108). The filtered alloy oxide is dried (SIlO). After that, a heat treatment is

performed at 300 to 400 [0C] in an inert atmosphere (S112). This results in a state in

which Ni is fixed and supported on the carrier (needle-shape bodies).

[0053] Next, magnetization is performed (S114). In this step, the alloy oxide 34 is

magnetized in a gradient magnetic field [dH/dx] of 0.05 [T] or greater. The

catalyst-supported units formed so that the alloy oxide 34 has magnetism are mixed with

the solution 12 containing the same components as the anion exchange membrane 10, and

the mixture is applied to the surface of the anion exchange membrane 10. As a result,

the cathode electrode catalyst layer 32 is formed on the surface of the anion exchange

membrane 10.

[0054] FIG. 4 is a diagram comparing the I-V characteristics of a cell employing a

cathode electrode in which the Ni catalyst was supported on a carbon powder and a cell

employing a cathode electrode in which the Ni catalyst was supported on a magnetic

powder. In FIG. 4, the horizontal axis represents the current density [A/cm2], and the

vertical axis represents the voltage [V]. In FIG. 4, the curve plotted with squares

represents the fuel cell in accordance with a comparative example, and the curve plotted

with solid circles represent the fuel cell in accordance with the first embodiment. From

FIG. 4, it is seen that the fuel cell of the first embodiment was higher in the voltage

relative to the current density, and therefore was improved in power generation



performance, in comparison with the fuel cell of the comparative example.

[0055] The first embodiment is described above in conjunction with the case where

Ni is used for the catalyst particles 38. However, the invention is not limited so. Any

other catalyst may also be used as long as it has a necessary function as the catalyst.

Concretely, at least one metal selected from the group consisting of iron(Fe), cobalt(Co),

nickel (Ni) and platinum(Pt) may be used for the catalyst particles.

[0056] For example, in the case catalyst particles of Fe-Co-Ni are used instead of the

catalyst particles 38 of Ni, an electrode catalyst may be formed by preparing a Fe-acetate

solution, a Co-acetate solution and a Ni-acetate solution instead of the Ni-acetate solution

in step S104, and mixing the solutions, and mixing into the mixed solution the

needle-shape bodies as a carrier, and then performing the filtration, the heat treatment, etc.

In addition, the concentration of each of the Fe-acetate solution, the Ni-acetate solution

and the Co-acetate solution may be approximately in the range of 0.05 [mol/1] to 10

[mol/1].

[0057] FIG. 5 is a diagram comparing the I-V characteristics of a cell employing a

cathode electrode in which the Fe-Co-Ni catalyst was supported on a carbon powder and

a cell employing a cathode electrode in which the Fe-Co-Ni catalyst was supported on a

magnetic powder. In FIG. 5, the horizontal axis represents the current density [A/cm ],

and the vertical axis represents the voltage [V]. Besides, in FIG. 5, the curve plotted

with squares represents the fuel cell in accordance with a comparative example, and the

curve plotted with solid circles represent the fuel cell in accordance with a modification

of the first embodiment. In addition, in these examples, too, the anode electrode 20 and

the cathode electrode 30 employed the same electrode catalyst, that is, the electrode

catalyst in which the catalyst particles of Fe-Co-Ni were supported on the alloy oxide 34

having magnetism.

[0058] From FIG. 5, it may be seen that, in the case where catalyst particles of

Fe-Co-Ni were supported on the alloy oxide 34 having magnetism, the voltage relative to

the current density was higher and the power generation performance was improved, in

comparison with the case where the catalyst particles of Fe-Co-Ni were supported merely



on carbon powder.

[0059] Furthermore, it may be understood that, in the case where the catalyst

particles of Fe-Co-Ni were employed, higher catalyst-performance was exhibited than in

the case where the catalyst particles of Ni were employed. A reason for this is

considered to be that, in the case where the catalyst particles of Fe-Co-Ni were employed,

the catalyst particles of Fe-Co-Ni in the anode electrode 20 have the effect of breaking

C-C bonds. That is, it is considered that in the case where the anode electrode 20 side is

supplied with ethanol as a fuel, the C-C bonds of the fuel are efficiently broken in the fuel

electrode side, so that hydrogen ions may be quickly produced from the fuel.

[0060] Furthermore, the first embodiment is described above in conjunction with the

case where the anode electrode 20 and the cathode electrode 30 are constructed of

identical electrode catalyst layers. However, in the invention, the construction of the

catalyst layer of the anode electrode 20 does not altogether need to be the same as that of

the cathode electrode 30. For example, in the catalyst layer of the anode electrode 20,

the carriers on which catalysts are supported may also be supports that do not have

magnetism. Examples of the construction materials of the anode electrode catalyst layer

include materials constructed of Fe, CO, Ni, Pt, or the like, materials in which one or

more of these metals are supported on carriers made of carbon or the like, organic metal

complexes whose center metals are any one or more of these metals, materials in which

any of such organic metal complexes is supported on carriers, etc. Besides, a diffusion

layer constructed of a porous material or the like may be disposed on a surface of each

electrode catalyst layer.

