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Description

[0001] The present invention relates to an anion-exchange membrane-type fuel cell and to an operating method for
an anion-exchange membrane-type fuel cell comprising an anion-exchange membrane-electrode assembly obtained
by joining an anode to one surface of an anion-exchange membrane and joining a cathode to the other surface.
[0002] A solid polymer type fuel cell uses solid polymer such as ion-exchange resin as an electrolyte, and is charac-
terized by relatively low operating temperature. The solid polymer type fuel cell has, as shown in FIG. 1, a basic structure
wherein a space surrounded by cell bulkhead 1 having a fuel flow hole 2 and oxidizing agent gas flow hole 3, respectively
communicated with outside, is divided by a membrane assembly in which an anode 4 and a cathode 5 are joined to
respective surfaces of a solid polymer electrolyte membrane 6, to form an anode chamber 7 communicated with outside
via the fuel flow hole 2 and a cathode chamber 8 communicated with outside via the oxidizing agent gas flow hole 3.
Then, in the solid polymer type fuel cell having the above basic structure, a fuel including hydrogen gas or liquid fuel
such as methanol, etc. is supplied into the anode chamber 7 via the fuel flow hole 2, and oxygen or oxygen containing
gas such as air to act as an oxidizing agent is supplied into the cathode chamber 8 via the oxidizing agent gas flow hole
3. Furthermore, an external load circuit is connected between both gas diffusion electrodes to generate electric energy
by the following mechanism.
[0003] When using a cation-exchange membrane as the solid polymer electrolyte membrane 6, a proton (hydrogen
ion) generated by contacting a fuel with a catalyst included in the electrode in the anode 4 conducts in the solid polymer
electrolyte membrane 6 and moves into the cathode chamber 8 to generate water by reacting with oxygen in the oxidizing
agent gas in the cathode 5. On the other hand, an electron, generated in the anode 4 simultaneously with the proton,
moves to the cathode 5 through the external load circuit, so that it is possible to use the energy from the above reaction
as an electric energy.
[0004] In a solid polymer type fuel cell wherein a cation-exchange membrane is used for such a solid electrolyte
membrane, only an expensive noble metal catalyst is usable as a catalyst in the electrode because of its strongly acidic
reaction field
[0005] Then, it has been examined to use an anion-exchange membrane instead of the cation-exchange membrane,
and several of such solid polymer type fuel cells have been already proposed (Patent Articles 1 to 6). In a fuel cell using
an anion-exchange membrane, catalysts other than noble metals can be used because the reaction field is basic.
However, in this case, a mechanism for generating electric energy in a solid polymer type fuel cell is different in ion
species moving through a solid polymer electrolyte membrane 6 as below. Namely, hydrogen or methanol, etc. is supplied
to the anode chamber, and oxygen and water are supplied to the cathode chamber, by which the catalyst in the electrode
is contacted with the oxygen and water at the cathode 5 to generate hydroxy-ion. This hydroxy-ion conducts in the above
anion-exchange membrane as the solid polymer electrolyte membrane 6 and moves into the anode chamber 7 to
generate water by reacting with fuel at the anode 4. An electron generated at the anode 4 is moved to the cathode 5
through an external load circuit, and the resulting reaction energy will be used as an electric energy.
[0006] In the solid polymer electrolyte type fuel cell using an anion-exchange membrane, it is further expected to
greatly reduce crossover that the fuel such as methanol is permeated from the anode chamber side to the cathode
chamber side. Furthermore, it is expected that, for example, overvoltage due to oxygen reduction can be reduced; that
fuel containing carbon-carbon bond can be used; and that voltage can be improved due to selecting an inactive cathode
catalyst to the crossover fuel, because of difference in atmospheres in both electrodes and because of expansion of the
scope of available catalyst selection.
[0007] So far, it has been proposed for an anion-exchange membrane-type fuel cell to use a membrane obtained by
filling up a porous membrane such as woven fabric with hydrocarbon-based cross-linked polymer having an anion
exchange group such as quaternary ammonium base and quaternary pyridinium base (Patent Article 1), a membrane
obtained by introducing a quaternary ammonium base into hydrocarbon-based engineering plastics followed by casting
for film-forming (Patent Article 2), etc., as well as a membrane obtained by graft polymerization of a polymer containing
fluorine as a base material with a hydrocarbon-based monomer having an anion-exchange group (Patent Article 3).
Also, it is proposed to use a hydrocarbon-based elastomer hardly soluble in water and methanol (Patent Article 4) and
resin quaternarized by a quaternarizing agent having a hydroxyl group (Patent Article 5) as an ionomer of a catalyst
electrode layer, etc., as well as separation membrane with improved joining property with the catalyst electrode layer
by adsorbing resin having a cation-exchange group onto the surface of the anion-exchange membrane (Patent Article 6).

