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(57) ABSTRACT

Provided are a MEA, a fuel cell, and a gas detoxification
apparatus that allow at high efficiency a general electro-
chemical reaction causing gas decomposition or the like and
are excellent in cost efficiency; and a method for producing a
MEA. In this MEA 7, a porous base 3, a porous anode 2, an
ion-conductive solid electrolyte 1, and a porous cathode 5 are
stacked. The anode 2 or the cathode 5 is in contact with a
surface of the porous base 3. The porous anode 2 includes a
metal deposit body 21 having catalysis for gas decomposi-
tion.
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MEMBRANE ELECTRODE ASSEMBLY, FUEL
CELL, GAS DETOXIFICATION APPARATTUS,
AND METHOD FOR PRODUCING
MEMBRANE ELECTRODE ASSEMBLY

TECHNICAL FIELD

[0001] The present invention relates to a membrane elec-
trode assembly (MEA), a fuel cell, a gas detoxification appa-
ratus, and a method for producing a membrane electrode
assembly; in particular, to, for example, a membrane elec-
trode assembly, a fuel cell, and a gas detoxification apparatus
that are easily produced and allow, for example, highly effi-
cient gas decomposition, and a method for producing a mem-
brane electrode assembly.

BACKGROUND ART

[0002] Although ammonia is an essential compound in
agriculture and industry, it is hazardous to humans and hence
a large number of methods for decomposing ammonia in
water and the air have been disclosed. For example, a method
for removing ammonia through decomposition from water
containing ammonia at a high concentration has been pro-
posed: aqueous ammonia being sprayed is brought into con-
tact with airflow to separate ammonia into the air and the
ammonia is brought into contact with a hypobromous acid
solution or sulfuric acid (Patent Literature 1). Another
method has also been disclosed: ammonia is separated into
the air by the same process as above and the ammonia is
incinerated with a catalyst (Patent Literature 2). Another
method has also been proposed: ammonia-containing waste-
water is decomposed with a catalyst into nitrogen and water
(Patent Literature 3).

[0003] In general, waste gas from semiconductor fabrica-
tion equipment contains ammonia, hydrogen, and the like. To
completely remove the odor of ammonia, the amount of
ammonia needs to be reduced to the ppm order. For this
purpose, a method has been commonly used in which waste
gas to bereleased from semiconductor fabrication equipment
is passed through scrubbers so that water containing chemi-
cals absorbs the hazardous gas. On the other hand, to achieve
alow running cost without supply of energy, chemicals, or the
like, a treatment for waste gas from semiconductor fabrica-
tion equipment has been proposed: ammonia is decomposed
with a phosphoric acid fuel cell (Patent Literature 4).

CITATION LIST

Patent Literature

[0004] PTL 1: Japanese Unexamined Patent Application
Publication No. 7-31966

[0005] PTL 2: Japanese Unexamined Patent Application
Publication No. 7-116650

[0006] PTL 3: Japanese Unexamined Patent Application
Publication No. 11-347535

[0007] PTL 4: Japanese Unexamined Patent Application
Publication No. 2003-45472
SUMMARY OF INVENTION
Technical Problem

[0008] As described above, ammonia can be decomposed
by, for example, the method of using a chemical solution such
as a neutralizing agent (PTL 1), the incineration method (PTL
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2), or the method employing a thermal decomposition reac-
tion with a catalyst (PTL 3). However, these methods have
problems that they require chemicals and external energy
(fuel) and also require periodic replacement of the catalyst,
resulting in high running costs. In addition, such an apparatus
has a large size and, for example, it may be difficult to addi-
tionally install the apparatus in existing equipment in some
cases.