[0061] Besides, the first embodiment uses, as the carrier in the catalyst-supported

units in the cathode electrode catalyst layer 32, needle-shape bodies in which the alloy

oxide 34 whose main component is iron is coated with the carbon coat 36 and is

magnetized. However, in the invention, the carrier is not limited so. In the invention,

any other carrier may also be used as the carrier on which catalysts are supported in the

cathode electrode catalyst layer 32 as long as the carrier is able to support the catalyst

particles 38 and has magnetism. The carrier is described above in conjunction with the



case where the carrier is a needle-shape body whose aspect ratio is in the range of 10 to

100. The adoption of this shape of the carrier may increase the reaction surface of the

catalyst, and therefore may improve the power generation performance. However, the

aspect ratio of the carrier (magnetic material/metal oxide) in the invention may also be

outside the aforementioned range. Besides, the carrier is not limited to the carrier of an

elongated shape.

[0062] Furthermore, the first embodiment is described above in conjunction with the

case where the intensity of the gradient magnetic field [dH/dx] for magnetizing the alloy

oxide 34 as a carrier is 0.05 [T] or greater. The magnetization in a magnetic field whose

intensity is within this range is effective in order to effectively attract oxygen in the

atmospheric air to the electrode catalyst. However, the invention is not limited so.

Concretely, the magnetic material may also be a material that is magnetized in a gradient

magnetic field [dH/dx] of 0.01 [T] or greater. The intensity of the magnetic field for the

magnetization is not limited to this range, but may also be within an even smaller range.

[0063] Furthermore, although the first embodiment is described above in conjunction

with an example of the formation method for the cathode electrode catalyst layer 32, the

cathode electrode catalyst layer 32 is not limited to the layer formed according to the

above-described formation method, but may also be a layer formed by a different method

in the invention. Therefore, none of the concentration of the acetic acid solution used in

the formation method, the temperature of the heat treatment, etc. limits the invention.

[0064] Furthermore, the first embodiment is described above in conjunction with the

case where ethanol is used as a fuel. That is because ethanol is available at a relatively

low cost, and allows efficient electric power generation. However, the fuel in the

invention is not limited to ethanol. As described above in conjunction with the first

embodiment, the conceivable fuels for use in the case the anion exchange membrane 10

are used as an ion exchange membrane are, for example, methane, ammonium, etc.,

besides ethanol.

[0065] The fuel cell in the second embodiment has the same structure as the fuel cell

of the first embodiment, except that the catalyst particles are different from those used in



the fuel cell of the first embodiment. Concretely, in the fuel cell of the second

embodiment, the carriers on which catalysts are supported constituting the cathode

electrode catalyst layer 32 is a carrier obtained by magnetizing a pulverized oxide of an

Fe-Co alloy. The mixture ratio of Co in the alloy oxide is appropriately in the range of 5

to 30%. As in the first embodiment, the alloy oxide is magnetized in a gradient

magnetic field [dH/dx] of 0.05 [T] or greater, and therefore has magnetism. Platinum

(Pt) is used for the catalyst particles.

[0066] Even in the case where an oxide of a Fe-Co alloy is magnetized, the

magnetism is also able to attract oxygen in the atmospheric air to the cathode electrode

30. Therefore, the concentration overvoltage at the cathode electrode 30 side may be

reduced, and the power generation performance of the fuel cell may be effectively

improved.

[0067] FIG. 6 is a diagram for describing a formation method for an electrode

catalyst of a fuel cell in the second embodiment of the invention. The method shown in

FIG. 6 has the same processes as the method of FIG. 3, except that the method of FIG. 6

has a process of steps S302 to S314 instead of the process of step S102 to S106 prior to

step S108 in FIG. 3.

[0068] Concretely, in the method shown in FIG. 6, firstly Fe and Co are mixed

(S302). In this step, the mixture ratio of Co to the total amount of Fe and Co is

approximately in the range of 5 to 30%. Next, Fe and Co are melted, and then are

cooled (S304, S306). This produces an oxide of an alloy of Fe and Co. Next, the

produced alloy oxide is pulverized to a size of 1 [µm] to 0.1 [µm] (S308). In the second

embodiment, this pulverized alloy oxide is used as a carrier in the cathode electrode

catalyst layer 32.

[0069] In step S310 in FIG. 6, a platinum chloride aqueous solution is prepared.

The concentration of the platinum chloride aqueous solution is approximately in the

range of 0.005 [mol/1] to 10 [mol/1]. The alloy oxide formed in step S308 is mixed into

the platinum chloride aqueous solution (S312). After that, the mixture liquid is heated.