Patent Articles

[0008]

[Patent Article 1] Japanese Unexamined Patent Publication No. H11-135137
[Patent Article 2] Japanese Unexamined Patent Publication No. H11-273695
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[Patent Article 3] Japanese Unexamined Patent Publication No. 2000-331693
[Patent Article 4] Japanese Unexamined Patent Publication No. 2002-367626
[Patent Article 5] Japanese Unexamined Patent Publication No. 2007-188788
[Patent Article 6] Japanese Unexamined Patent Publication No. 2007-042617

[0009] In these anion-exchange membrane-type fuel cells, electricity is generated by supplying air or oxygen to the
cathode chamber. The air is practically preferable in view of safety and cost, but is lower in output level than oxygen.
[0010] Therefore, it is required to stably obtain higher output when supplying the air, practically preferable in terms of
safety and cost, in the anion-exchange membrane-type fuel cell for generating electricity.
[0011] The present inventors have studied variously for attaining high output in terms of an anion-exchange membrane-
type fuel cell in which air, practically preferable in safety and cost, is supplied to a cathode chamber. As a result, it was
found that the output can be improved by supplying air with a reduced concentration of carbon dioxide to the cathode
chamber, and accomplished the present invention.
[0012] Namely, the present invention relates to an operating method for an anion-exchange membrane-type fuel cell
comprising an anion-exchange membrane-electrode assembly in which an anode is joined to one side of an anion-
exchange membrane, a cathode is joined to the other side and air is supplied to the cathode, wherein the air supplied
to the cathode is reduced in concentration of carbon dioxide.
[0013] According to the operating method for an anion-exchange membrane-type fuel cell of the present invention, it
is possible to stably obtain high fuel cell output by using air which is practically preferable as an oxidizing agent gas.
Consequently, it is highly useful for practical application of the anion-exchange membrane-type fuel cell having various
advantages as mentioned above.
[0014] In the operating method for an anion-exchange membrane-type fuel cell of the present invention, air with a
reduced concentration of carbon dioxide is supplied to the cathode of the anion-exchange membrane-type fuel cell
comprising an anion-exchange membrane-electrode assembly in which the anode is joined to one side of the anion-
exchange membrane and the cathode is joined to the other side. The above concentration of carbon dioxide is preferably
reduced to 300 ppm or less.
[0015] The air with a reduced concentration of carbon dioxide here is obtained by substantively reducing the concen-
tration of carbon dioxide to preferably 300 ppm or less, more preferably 250 ppm or less, further preferably 100 ppm or
less and most preferably 10 ppm or less, in the ordinary air with carbon dioxide concentration of 380 ppm or so. This
air with a reduced concentration of carbon dioxide may be obtained by any method as far as it satisfies the above property.
[0016] According to the operating method of the present invention, it is possible to improve output of the anion-exchange
membrane-type fuel cell by supplying the air with a reduced concentration of carbon dioxide to the cathode. The reason
is not fully understood, but the following mechanism can be presumed.
[0017] Namely, in the anion-exchange membrane used for the anion-exchange membrane-type fuel cell, even when
a counterion of the anion exchange group is preliminarily ion-exchanged into OH-, carbon dioxide in air can be absorbed
due to exposure to air before the use as a fuel cell, etc., to rapidly substitute the counterion from OH- to CO3

2-, then
from the CO3

2- to HCO3
-.

[0018] Even in the case of substituting the counterion of the anion-exchange membrane with CO3
2- or HCO3

-, the
CO3

2- and HCO3
- as the counterion can again be ion-exchanged by OH- generated in electrode reaction at the cathode

chamber side during generating electricity by the fuel cell, and released as carbon dioxide gas outside the system at
operation of the fuel cell.
[0019] At that time, if directly supplying air to the cathode chamber, carbon dioxide in the air can continuously be
absorbed from the surface of the anion-exchange membrane at the side of the cathode, so that a part of the above CO3

2-

and HCO3
- as the counterion may remain without ion-exchanging to OH-. In the fuel cell with remaining CO3