[0009] As for the apparatus (PTL 4) in which a phosphoric
acid fuel cell is used to detoxify ammonia in waste gas from
compound semiconductor fabrication, intensive efforts are
not made as far as improvement of materials for the purpose
of addressing an increase in pressure loss, an increase in
electric resistance, and the like, which inhibit enhancement of
the detoxification capability. In view of cost efficiency, in the
cases of gas decomposition employing a MEA, MEAs that
allow highly efficient gas decomposition and are inexpensive
are not easily available, which is problematic. A MEA has an
anode serving as a fuel electrode, a cathode serving as an air
electrode, and a solid electrolyte sandwiched therebetween,
and constitutes the core of an electrochemical reaction appa-
ratus. In the fuel electrode, the hydrogen-containing gas mol-
ecules such as ammonia are introduced and decomposition of
the gas molecules proceeds. The anode is porous in order to
achieve a good contact with gas molecules to be decomposed;
and the cathode is also porous in order to achieve a good
contact with oxygen molecules. The solid electrolyte sand-
wiched between the electrodes is not porous and serves as a
dense wall that does not let gases pass therethrough; it is
formed of an ion-conductive material that conducts not elec-
trons but ions.

[0010] An object of the present invention is to provide a
membrane electrode assembly, a fuel cell, and a gas detoxi-
fication apparatus that allow at high efficiency a general elec-
trochemical reaction causing gas decomposition or the like
and are excellent in cost efficiency; and a method for produc-
ing a membrane electrode assembly.

Solution to Problem

[0011] A membrane electrode assembly (MEA) according
to the present invention is used for an electrochemical reac-
tion causing gas decomposition. This MEA includes a porous
base and a MEA in which a porous anode, an ion-conductive
solid electrolyte, and a porous cathode are stacked. The anode
or the cathode is disposed in contact with a surface of the
porous base. The porous anode has a porous layer or deposit
layer of a metal having catalysis for the gas decomposition.
[0012] Inthe above-described configuration, since the mul-
tilayer body of anode/solid electrolyte/cathode is formed on a
surface of the porous base, the production is easily performed
and the production cost can be readily reduced. The gas
decomposition performed in the anode also referred to as a
fuel electrode is promoted by the metal having catalysis for
the gas decomposition. Accordingly, an electrochemical reac-
tion causing the gas decomposition can be efficiently per-
formed. The porous base need not have ion conductivity or the
like and such a porous base having any shape can be relatively
easily obtained.

[0013] The following configuration may be employed: the
porous base is a cylindrical body; the anode is disposed so as
to have a cylindrical form in contact with an outer circumfer-
ential surface of the cylindrical body; and the solid electrolyte
and the cathode are disposed so as to have cylindrical forms
on the anode.
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[0014] Alternatively, the following configuration may be
employed: the porous base is a cylindrical body; the cathode
is disposed so as to have a cylindrical form in contact with an
inner circumferential surface of the cylindrical body; and the
solid electrolyte and the anode are disposed so as to have
cylindrical forms on an inner-surface side of the cathode.
[0015] Insucha configuration, a gas requiring high airtight-
ness such as ammonia can be passed inside the cylindrical
MEA while contact between oxygen and the cathode dis-
posed on the outer side of the MEA can be easily established.
[0016] The cylindrical-body porous base can be produced
by a known method employing a material such as calcia
stabilized zirconia (CSZ) or silica (SiO,).

[0017] Whether the MEA is disposed on the outer-surface
side or the inner-surface side of the cylindrical-body porous
base is preferably determined in view of, for example, the size
of gas molecules to be introduced into the anode (mobility in
the porous base), the threshold outlet concentration of the gas,
the structures of collectors, allowable pressure loss, the diam-
eter of the cylindrical body, or the porosity of a porous body
forming the anode.

[0018] The metal having catalysis may be composed of at
least one selected from the group consisting of Ni, a Ni—Fe
system, a Ni—Co system, a Ni—Cu system, a Ni—Cr sys-
tem, and a Ni—W system.

[0019] All these metals are relatively easily available and
the anode can be easily produced. Accordingly, while the cost
efficiency is ensured, an electrochemical reaction causing gas
decomposition can be made to proceed at high efficiency. For
example, the Ni—Fe system denotes a Ni—Fe alloy or an
Fe—Ni alloy.