This precipitates Pt, resulting in a state in which Pt is fixed to the alloy oxide.



[0070] After that, filtration, desiccation and heat treatment are performed as in steps

S108 to S114 in FIG. 3 (S316 to S322). This results in formation of catalyst-supported

units in which catalyst particles of Pt are supported on the alloy oxide. After that, the

alloy oxide of the catalyst-supported units is magnetized (S322). The catalyst-supported

units formed as described above are mixed into a solution containing the same

components as the anion exchange membrane 10, and the mixture is applied to the

surface of the anion exchange membrane 10. Thus, a cathode electrode catalyst layer is

formed.

[0071] FIG. 7 is a diagram for describing the relationships between the current

density and the voltage with regard to a fuel cell having a cathode electrode catalyst layer

of the second embodiment and a fuel cell of a comparative example. FIG. 7 is a diagram

comparing the I-V characteristics of a cell employing a cathode electrode in which the Pt

catalyst was supported on a carbon powder and a cell employing a cathode electrode in

which the Pt catalyst was supported on a magnetic powder. In FIG. 7, the horizontal

axis represents the current density [A/cm2], and the vertical axis represents the voltage

[V]. Besides, in FIG. 7, the curve plotted with squares represents the current

density-voltage relationship of the fuel cell of the comparative example, and the curve

plotted with solid circles represents the current density-voltage relationship of the fuel

cell of the second embodiment. From FIG. 7, it may be seen that, in the fuel cell of the

second embodiment in which Pt is supported on a carrier made of a magnetic alloy oxide,

the voltage relative to the current density is higher and the power generation performance

is improved in comparison with the fuel cell of the comparative example.

[0072] The second embodiment is described above in conjunction with the case

where catalyst particles of Pt are supported. However, the catalyst particles in the

invention are not limited to particles of Pt, but may also be of Ni, or an Fe-Co-Ni alloy, or

the like, as described above in conjunction with the first embodiment. In the fuel cell in

the invention, the electric power generation reaction is conducted in an alkaline

environment. Therefore, even if such a metal as Ni, Fe or the like is used as an

electrode catalyst, corrosion of the metal does not occur. Furthermore, the use of Ni and



Fe allows manufacture of a catalyst at low cost, and therefore allows a cost reduction of

the fuel cell, in comparison with the case where Pt is used.

[0073] Furthermore, in the second embodiment, in the case where a Fe-Co-Ni alloy

is used for the catalyst particles, the use of substantially the same electrode as the anode

electrode will achieve the efficient breaking of C-C bonds, and will heighten the fuel

utilization rate. Thus, the power generation performance may be further improved.

[0074] Furthermore, the second embodiment is described above in conjunction with

the case where an alloy of Fe and Co is used as a carrier. However, the alloy oxide is

not limited so, but may also be a pulverized product of another metal oxide that may be

magnetized.

[0075] According to the invention, due to the magnetization, the oxygen in the

supplied reactant gas may be attracted to the electrode catalyst. Therefore, the catalyst

function of the electrode catalyst may be heightened.

[0076] Furthermore, in the case where the magnetic material is a metal oxide

containing iron or a metal oxide containing iron and cobalt, the electrode catalyst may be

reliably made to have magnetism, and the catalyst function may be heightened.

[0077] Furthermore, in the case where the magnetic material has a needle-shape

body whose aspect ratio is in the range of 10 to 100, the reaction surface of the electrode

catalyst may be increased, and therefore the power generation performance may be

improved.

[0078] Furthermore, in the case where the catalyst particles are particles made of at

least one metal of the group consisting of iron, cobalt, nickel and platinum, the catalyst

function of the electrode catalyst may be reliably obtained. Besides, the use of the

catalyst particles of nickel, cobalt or iron may provide an electrode catalyst at a further

reduced cost.

[0079] Furthermore, in the case where the catalyst particles are particles made of

iron, cobalt and nickel, C-C bonds may be more effectively broken. Therefore, even in

the case where the catalyst particles are used as the electrode catalyst in the anode

electrode side, the reaction on the electrode catalyst may be accelerated, so that the



catalyst function may be improved.

[0080] In the case where the electrode catalyst in accordance with the invention is

used as the electrode catalyst in the cathode electrode side, the reaction rate of oxygen in

the cathode electrode in particular may be raised, so that a fuel cell with even higher

power generation performance may be obtained.

[0081] Furthermore, in the case where the electrode catalyst for an alkaline fuel cell

is formed by magnetizing the metal oxide after catalyst particles are supported on the

metal oxide, an electrode catalyst whose catalyst function is heightened by magnetizing

the metal oxide may be obtained.