2- and HCO3
-

as the counterion of the anion-exchange membrane, ion conductivity of the anion-exchange membrane is lower than in
an anion-exchange membrane in which all counterions are OH-, and also is low in concentration of OH- as an electrode
reactive species and in basicity in the electrode reaction field, so that overvoltage is also larger than in the anion-exchange
membrane in which all counterions are OH-. Therefore, the output is low compared to a fuel cell using the anion-exchange
membrane in which all counterions are OH-.
[0020] On the other hand, in the operating method in which the air with a reduced concentration of carbon dioxide is
supplied to the cathode chamber as in the present invention, it is estimated to improve fuel cell output because the
concentration of OH-, generated by ion-exchanging again in the above-mentioned mechanism, can be increased as a
result of decrease in an amount of carbon dioxide absorbed in the anion-exchange membrane at the cathode side during
operation.
[0021] The concentration of the carbon dioxide in the air supplied to the cathode chamber is preferably 300 ppm or
less, more preferably 250 ppm or less, further preferably 100 ppm or less and most preferably 10 ppm or less in view
of further improved fuel cell output.
[0022] Although commercially-supplied high-purity air in a bomb may directly be used as the air with a reduced con-
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centration of carbon dioxide, it is preferable to supply via a low carbon dioxide air supply system by which air is taken
in for reducing carbon dioxide concentration in the air to the desired concentration to supply to the cathode chamber in
view of cost and convenience that air with low carbon dioxide concentration can be stably supplied. For the low carbon
dioxide air supply system, any system can be used as far as the system has functions to take in air and to reduce
concentration of carbon dioxide in the air, followed by supplying the obtained air containing low concentration of carbon
dioxide to the cathode, and for reducing the concentration of carbon dioxide, any conventionally known method may be
used. For example, there may be mentioned chemical absorption technique using alkaline solution such as aqueous
sodium hydroxide solution and aqueous potassium hydroxide solution, or granular soda lime, able to selectively absorb
carbon dioxide, membrane isolation process using permselective film to isolate carbon dioxide gas, adsorption method
using adsorbent such as zeolite and activated carbon having a lot of fine pores, etc.
[0023] The low carbon dioxide air supply system can normally be provided between air-intake and cathode chamber.
[0024] In the operating method for an anion-exchange membrane-type fuel cell of the present invention, operating
conditions and constitution of the conventionally known anion-exchange membrane-type fuel cell can be employed
without any particular limitation except for supplying air with a reduced concentration of carbon dioxide to the cathode
as mentioned above.
[0025] Namely, as the fuel supplied to the anode chamber, gas fuel such as hydrogen and ammonia, and liquid fuel
such as methanol, ethanol, hydrazine and the aqueous solution thereof, in addition to those obtained by mixing the
above-mentioned liquid fuel with electrolyte such as sodium hydroxide can be used. Among these, the compounds not
containing carbon such as hydrogen, ammonia and hydrazine can preferably be used because of no carbon dioxide
generated via anode electrode reaction not to cause the problem that the generated carbon dioxide is absorbed in the
anion-exchange membrane. Particularly, due to high reaction activity and high output, hydrogen is most preferable as
the fuel supplied to the anode chamber.
[0026] When the liquid fuel is used, fuel concentration in the liquid fuel is normally 1 to 100 mass%. Also, the amount
supplied to the anode chamber depends on the fuel concentration, and is normally 0.1 to 5 cm3 /min per 1 cm2 of
electrode area.
[0027] When the gas fuel such as hydrogen is used, the fuel may be supplied without humidification, and preferably
supplied by using a humidifier and the like at relative humidity of 30 to 100%RH, more preferably 50 to 100%RH, for
preventing increased resistance due to drying of the anion-exchange membrane. The amount of the gas fuel supplied
to the anode chamber is normally 1 to 100 cm3 /min per 1 cm2 of electrode area.
[0028] The above air with a reduced concentration of carbon dioxide supplied to the cathode chamber preferably has
relative humidity of 30 to 100%RH, more preferably 50 to 100%RH. When the relative humidity is lower than 30%RH,
the anion-exchange membrane may be dried to cause high resistance and lowered output. When the atmospheric
humidity in operating environment of the fuel cell is within the above range, the above air may either be supplied without
humidity regulation, or be humidified and supplied by a humidifier.
[0029] The operating temperature of the anion-exchange membrane-type fuel cell of the present invention is normally
-30°C to 120°C, and preferably 20°C to 90°C considering high output and durability of used materials.
[0030] Also, in the anion-exchange membrane-type fuel cell of the present invention, the anion-exchange membrane
may absorb carbon dioxide due to exposure to gas containing carbon dioxide to further ion-exchange the counterion to
CO3

2- and HCO3
- while stopping electric generation. Consequently, it is also effective to stop supplying the air to the

cathode, or to substitute the cathode chamber and anode chamber with gas not containing carbon dioxide, while stopping
electric generation.
[0031] The anion-exchange membrane-type fuel cell in the operating method of the present invention includes an
anion-exchange membrane-electrode assembly in which the anode is joined to one side of the anion-exchange membrane
and the cathode is joined to the other side. Note that a variety of materials used for the above anion-exchange membrane-
electrode assembly and a production method of the assembly are not limited, and any materials and production methods
used in conventional polymer electrolyte-type fuel cells can be used without any limitation.
[0032] For example, any conventional anion-exchange membrane known to be used in a solid polymer electrolyte
membrane for a polymer electrolyte-type fuel cell can be used as the present anion-exchange membrane without limi-
tation. Among these, it is preferable to use a hydrocarbon-based anion-exchange membrane because it can suppress
permeability of the fuel including hydrogen gas and liquid fuel such as ethanol, and be inexpensively produced. The
anion-exchange membrane including hydrocarbon-based anion-exchange resin may be, for example, an anion-exchange
membrane obtained by cast film-forming of hydrocarbon-based anion-exchange resin in which a variety of functional
groups is introduced if necessary into engineering plastics material typified by polysulfone, polyether ketone, polyether
ether ketone, polybenzimidazole-based polymer and the like.
[0033] Preferably, the hydrocarbon-based anion-exchange membrane is an anion-exchange membrane having a
porous membrane as a base material in which cross-linked hydrocarbon-based anion-exchange resin is filled in void
part of the porous membrane. The anion-exchange membrane in which the cross-linked hydrocarbon-based anion-
exchange resin is thus ununiformly dispersed in the porous membrane has an advantage in increasing physical strength
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of the anion-exchange membrane without sacrificing electric resistance because the porous membrane works as a
reinforced section and further advantage in increasing chemical durability. Examples of the anion-exchange membrane
may include a membrane obtained by impregnating the void of the porous membrane with a polymerizable monomer
composition of chloromethylstyrene and divinylbenzene, of 4-vinylpyridine and divinylbenzene and the like; thermally
polymerizing the polymerizable composition; and further introducing the desired anion exchange group through treatment
such as amination and alkylation, as disclosed in Japanese Unexamined Patent Publication No. 2007-42617.
[0034] As the above porous membrane, thermoplastic resin woven fabric, unwoven fabric, porous film and the like
can generally be used, and it is preferable to use a porous film of thermoplastic resin including polyolefin resin such as
polyethylene, polypropylene and polymethylpentene, fluorine-based resin such as polytetrafluoroethylene, po-
ly(tetrafluoroethylene-hexafluoropropylene) and polyvinylidene fluoride, etc. as the porous membrane because gas per-
meability is low and it is possible to form a thin film.
[0035] As the anion exchange group present in the anion-exchange membrane, there may be mentioned primary to
tertiary amino group, quaternary ammonium base, pyridyl group, imidazole group, quaternary pyridinium base, quaternary
imidazolium base, etc. The quaternary ammonium base, i.e. a strongly basic group, is preferable in view of excellent
anion conductivity.
[0036] The above-mentioned anion-exchange membrane used in the present invention may be any counterion type,
and is preferably those in which a part or whole of counterions is ion-exchanged to OH- type in view of ease of increase
in ion conductivity of the anion-exchange membrane, concentration of OH- which is its electrode reactive species, and
basicity in the electrode reaction field. The ion-exchange to the OH- type can be done by a conventionally known method,
i.e. a method in which the anion-exchange membrane is immersed in alkaline solution such as aqueous solutions of
sodium hydroxide and potassium hydroxide. Normally, the ion-exchange is done by immersing the membrane in a
solution having alkaline concentration of 0.01 to 5 mol/L for 0.5 to 10 hours. It is also effective to repeat the ion-exchange
several times. Also, the ion-exchanged anion-exchange membrane is normally washed with water, dried, etc. if necessary
before use.
[0037] Also, the above counterion of the anion-exchange membrane is preferably HCO3