[0020] Theanode may have athickness of 1 um or more and
1 mm or less. When such a thin anode is employed, contact
between a gas (fuel gas) to be decomposed and the whole
anode is facilitated to reduce the time required for movement
of'ions (oxygen ions or protons). As a result, the efficiency of
the electrochemical reaction can be increased. When the
thickness of the anode is less than 1 the amount of the anode
reaction occurring with respect to area does not reach a suf-
ficient amount. When the thickness is more than 1 mm, the
region that does not contribute to the reaction increases and
the time for movement of ions also increases.

[0021] The following configuration may be employed: the
anode has a thickness of 50 pm or less and the anode does not
contain any ion-conductive ceramic.

[0022] The anode is porous, whereas the solid electrolyte is
dense but has irregularities in a surface. The anode and the
solid electrolyte have irregularities and partially intermix
near the interface therebetween. When the thickness of the
anode is made 50 um or less, the specific gravity of the region
near the interface between the anode and the solid electrolyte
increases; even when the anode itself does not contain any
ion-conductive ceramic, the anode can function. In addition,
the time for which ions move through the anode is eliminated,
the rate at which gas decomposition proceeds can be
increased. In addition, the production cost can be advanta-
geously reduced since ion-conductive ceramics are relatively
expensive.

[0023] The anode may contain an ion-conductive ceramic.
In this case, the gas decomposition can proceed over the
whole thickness of the anode.

[0024] The solid electrolyte may have a thickness of 0.7 um
ormore and 20 um or less. In this case, the time for which ions
move through the solid electrolyte can be decreased so that
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the rate at which the electrochemical reaction proceeds can be
increased. Although heating to a high temperature has been
performed to decrease the time for which ions move through
the solid electrolyte, the heating temperature can be
decreased. As aresult, the energy efficiency can be increased;
in addition, the requirements in terms of heat resistance are
relaxed and inexpensive apparatus materials can be used.
[0025] When the solid electrolyte has a thickness of less
than 0.7 pm, it is less likely to serve as a dense layer required
for preventing gas permeation (leakage); when the thickness
is more than 20 um, the time for which ions move through the
solid electrolyte becomes long.

[0026] The solid electrolyte may be oxygen-ion conductive
or proton conductive.

[0027] Although oxygen-ion-conductive solid electrolytes
are readily available and relatively excellent in cost effi-
ciency, oxygen ions move at a relatively low speed. On the
other hand, as to proton-conductive solid electrolytes, pro-
tons move at a high speed and the rate of the electrochemical
reaction can be increased; however, the electrolytes are lim-
ited to several materials such as barium zirconate and they are
expensive.

[0028] The anode, the solid electrolyte, and the cathode
may be formed by an electrophoretic process or a plating
process.

[0029] In this case, all of the anode, the solid electrolyte,
and the cathode can be accurately formed so as to have small
thicknesses. In particular, as to the anode, a metal having high
catalysis for gas decomposition can be easily deposited to
form a deposit layer or a porous layer whether the metal is a
single metal or an alloy. Whether an ion-conductive ceramic
powder is dispersed or not can be easily controlled by using a
dispersion plating process or the like. Note that the plating
process may be electroplating or electroless plating.

[0030] A conductor having a form that does not degrade
porosity may be disposed on at least one selected from a
surface and another surface of the porous base, a surface of
the anode on a side opposite to the solid electrolyte, and a
surface of the cathode on a side opposite to the solid electro-
Iyte.

[0031] In this case, an electrical connection having a low
electric resistance is easily established between an electrode
and a collector. The conductor having a form that does not
degrade porosity may be any conductor having porosity and
electrical conductivity: for example, (1) metal mesh sheets
(e.g. woven fabrics, nonwoven fabrics, and sheets perforated
so as to have fine pores), grid (circumference-generatrix)
wires, and generatrix wires; (2) metal paste, silver paste, and
the like that become porous by sintering.

[0032] A fuel cell according to the present invention
includes any one of the above-described membrane electrode
assemblies. A gas detoxification apparatus according to the
present invention includes any one of the above-described
membrane electrode assemblies.

[0033] Insuch acase, in a fuel cell or a gas detoxification
apparatus, while cost efficiency can be ensured, an electro-
chemical reaction at high efficiency can be achieved.