[0082] Furthermore, in the case where the metal oxide is magnetized in a gradient

magnetic field of 0.01 [T] or greater or of 0.05 [T] or greater, the electrode catalyst may

be reliably provided with magnetism of a needed intensity, and therefore an electrode

catalyst with a high catalyst function may be obtained.

[0083] If in the embodiment of the invention, numerical values regarding the number

of pieces or the like, the quantity, the amount, the range, etc., of any of the component

elements of the foregoing embodiments or the like are referred to, the numerical values

are not restrictive, except for the case where a numerical value is particularly explicitly

presented, or is specifically determined with theoretical clearness. Besides, the

structures, the steps in the method, etc., described with the embodiments are not

necessarily essential to the invention, except for the case where a structure, a step, or the

like is particularly explicitly presented, or is specifically determined with theoretical

clearness.



CLAIMS

1. An electrode catalyst for an alkaline fuel cell, comprising:

a magnetic material provided as a carrier that has magnetism; and

catalyst particles supported on the magnetic material.

2. The electrode catalyst for an alkaline fuel cell according to claim 1, wherein the

magnetic material is an oxide of an alloy.

3. The electrode catalyst for an alkaline fuel cell according to claim 1, wherein the

magnetic material is an oxide of metal that contains iron.

4. The electrode catalyst for an alkaline fuel cell according to any one of claims 1 to 3,

wherein the magnetic material is an oxide of metal that contains iron and cobalt.

5. The electrode catalyst for an alkaline fuel cell according to claim 4, wherein a mixture

ratio of cobalt to a total amount of iron and cobalt in the oxide of metal is substantially in

a range of 5 to 30%.

6. The electrode catalyst for an alkaline fuel cell according to any one of claims 1 to 5,

wherein the magnetic material has a narrow long needle-like shape having an aspect ratio

in a range of 10 to 100.

7. The electrode catalyst for an alkaline fuel cell according to claim 6, wherein the

magnetic material is disposed toward the electrode so that a length direction of the

magnetic material is perpendicular to the contact surface between an electrolyte

membrane and an electrode.

8. The electrode catalyst for an alkaline fuel cell according to any one of claims 1 to 7,

wherein the catalyst particles are particles made up of at least one metal selected from a



group consisting of iron, cobalt, nickel and platinum.

9. The electrode catalyst for an alkaline fuel cell according to claim 8, wherein the

catalyst particles are particles made up of iron, cobalt and nickel.

10. The electrode catalyst for an alkaline fuel cell according to claim 8, wherein the

catalyst particles are particles made up of nickel.

11. An alkaline fuel cell comprising:

an electrolyte through which a negative ion is allowed to permeate;

an anode electrode disposed on one side of the electrode; and

a cathode electrode disposed on the other side of the electrode, wherein the cathode

electrode has the electrode catalyst according to any one of claims 1 to 10.

12. The alkaline fuel cell according to claim 11, wherein the anode electrode has the

electrode catalyst according to any one of claims 1 to 10.

13. A formation method for an alkaline fuel cell electrode catalyst, comprising:

attaching an ion of a catalyst metal component to a metal oxide by immersing the

metal oxide in a solution containing the ion of the catalyst metal component;

separating the metal oxide from the solution;

heating the metal oxide; and

magnetizing the metal oxide after supporting the catalyst metal component on the

metal oxide.

14. A formation method for an alkaline fuel cell electrode catalyst, comprising:

pulverizing alloy oxide;

mixing the pulverized alloy oxide with a solution containing an ion of a catalyst metal

component;



heating a mixture of the solution and the pulverized alloy oxide;

separating the metal oxide from the mixture of the solution and the pulverized alloy

oxide;

heating the metal oxide; and

magnetizing the metal oxide after supporting the catalyst metal component on the

metal oxide.

15. The formation method according to claim 13 or 14, wherein the metal oxide contains

iron.

16. The formation method according to any one of claims 13 to 15, wherein the metal

oxide contains iron and cobalt.

17. The formation method according to any one of claims 13 to 16, wherein the magnetic

material has a narrow long needle-like shape having an aspect ratio in a range of 10 to

100.

18. The formation method according to any one of claims 13 to 17, wherein catalyst

particles are particles made up of at least one metal selected from a group consisting of

iron, cobalt, nickel and platinum.

19. The formation method according to claim 18, wherein the catalyst particles are

particles made up of iron, cobalt and nickel.

20. The formation method according to claim 19, wherein the solution containing the ion

of the catalyst metal component is obtained by mixing a solution of iron, a solution of

cobalt and a solution of nickel whose concentrations are substantially equal.

21. The formation method according to any one of claims 13 to 20, wherein the metal



oxide is magnetized in a gradient magnetic field of at least 0.01 [T] or greater.

22. The formation method according to claim 21, wherein the metal oxide is magnetized

in a gradient magnetic field of at least 0.05 [T] or greater.
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