-, CO3
2-, or mixture thereof.

Due to such a counterion type, it is possible not only to obtain the anion-exchange membrane having stable membrane
characteristic regardless of a degree of absorption of carbon dioxide in air but also to improve stability of the anion
exchange group such as quaternary ammonium base. The exchange to the counterion can be done by immersing the
anion-exchange membrane in an aqueous solution of, for example, sodium carbonate, sodium bicarbonate and the like
as with the ion-exchange to OH- type.
[0038] The anion-exchange membrane used in the present invention normally has anion-exchange capacity of 0.2 to
3 mmol·g-1, preferably 0.5 to 2.5 mmol·g-1, and also, it is preferable to prepare the same so as to have water content at
25°C of 7 mass% or more, preferably 10 to 90 mass% or so, for hardly lowering anionic conductivity due to drying. Also,
thickness of the membrane is normally preferably 5 to 200 mm, more preferably 10 to 100 mm, in view of achieving low
electric resistance and providing mechanical strength required as a support membrane. By having these properties, the
anion-exchange membrane used in the present invention normally has membrane resistance of 0.05 to 1.5 Ω·cm2,
preferably 0.1 to 0.5 Ω·cm2, at 25°C in 0.5 mol/L-sodium chloride aqueous solution.
[0039] The anode and cathode of the anion-exchange membrane-electrode assembly in the present invention are not
particularly limited, and conventionally known anode and cathode used for a solid polymer electrolyte type fuel cell can
be used without any limitation. The anode and cathode are so called catalyst electrode layers comprising an electrode
catalyst and normally further comprising an anion conductive ionomer.
[0040] The catalyst electrode layer is obtained by, for example, (I) a method comprising the steps of adding a binding
agent and dispersion medium if necessary to the electrode catalyst to form a paste composition, directly shaping the
same into a roll or coating the same on a support layer material such as carbon paper followed by heat treatment to
obtain a layered product, coating for impregnation of an anion conductive ionomer solution on a surface to become a
joining surface to the anion-exchange membrane followed by drying if necessary, and thermal compression bonding
with the anion-exchange membrane; or (II) a method comprising the steps of adding an anion conductive ionomer as
well as a binding agent and dispersion medium if necessary to the electrode catalyst to form a paste composition, coating
the same on a support layer material such as carbon paper or coating the same on a removable film to transfer onto the
anion-exchange membrane or directly coating the same on the anion-exchange membrane, followed by drying, and
then thermal compression bonding with the anion-exchange membrane if necessary; etc. The above method (II) is more
preferable in view of increase in rate of utilization of the electrode catalyst of the catalyst electrode layer.
[0041] As the above ionomer, any conventionally known material having an anion exchange group in its molecule and
showing anionic conductivity can be used without any limitation.
[0042] For example, there may be mentioned resin having a halogenoalkyl group such as chloromethyl group, chlo-
roethyl group, chloropropyl group, chlorobutyl group, chloropentyl group, chlorohexyl group, bromomethyl group, bro-
moethyl group, bromopropyl group, bromobutyl group, bromopentyl group, bromohexyl group, iodomethyl group, iodoe-
thyl group and iodobutyl group, specifically resin obtained by amination of polychloromethyl styrene, poly(styrene-chlo-
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romethyl styrene) copolymer, polybromoethyl styrene, bromobutyl styrene, chloromethylated polysulfone, chlorometh-
ylated polyphenylene oxide, chloromethylated polyether ether ketone and the like, followed by introducing the corre-
sponding anion exchange group.
[0043] Alternatively, it is possible to use resin obtained by reacting poly-(4-vinylpyridine), poly-(2-vinylpyridine), poly-
vinylimidazole, poly-benzimidazole and the like with an alkylating agent such as methyl iodide, and introducing the
corresponding anion exchange group.
[0044] Particularly, it is preferable to use a hydrocarbon-based polymer elastomer having an anion exchange group
in its molecule and being hardly soluble in water and methanol, as disclosed in Japanese Unexamined Patent Publication
No. 2002-367626, considering joining property of the catalyst electrode layer to the above anion-exchange membrane,
solvent resistance of the catalyst electrode layer to liquid fuel, etc. as well as operability during the above mentioned
production of the catalyst electrode layer.
[0045] As the electrode catalyst of the catalyst electrode layer, any known electrode catalyst can be used without
particular limitation. Namely, metallic particle such as platinum, gold, silver palladium, iridium, rhodium, ruthenium, tin,
iron, cobalt, nickel, molybdenum, tungsten, vanadium or alloy thereof accelerating oxidizing reaction of the fuel such as
hydrogen and alcohol and reduction reaction of oxygen can be used without limitation, and it is preferable to use platinum
group catalyst due to excellent catalyst activity.
[0046] Also, it is possible to use a variety of metal oxides, which are not applicable to conventional strongly acidic
proton-exchange membrane, as the electrode catalyst in the anion-exchange membrane. For example, perovskite-type
oxide expressed by ABO3 which is excellent in oxidative activity can preferably be used. Specifically, the perovskite type
oxide such as LaMnO3, LaFeO3, LaCrO3, LaCoO3 and LaNiO3 can preferably be used as the electrode catalyst as well
as those in which A site of the above exemplified oxides is partially substituted by Sr, Ca, Ba, Ce, Ag and the like, and
those in which B site of the above exemplified oxides is partially substituted by Pd, Pt, Ru, Ag and the like.
[0047] Note that the particle diameter of the electrode catalyst is normally 0.1 to 100 nm, more preferably 0.5 to 10
nm. Although smaller particle diameter results in increased catalyst characteristic, it is difficult to prepare those having
a particle diameter of less than 0.5 nm; and when it is more than 100 nm, it is difficult to obtain sufficient catalyst
characteristic. Note that the catalyst may preliminarily be supported by a conductive agent. As the conductive agent,
any electron conducting substance can be used without particular limitation, and for example, it is common to use carbon
black such as furnace black and acetylene black, activated carbon, black lead and the like, either alone or in combination
thereof.
[0048] Content of the electrode catalyst can be normally 0.01 to 10 mg/cm2, more preferably 0.1 to 5.0 mg/cm2, in
terms of the mass of the electrode catalyst per unit area when the catalyst electrode layer is sheet-shaped.
[0049] Binding agent can be added to the catalyst electrode layer used in the present invention if necessary. As the
binding agent, a variety of thermoplastic resin can be generally used, and the preferably used thermoplastic resin may
include polytetrafluoroethylene, polyvinylidene fluoride, tetrafluoroethylene-perfluoroalkyl vinyl ether copolymer, poly-
ether ether ketone, polyether sulfone, styrene butadiene copolymer, acrylonitrile butadiene copolymer, etc. Content of
the binding agent can preferably be 5 to 25 wt% of the above catalyst electrode layer. Also, the binding agent may be
used alone or in combination of 2 or more.
[0050] Also, porous carbon materials, such as carbon fiber woven fabric and carbon paper, can normally be used as
the supporting layer material used if necessary for the catalyst electrode layer of the present invention. Thickness of the
support layer material is preferably 50 to 300 mm and its porosity can preferably be 50 to 90%. Normally, for forming the
catalyst electrode layer, a paste composition containing the above electrode catalyst can be filled within void of the
supporting layer material and bonded on the surface of the same such that the obtained catalyst electrode layer has a
thickness of 5 to 50 mm.
[0051] Also, in the above methods (I) and (II) for producing the catalyst electrode layer, the amount used of the above
anion conductive ionomer is not particularly limited, and in the above method (I), it is preferable to apply such that a
content of the anion conductive ionomer is 5 to 60 mass%, particularly 10 to 40 mass%, with respect to the catalyst
electrode layer in the range of 1 to 50% of the entire thickness based on the joining surface, in view of the effect for
giving ion conductivity. Also, in the above method (II), it is preferable to apply such that a content of the anion conductive
ionomer is 5 to 60 mass%, particularly 10 to 40 mass%, with respect to the total mass of the catalyst electrode layer.
[0052] Furthermore, the thermal compressing for joining the catalyst electrode layer to the anion-exchange membrane
in the above methods (I) and (II) can be done with an apparatus able to apply pressure and heat, i.e. hot pressing
machine, roll pressing machine and the like. Pressing temperature is generally 80°C to 200°C. The pressure can depend
on the thickness and hardness of the catalyst electrode layer, and normally be 0.5 to 20 MPa.
[0053] Thus-produced anion-exchange membrane-electrode assembly can be used by mounting in a solid electrolyte
fuel cell having the basic structure as shown in the above FIG. 1
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EXAMPLES