[0034] To supply electric power from the fuel cell or the
like, a voltage on a predetermined level is required. For this
reason, a configuration can be employed where a single mem-
brane electrode assembly that is macroscopically integrated
is electrically separated into a plurality of regions so as to be
insulated from one another, and the plurality of regions are
connected to one another in series through a conductor. As a
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result, for example, in a fuel cell or the like, the output voltage
can be increased to provide a power supply that is practically
usable. The “macroscopically integrated” denotes a configu-
ration that is practically handled as a single unit without being
separated during the formation of the anode and the like. An
example of this configuration is a cylindrical MEA. In the
above-described invention, the cylindrical MEA is electri-
cally separated into regions with insulating zones therebe-
tween and the regions are connected to one another in series
to thereby increase the output voltage or the like.

[0035] A method for producing a MEA according to the
present invention is a method for producing a MEA used for
an electrochemical reaction causing gas decomposition. This
method for producing a MEA includes a step of preparing a
porous base; a step of forming a multilayer-body MEA in
which a porous anode, a solid electrolyte layer, and a porous
cathode are stacked by an electrophoretic process or a plating
process; and a step of sintering the porous base on which the
MEA has been formed. In the step of forming the multilayer-
body MEA, the multilayer-body MEA is formed such that the
porous anode or the porous cathode is in contact with a
surface of the porous base and the anode is formed so as to
include a porous layer or deposit layer of a metal having
catalysis for the gas decomposition.

[0036] Use of the method allows easy formation of a MEA
having high gas-decomposition efficiency on a porous base
serving as a skeleton of a MEA, by an electrophoretic process
or a plating process. As described above, the plating process
may be an electroplating process or an electroless plating
process. Such plating processes naturally include a dispersion
plating process.

[0037] Inthe electrophoretic process or the plating process,
the anode may be formed such that ion-conductive ceramic
particles are dispersed in the porous layer or deposit layer
composed of Ni or a Ni alloy.

[0038] This method allows easy production of a MEA in
which the anode reaction occurs over the whole thickness
from a region near the interface with the solid electrolyte to
the surface of the anode.

[0039] Inthe electrophoretic process or the plating process,
the anode may be formed such that the porous layer or deposit
layer composed of Ni or a Ni alloy does not contain any
ion-conductive ceramic particles.

[0040] This method allows occurrence of the anode reac-
tion in a region near the interface between the solid electrolyte
and the anode. The movement of ions participating in the
anode reaction in the anode is not substantially required and
hence the rate at which the electrochemical reaction proceeds
can be increased.

[0041] The porous base may be formed as a cylindrical
body; the anode may be formed so as to have a cylindrical
form in contact with an outer circumferential surface of the
cylindrical body, and a solid electrolyte and the cathode may
be subsequently sequentially formed so as to have cylindrical
forms on an outer-surface side of the anode.

[0042] Alternatively, the porous base may be formed as a
cylindrical body; the cathode may be formed so as to have a
cylindrical form in contact with an inner circumferential sur-
face of the cylindrical body, and a solid electrolyte and the
anode may be subsequently sequentially formed so as to have
cylindrical forms on an inner-surface side of the cathode.
[0043] In such a case, a cylindrical MEA can be easily
produced. The cylindrical MEA can be disposed on the inner-
surface side or outer-surface side of the cylindrical-body
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porous base such that, in each case, the anode is disposed on
the inner-surface side of the cylindrical MEA and the cathode
is disposed on the outer-surface side of the cylindrical MEA.
As described above, whether the cylindrical MEA is disposed
on the inner-surface side or outer-surface side of the cylindri-
cal-body porous base may be determined in view of, for
example, the structures of collectors, allowable pressure loss,
the diameter of the cylindrical body, or the porosity of a
porous body forming the anode.

Advantageous Effects of Invention

[0044] In a MEA and the like according to the present
invention, a general electrochemical reaction causing gas
decomposition or the like can be made to proceed at high
efficiency and the cost efficiency can be enhanced.

BRIEF DESCRIPTION OF DRAWINGS

[0045] FIG. 1 illustrates a gas detoxification apparatus
including a MEA according to a first embodiment of the
present invention.