[0054] Hereinafter, the present invention will be explained further in detail based on examples, but the present invention
is not limited to the examples. Note that operation characteristics of a fuel cell evaluated in examples and comparative
examples will be explained below.

1) Measurements of Rate of Counterion Species

[0055] Contents of OH- ion, CO3
2- ion and HCO3

- ion in an anion-exchange membrane-catalyst electrode assembly
were measured to calculate rate (mol%) of each counterion species from each of the obtained counterion content.
[0056] Whole measurements of contents of OH- ion, CO3

2- ion and HCO3
- ion in the anion-exchange membrane-

catalyst electrode assembly were done in a nitrogen-substituted glove box.
[0057] Y g of the anion-exchange membrane-catalyst electrode assembly was immersed in 100 ml of 1 mol/L-NaCl
aqueous solution for 5 hours or longer. The obtained immersion fluid was titrated with 0.1 mol/L-hydrochloric acid aqueous
solution by using 0.1 mol/L-phenolphthalein ethanol solution as an indicator to measure titer (V1 ml) at the end point
when the color changed from red to colorless. With this titration, neutralized amount of OH- ion and converting amount
of CO3

2-ion to HCO3
-ion were measured. Then, the same immersion fluid was added with ethanol solution of a mixture

of bromocresol green and methyl red (0.075 mass% of bromocresol green and 0.05 mass% of methyl red) as an indicator,
and continuously titrated with 0.1 mol/L-hydrochloric acid aqueous solution to measure titer (V2 ml) at the end point
when the color changed from green to orange. With this second titration, neutralized amount of HCO3

- ion was measured.
[0058] Note that the contents of OH- ion, CO3

2- ion and HCO3
- ion in the anion-exchange membrane-catalyst electrode

assembly can be calculated as below when the titers V1 and V2 satisfy the following relations, respectively, because
OH- ion and HCO3

- ion never coexist due to the relation of pKa.
[0059] (When V1 > V2) only OH- ion and CO3

2- ion are present as ion species. 

[0060] (When V1 < V2) only CO3
2- ion and HCO3

- ion are present as ion species. 

[0061] (When V1 = V2) only CO3
2- ion is present as ion species. 

2) Evaluation of Anion-Exchange Membrane-Type Fuel Cell

(Preparation of Anion-Exchange Membrane)

[0062] Polyethylene-based porous membrane (where thickness of the membrane was 25 mm, average particle size
was 0.03 mm and porosity was 37%) was impregnated with polymerizable monomer composition comprising 97 parts
by mass of chloromethylstyrene, 3 parts by mass of divinylbenzene, 5 parts by mass of ethylene glycol diglycidylether
and 5 parts by mass of t-butylperoxy ethyl hexanoate. 100 mm-polyester film was used as a remover to coat the both
surfaces of the porous membrane, followed by thermal polymerization under nitrogen pressure of 0.3 MPa at 80°C for
5 hours. The obtained membrane-shaped product was immersed in an aqueous solution including 6 mass% of trimeth-
ylamine and 25 mass% of acetone at room temperature for 16 hours, so that an anion-exchange membrane having a
quaternary ammonium base as an anion exchange group for a fuel cell was obtained.
[0063] The anion-exchange capacity of the obtained anion-exchange membrane was 1.8 mmol/g, water content was
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25 mass%, and dried thickness of the membrane was 28 mm.
[0064] The anion-exchange membrane was impregnated with 0.5 mol/L of aqueous sodium hydroxide solution to ion-
exchange the counterion of the anion exchange group to OH-.
[0065] Then, the membrane was left undisturbed in the air for 12 hours or longer to use for fuel cell output evaluation.
All counterions of the anion-exchange membrane were converted to HCO3

- at this time.

(Preparation of Anion-Exchange Membrane-Catalyst Electrode Assembly)

[0066] Chloromethylated {polystyrene-poly(ethylene-butylene)-polystyrene} triblock copolymer (Tuftec H1031 made
by Asahi Kasei Chemicals Corporation) was immersed in an aqueous solution including 6 mass% of trimethylamine and
25 mass% of acetone at room temperature for 16 hours, and further immersed in 0.5 mol/L-NaOH aqueous solution for
10 hours or longer to synthesize an (OH-type) anion conductive ionomer for a catalyst electrode layer. The ionomer had
a weight average molecular weight of 30,000 and anion-exchange capacity of 1.5 mmol/g-dry resin.
[0067] The ionomer was dissolved in 1-propanol in an autoclave at 130°C for 3 hours to obtain an ionomer solution
having a concentration of 5 mass%.
[0068] Next, the above ionomer solution was mixed with carbon black, in which 50 mass% of platinum catalyst having
average particle diameter of 2 nm was supported, to prepare a composition for forming a catalyst electrode layer. Then,
the composition was printed on one surface of the anion-exchange membrane, and dried in the air at 25°C for 12 hours
or longer. Furthermore, the other surface of the anion-exchange membrane was similarly formed with a catalyst electrode
layer to obtain an anion-exchange membrane-catalyst electrode assembly. It was controlled such that both surfaces
had platinum amount of 0.4 mg/cm2, and ionomer content in the catalyst electrode layer was 30 mass%. Also, the areas
of respective catalyst electrode layers were 5 cm2. Note that the counterions of the anion exchange group in the anion-
exchange membrane-catalyst electrode assembly were all HCO3

-.

(Fuel Cell Output Test)

[0069] On both surfaces of the obtained anion-exchange membrane-catalyst electrode assembly, carbon clothes
having a thickness of 300 mm which was treated with polytetrafluoroethylene for water repellent finishing (EC-CC1-060T
made by ElectroChem, Inc.) were layered, which was then installed in a fuel cell shown in FIG. 1. Next, the fuel cell
temperature was set at 50°C, hydrogen humidified to 95%RH at 50°C was supplied into the anode chamber at 50 ml/min,
and air humidified to 95%RH at 50°C was supplied into the cathode chamber at 200 ml/min to conduct a generating
electricity test. The air used here was obtained by, for example, mixing carbon dioxide in a carbon dioxide bomb with
high-purity air to adjust carbon dioxide concentration. At the start of the test and after generating electricity at cell voltage
of 0.2V for 2 hours, cell voltage (open-circuit voltage) at current density of 0 A/cm2 and cell voltage at 0.2 A/cm2 were
measured to evaluate the output. Note that carbon dioxide concentration in the air was obtained by providing an FT-IR
measurement cell in air supply line to the cathode chamber and evaluating the air flowing thereto with FT-IR.

(Example 1)

[0070] The air having carbon dioxide concentration of 250 ppm was supplied to the cathode chamber to conduct output
test. The results are shown in Table 1. Also, the fuel cell after output evaluation was disassembled, and the removed
anion-exchange membrane-catalyst electrode assembly was immediately moved into a nitrogen-substituted glove box
to measure the rate of counterion species of the anion exchange group in the anion-exchange membrane-catalyst
electrode assembly. The results are also shown in Table 1. Note that the rate of counterion species at the start of the
output test means the rate of counterion species of the anion exchange group in the anion-exchange membrane-catalyst
electrode assembly before it is installed into the cell.