[0046] FIG. 2 is an enlarged view of a portion A in FIG. 1.
[0047] FIG. 3A illustrates a dispersion plating process
(electroplating process) for producing the MEA according to
the present embodiment.

[0048] FIG. 3B illustrates a mechanism by which, in a
dispersion plating process (electroplating process) for pro-
ducing the MEA according to the present embodiment,
ceramic particles are dispersed in a plating solution by using
a surfactant.

[0049] FIG. 4 illustrates a MEA according to a second
embodiment of the present invention.

[0050] FIG. 5 is an enlarged view of a portion A in FIG. 4.
[0051] FIG. 6 illustrates the interface of anode/solid elec-
trolyte in a MEA according to a modification of the second
embodiment, the modification also serving as an embodiment
of the present invention.

[0052] FIG. 7 illustrates a MEA according to a third
embodiment of the present invention.

[0053] FIG. 8 is an enlarged view of a portion A in FIG. 7.
[0054] FIG. 9 illustrates a gas detoxification (decomposi-
tion) apparatus including a MEA according to a fourth
embodiment of the present invention.

[0055] FIG. 10 is a sectional view taken along line X-X in
FIG. 9.
[0056] FIG. 11A illustrates a metal mesh sheet having

pores formed by perforation.

[0057] FIG. 11B illustrates a metal mesh sheet that is a
metal woven fabric.

[0058] FIG. 12 illustrates a fuel cell system according to the
present invention.

DESCRIPTION OF EMBODIMENTS

First Embodiment

[0059] FIG. 1 illustrates a gas detoxification apparatus 10
including a MEA 7 according to a first embodiment of the
present invention. In this gas detoxification apparatus, plate-
shaped MEAs are repeatedly stacked. The multilayer con-
figuration of a single unit is as follows.

[0060] (air space S/porous base 3/cathode 5/solid electro-
lyte 1/anode 2/passage P/partition wall W)

[0061] A gas to be decomposed or a fuel gas, such as
ammonia, flows through the passage P between the partition
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wall W and the anode 2. Since a porous plated body 11s for
preventing such a gas from passing without being treated is
disposed, the gas does not pass without being treated but
comes into contact with the anode 2 and is decomposed
(anode reaction). The anode 2 may also be referred to as a fuel
electrode. The porous plated body 11s prevents the gas from
passing without being treated and also constitutes an anode
collector. The anode collector is commonly constituted by a
plurality of members and the porous plated body 11s serves as
one of the members.

[0062] The cathode 5, which may also be referred to as an
air electrode, faces the air space S and comes into contact with
the air to decompose oxygen molecules in the air (cathode
reaction).

[0063] As a result of electrochemical reactions in the two
electrodes (anode and cathode), ions are generated in one of
the electrodes and electrons are generated in the other elec-
trode. The ions pass through the solid electrolyte 1 and the
electrons pass through an external circuit (not shown) in
which a load is interposed, to reach the opposite electrodes
and participate in the anode and cathode reactions.

[0064] The porous base 3 may be formed of a porous
ceramic such as calcia stabilized zirconia (CSZ) or silica
(Si0,).

[0065] FIG. 2 is an enlarged view of a portion A in FIG. 1.

An example will be described in which ammonia is decom-
posed and the solid electrolyte 1 is oxygen-ion conductive. In
FIG. 2, the solid electrolyte 1 is dense (non-porous) so as not
to pass gases therethrough; the solid electrolyte 1 passes
oxygen ions therethrough but does not pass electrons there-
through. Ammonia NH; flowing through the passage P reacts
with oxygen ions having been generated in the cathode 5 and
having passed through the solid electrolyte 1, to cause the
following electrochemical reaction.

INH3+307 = No+3H,0+6¢~

[0066] Specifically, a portion of ammonia reacts:
2NH,—>N,+3H,. These 3H, react with the oxygen ions 30*~
to generate 3H,O. In this decomposition of ammonia, a
deposit body (layer) 21 or porous body (layer) 21 of a metal
having catalysis promotes the decomposition. The anode 2
contains, in addition to the deposit body 21 of a metal having
catalysis, oxygen-ion-conductive ceramic particles 22 and
guides oxygen ions to the anode-reaction sites. Ammonia
moves through pores 2% to the decomposition sites in the
anode 2.