(Examples 2 and 3)

[0071] Changing the carbon dioxide concentration of the air supplied to the cathode chamber to the values shown in
Table 1, the output test was conducted and the rate of counterion species was measured as with Example 1. The results
are shown in Table 1. Note that for Example 3, the output was also evaluated after generating electricity at cell voltage
of 0.2V for 10 hours.

(Example 4)

[0072] 300 ml of 0.5 mol/L-aqueous sodium hydroxide solution was put in a gas washing glass bottle, and this was
connected in series to the cathode chamber side supply line of the fuel cell shown in FIG. 1 as a low carbon dioxide air
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supply system. Except for supplying the air in which carbon dioxide concentration was not adjusted directly to the system,
output test was conducted as with Example 1. The results of the output test and measurements of the rate of counterion
species are shown in Table 1.

(Comparative Example 1)

[0073] The air was supplied directly to the cathode chamber without adjusting the carbon dioxide concentration, and
the output test as in Example 1 was conducted. The carbon dioxide concentration in the air was 380 ppm. The results
of the output test and measurements of the rate of counterion species are shown in Table 1.
[0074] While all counterions in the anion-exchange membrane were HCO3

- ions at the start of generating electricity,
these were substituted to CO3

2- ions and OH-ions after generating electricity for 2 hours. Also, the lower carbon dioxide
concentration in the air resulted in more increased rate of OH- ions. In Examples 1 to 4, cell voltage (output) at 0.2 A/cm2

was higher compared to Comparative Example 1 in which the carbon dioxide concentration was unadjusted. This might
be because the higher rate of OH- ions resulted in improved ion conductivity of the anion-exchange membrane, which
further resulted in improved output.

(Example 5)

[0075] The anion-exchange membrane-catalyst electrode assembly was immersed in 2 mol/L-aqueous potassium
hydroxide solution for 1 hour, and then immersed in ion-exchange water for 3 hours. The anion-exchange membrane-
catalyst electrode assembly was installed in a fuel cell. With carbon dioxide concentration of the air supplied to the
cathode chamber of 0.05 ppm, the output test was conducted and the rate of counterion species was measured as with
Example 1. The results are shown in Table 1.

(Comparative Example 2)

[0076] Except for supplying the air without adjusting the carbon dioxide concentration directly to the cathode chamber,
the output test was conducted and the rate of counterion species was measured as with Example 5. The results are
shown in Table 1.
[0077] To compare Example 5 and Comparative Example 2, the cell voltage (output) at 0.2 A/cm2 after generating
electricity at 0.2V for 2 hours was higher in Example 5 than in Comparative Example 2 in which the carbon dioxide
concentration was unadjusted. To compare the rates of counterion species, OH-ions were substituted to HCO3

- ions
and CO3

2- ions in Comparative Example 2 after generating electricity at 0.2V for 2 hours. It would appear that ion
conductivity of the anion-exchange membrane was improved in Example 5 because the rate of OH- ions was higher in
Example 5 in which the air of low carbon dioxide concentration was supplied, compared to Comparative Example 2 in
which carbon dioxide in the air was absorbed to decrease the rate of OH- ions, resulting in improved output.
[0078] [Table 1]

Table 1

CO2 conc. in supplied air 
[ppm]

time of 0.2V-constant 
voltage [hr]

cell voltage [V]
rate of counterion species 

[mol%]

0A/cm2 0.2A/cm2 OH- CO3
2- HCO3

-

Example 
1

250
0 0.80 0.12 0 0 100

2 0.94 0.35 0 81 19

Example 
2

80
0 0.81 0.14 0 0 100

2 0.95 0.41 50 50 0

Example 
3

0.05

0 0.84 0.18 0 0 100

2 0.99 0.47 78 22 0

10 0.98 0.48 80 20 0

Example 
4

5
0 0.81 0.16 0 0 100

2 0.98 0.45 72 28 0
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[0079] FIG. 1 is a conceptual diagram showing the basic structure of a solid polymer electrolyte type fuel cell.

EXPLANATION OF SYMBOLS

[0080]

1: cell bulkhead

2: fuel flow hole

3: oxidizing agent gas flow hole

4: anode

5: cathode

6: solid polymer electrolyte (anion-exchange membrane)

7: anode chamber

8: cathode chamber

Claims

1. An operating method for an anion-exchange membrane-type fuel cell including an anion-exchange membrane-
electrode assembly in which an anode (4) is joined to one surface of an anion-exchange membrane (6); a cathode
(5) is joined to the other surface; and air is supplied to the cathode (5), wherein: counterion in the anion-exchange
membrane (6) at the start of operation is HCO3-, CO32- or mixture thereof;
characterised in that the air supplied to the cathode (5) is reduced in concentration of carbon dioxide.

2. The operating method for an anion-exchange membrane-type fuel cell as set forth in claim 1, wherein carbon dioxide
concentration in said air supplied to said cathode (5) is reduced to 300 ppm or less.

3. The operating method for an anion-exchange membrane-type fuel cell as set forth in claim 1, further comprising:
supplying fuel made of a non-carbon compound to said anode (4).

4. The operating method for an anion-exchange membrane-type fuel cell as set forth in claim 3, wherein said non-
carbon compound is hydrogen.

5. An anion-exchange membrane-type fuel cell including an anion-exchange membrane-electrode assembly in which

(continued)

CO2 conc. in supplied air 
[ppm]

time of 0.2V-constant 
voltage [hr]

cell voltage [V]
rate of counterion species 

[mol%]

0A/cm2 0.2A/cm2 OH- CO3
2- HCO3

-

Comp. 
Example 

1
380

0 0.75 0.10 0 0 100

2 0.92 0.31 0 65 35

Example 
5

0.05
0 0.97 0.52 88 12 0

2 0.96 0.48 82 18 0

Comp. 
Example 

2
380

0 0.95 0.51 88 12 0

2 0.93 0.32 0 68 32
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an anode (4) is joined to one surface of an anion-exchange membrane (6) and a cathode (5) is joined to the other
surface, wherein:

counterion of said anion-exchange membrane (6) is HCO3-, CO32- or mixture thereof at the start of operation;
characterised in that the anion-exchange membrane-type fuel cell further comprises a low carbon dioxide air
supply system for taking in air and supplying air after reducing carbon dioxide concentration to the cathode (5).

Patentansprüche

1. Betriebsverfahren für eine Brennstoffzelle vom Anionenaustauschermembran-Typ, umfassend eine Anionenaus-
tauschermembran-Elektrodenanordnung, in der eine Anode (4) mit einer Oberfläche einer Anionenaustauscher-
membran (6) verbunden ist; eine Kathode (5) mit der anderen Oberfläche verbunden ist; und Luft der Kathode (5)
zugeführt wird, wobei es sich beim Gegenion in der Anionenaustauschermembran (6) zu Beginn des Betriebs um
HCO3

-, CO3
2- oder ein Gemisch davon handelt;

dadurch gekennzeichnet, dass die der Kathode (5) zugeführte Luft einer Verringerung der Kohlendioxidkonzen-
tration unterzogen wird.

2. Betriebsverfahren für eine Brennstoffzelle vom Anionenaustauschermembran-Typ nach Anspruch 1, wobei die Koh-
lendioxidkonzentration in der der Kathode (5) zugeführten Luft auf 300 ppm oder weniger verringert wird.

3. Betriebsverfahren für eine Brennstoffzelle vom Anionenaustauschermembran-Typ nach Anspruch 1, ferner umfas-
send die Zufuhr von Brennstoff, der aus einer Nicht-Kohlenstoff-Verbindung besteht, zur Anode (4).

4. Betriebsverfahren für eine Brennstoffzelle vom Anionenaustauschermembran-Typ nach Anspruch 3, wobei es sich
bei der Nicht-Kohlenstoff-Verbindung um Wasserstoff handelt.

5. Brennstoffzelle vom Anionenaustauschermembran-Typ, umfassend eine Anionenaustauschermembran-Elektro-
denanordnung, in der eine Anode (4) mit einer Oberfläche einer Anionenaustauschermembran (6) verbunden ist
und eine Kathode (5) mit der anderen Oberfläche verbunden ist, wobei es sich beim Gegenion der Anionenaustau-
schermembran (6) zu Beginn des Betriebs um HCO3

-, CO3
2- oder ein Gemisch davon handelt;

dadurch gekennzeichnet, dass die Brennstoffzelle vom Anionenaustauschermembran-Typ ferner ein System zur
Zufuhr von Luft mit geringem Kohlendioxidgehalt zur Aufnahme von Luft und zur Zufuhr von Luft nach Verringerung
der Kohlendioxidkonzentration zur Kathode (5) umfasst.

Revendications

1. Procédé de fonctionnement pour une pile à combustible de type à membrane échangeuse d’anions incluant un
assemblage de membrane échangeuse d’anions-électrodes dans lequel une anode (4) est reliée à une surface
d’une membrane échangeuse d’anions (6) ; une cathode (5) est reliée à l’autre surface ; et de l’air est fourni à la
cathode (5), dans lequel : un contre-ion dans la membrane échangeuse d’anions (6) au début du fonctionnement
est HCO3

-, CO3
2- ou un mélange de ceux-ci ;

caractérisé en ce que l’air fourni à la cathode (5) est réduit en concentration de dioxyde de carbone.

2. Procédé de fonctionnement pour une pile à combustible de type à membrane échangeuse d’anions selon la reven-
dication 1, dans lequel la concentration de dioxyde de carbone dans ledit air fourni à ladite cathode (5) est réduite
à 300 ppm ou moins.

3. Procédé de fonctionnement pour une pile à combustible de type à membrane échangeuse d’anions selon la reven-
dication 1, comprenant en outre : fournir à ladite anode (4) du combustible fait d’un composé non carboné.

4. Procédé de fonctionnement pour une pile à combustible de type à membrane échangeuse d’anions selon la reven-
dication 3, dans lequel ledit composé non carboné est l’hydrogène.

5. Pile à combustible de type à membrane échangeuse d’anions incluant un assemblage de membrane échangeuse
d’anions-électrodes dans lequel une anode (4) est reliée à une surface d’une membrane échangeuse d’anions (6)
et une cathode (5) est reliée à l’autre surface, dans laquelle :
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un contre-ion de ladite membrane échangeuse d’anions (6) est HCO3
-, CO3

2- ou un mélange de ceux-ci au
début du fonctionnement ;
caractérisée en ce que la pile à combustible de type à membrane échangeuse d’anions comprend en outre
un système d’alimentation en air à faible teneur en dioxyde de carbone pour recevoir de l’air et fournir de l’air
à la cathode (5) après réduction de la concentration de dioxyde de carbone.
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