[0067] As a result of the anode reaction, while an outlet
concentration described below can be decreased to the pre-
determined level or less, the ammonia decomposition process
can be made at least not to become the bottleneck (process
that limits the rate) of the overall electrochemical reaction.
The anode 2 is made to have a thickness of 1 um or more and
1 mm or less, in particular, may have a small thickness of 1 pm
or more and 50 um or less, and may have a very small thick-
ness of 25 pm or less.

[0068] The air, in particular, oxygen gas is passed through
the space S and introduced into the cathode 5. Oxygen ions
dissociated from oxygen molecules in the cathode 5 are sent
to the solid electrolyte 1 toward the anode 2. The cathode
reaction is as follows.

(Anode reaction)

O,+4e™ =202~

[0069] As a result of the electrochemical reaction, electric
power is generated; a potential difference is generated
between the anode 2 and the cathode 5; current flows from a

(Cathode reaction)
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cathode collector to an anode collector. When a load, such as
a heater for heating the gas detoxification apparatus 10, is
connected between the cathode collector and the anode col-
lector, electric power for the heater can be supplied. This
supply of electric power to the heater may be a partial supply.
Rather, in most cases, the amount of supply from the self
power generation is equal to or lower than half of the overall
electric power required for the heater.

<Anode>

[0070] Anammonia-containing gaseous fluid is introduced
into the anode 2 and flows through the pores 2/4. The anode 2
is a sinter mainly composed of a catalyst, that is, the metal
deposit body 21 and the oxygen-ion-conductive ceramic 22.
Here, the metal deposit body 21 is preferably formed of at
least one selected from the group consisting of Ni, a Ni—Fe
system, a Ni—Co system, a Ni—Cu system, a Ni—Cr sys-
tem, and a Ni—W system.

[0071] Examples of the oxygen-ion-conductive ceramic 22
include scandium stabilized zirconia (SSZ), yttrium stabi-
lized zirconia (YSZ), samarium stabilized ceria (SDC), lan-
thanum gallate (LSGM), and gadolia stabilized ceria (GDC).
[0072] In addition to the catalysis, in the anode, oxygen
ions are used in the decomposition reaction. Specifically, the
decomposition is performed in the electrochemical reaction.
In the anode reaction 2NH,+30* —N,+3H,0+6e", oxygen
ions contribute to a considerable increase in the decomposi-
tion rate of ammonia.

[0073] In the anode reaction, free electrons e~ are gener-
ated. When electrons €™ remain in the anode 2, the occurrence
of'the anode reaction is inhibited. The metal deposit body 21
serves as a good conductor. Electrons e~ smoothly flow
through the metal deposit body 21. Accordingly, electrons e~
do not remain in the anode 2 and pass through the metal
deposit body 21 and circulated through an external circuit.
The metal deposit 21 considerably facilitates passage of elec-
trons C. In summary, features in an embodiment of the present
invention are the following (el), (e2), and (e3) in the anode.
(el) promotion of decomposition reaction by metal deposit
body 21 (high catalysis)

(e2) promotion of decomposition by oxygen ions (promotion
of decomposition in electrochemical reaction)

(e3) establishment of conduction of electrons through metal
deposit body 21 (high electron conductivity)

[0074] These (el), (e2), and (e3) considerably promote the
anode reaction.
[0075] By simply increasing the temperature and contact-

ing with the catalyst a gas to be decomposed, decomposition
of'this gas proceeds. However, as described above, in a com-
ponent constituting a fuel cell, oxygen ions supplied from the
cathode 5 and through the ion-conductive solid electrolyte 1
are used in the reaction and the resultant electrons are circu-
lated through an external circuit; thus, the rate of the decom-
position reaction is considerably increased. A big feature of
the present invention is the functions (el), (e2), and (e3)
above and a configuration providing these functions.

[0076] In the above description, the case where the solid
electrolyte 1 is oxygen-ion conductive is described. Alterna-
tively, the solid electrolyte 1 may be proton (H")-conductive.
In this case, the ion-conductive ceramic 22 in the anode 2 is a
proton-conductive ceramic, for example, preferably barium
Zirconate.

(In the case of using metal deposit body and ion-conductive
ceramic): When the oxygen-ion-conductive metal oxide (ce-
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ramic) in the anode 2 is SSZ, a SSZ raw-material powder
preferably has an average particle diameter of about 0.5 pm to
about 50 um. The mol ratio of the metal deposit body 21 to
SSZ 22 is in the range 0of 0.1 to 10. The production method of
the MEA 7 by a dispersion plating process or the like will be
described below.

[0077] As to conditions for co-sintering of the MEA 7
including the porous base 3 and a multilayer-body MEA body
7a, for example, the MEA 7 is held in the air atmosphere at a
temperature in the range of 1000° C. to 1600° C. for 30 to 180
minutes.

(In the case of using metal deposit body only): The metal
deposit body 21 is formed by a dispersion plating process or
the like described below. In the case of a Ni—Fe system alloy,
as to the composition, for example, the Ni content is prefer-
ably about 60 at %.

[0078] In the co-sintering, the same thermal pattern as in
the above case is applied.

<Cathode>

[0079] In the cathode 5, the air, in particular, oxygen mol-
ecules are introduced. The cathode 5 is a sinter mainly com-
posed of an oxygen-ion-conductive ceramic. In this case,
preferred examples of the oxygen-ion-conductive ceramic
include lanthanum strontium manganite (LSM), lanthanum
strontium cobaltite (LLSC), and samarium strontium cobaltite
(SSC).

[0080] The cathode 5 is preferably formed so as to contain
silver particles, which have high catalysis for oxygen. Ag
particles exhibit catalysis that considerably promotes the
cathode reaction: O,+4e”—>20%". As a result, the cathode
reaction can proceed at a very high rate. The Ag particles
preferably have an average diameter of 10 nm to 100 nm.
[0081] In the above description, the case where the solid
electrolyte 1 is oxygen-ion conductive is described. Alterna-
tively, the solid electrolyte 1 may be proton (H")-conductive.
In this case, the ion-conductive ceramic in the cathode 5 is a
proton-conductive ceramic, for example, preferably barium
Zirconate.

[0082] Inthe cathode 5, SSZ having an average diameter of
about 0.5 um to about 50 um is preferably used. Sintering
conditions are holding in the air atmosphere at a temperature
in the range of 1000° C. to 1600° C. for about 30 to about 180
minutes.

<Solid Electrolyte>

[0083] Although the electrolyte 1 may be a solid oxide,
molten carbonate, phosphoric acid, a solid polymer, or the
like, the solid oxide is preferred because it can be used in a
small size and easily handled. Preferred examples of the solid
oxide 1 include oxygen-ion-conductive oxides such as SSZ,
YSZ, SDC, LSGM, and GDC.

[0084] In another desirable embodiment according to the
present invention, for example, the solid electrolyte 1 is com-
posed of barium zirconate (BaZrO,) and a reaction is caused
in which protons are generated in the anode 2 and moved
through the solid electrolyte 1 to the cathode 5. When a
proton-conductive solid electrolyte 1 is used, for example, in
the case of decomposing ammonia, ammonia is decomposed
in the anode 2 to generate protons, nitrogen molecules, and
electrons; the protons are moved through the solid electrolyte
1 to the cathode 5; and, in the cathode 5, the protons react with
oxygen to generate water (H,O). Since protons are smaller
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than oxygen ions, they move through the solid electrolyte at a
higher speed than oxygen ions. Accordingly, while the heat-
ing temperature can be decreased, the decomposition capac-
ity on the practical level can be achieved. In addition, the solid
electrolyte 1 can be easily formed so as to have a thickness
providing a sufficient strength.

[0085] FIG. 3A illustrates a dispersion plating process
(electroplating process) for producing the anode 2 of the
MEA 7 according to the present embodiment. In a plating
solution, ions of a material and ceramic particles to be depos-
ited on the negative electrode are dispersed. In the case of
dispersing ceramic particles, a surfactant may be used so that
surfactant molecules adhere to the surfaces of the ceramic
particles to thereby disperse the ceramic particles in the solu-
tion (refer to FIG. 3B). The plating bath is desirably stirred to
maintain homogeneity.

[0086] In the case of forming the multilayer in the MEA
body portion 7ain FIG. 1, a work is plated in a plating bath for
the cathode 5. The electrolyte such as LSM is dispersed and a
plated layer is formed on the work. To form a porous cathode,
the plated layer is preferably formed under conditions of a
high voltage and a low current for causing burnt deposit.
[0087] Afterthe plated layer of the cathode 5 is formed, the
plated layer of the solid electrolyte 1 is formed. Similarly, the
solid electrolyte 1 is formed by dispersion plating, though the
ceramic material is different. Note that voltage and current are
selected so that the solid electrolyte 1 is formed to be non-
porous and become a dense layer after sintering.

[0088] After the plated layer of the solid electrolyte 1 is
formed, the plated layer of the anode 2 is formed thereon.
[0089] Astotheanode2,inthe present embodiment, a solid
electrolyte such as YSZ particles are dispersed and metal ions
such as Ni ions and Fe ions are dissolved (refer to FIG. 3A).
As the positive electrode, a plate, rod, or wire of a Ni—Fe
alloy serving as a source of the metal ions is disposed. As the
negative electrode, a member to be plated (work), that is,
porous base 3/cathode 5/solid electrolyte 1 is disposed; a
plated layer composed of the metal Ni—Fe deposit body 21
and the ceramic particles 22 is formed on the solid electrolyte
1. As described above, the metal plate serving as a source is
preferably, for example, a Ni—Fe alloy having a Ni content of
60 at %.

[0090] After that, porous base 3/plated layer of cathode/
plated layer of solid electrolyte/plated layer of anode is co-
sintered. As described above, co-sintering conditions are, for
example, holding in the air atmosphere at a temperature in the
range of 1000° C. to 1600° C. for about 30 to about 180
minutes.

[0091] Instead of the electroplating process illustrated in
FIG. 3, an electroless plating process may be used to form
plated layers of the MEA body portion 7a. In particular, the
plated layer of the solid electrolyte 1 is preferably formed by
an electroplating process, whereas the anode 2 and the cath-
ode 5 are preferably formed by an electroless plating process.
Since a plated layer grows at a low rate in an electroless
plating process, a porous layer can be relatively easily
formed.

[0092] When the plated layer of the anode 2 is formed by
electroless plating, a catalyst such as palladium is preferably
disposed as an undercoat. The catalyst for the undercoating is
commercially available under a name such as CRP catalyst
(Okuno Chemical Industries Co., Ltd.). Such an undercoated
work is immersed and held in an electroless solution in which
YSZ is dispersed and Ni ions and Fe ions are dissolved.
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Depending on the holding time, the electroless plated layer of
the anode 2 grows. Unless the holding time is long in the
electroless plating process, the electroless plated layer is
porous. This is also the case for a cathode plated layer formed
of ceramic particles only and an anode plated layer formed of
metal and ceramic particles. In particular, in the case of a
small thickness, porosity is easily ensured.

[0093] Sintering may cause shrinkage. However, when a
plated layer is formed so as to be porous in consideration of
the shrinkage, the layer having been sintered still remains
porous.

Second Embodiment

[0094] FIG. 4 illustrates a MEA 7 according to a second
embodiment of the present invention. This MEA 7 is a cylin-
drical body. For reference purposes, the flow of ammonia
serving as an example of a gas to be decomposed and the flow
of oxygen molecules are illustrated. Ammonia or the like
comes into contact with an anode 2 disposed on the inner-
surface side of the cylindrical MEA 7. Oxygen or the air
comes into contact with a cathode 5 disposed on the outer-
surface side of the cylindrical MEA. The multilayer configu-
ration of the cylindrical body is as follows.

[0095] (cylindrical porous base 3/cylindrical porous anode
2/cylindrical solid electrolyte 1/cylindrical porous cathode 5)
[0096] The anode 2 is disposed on the inner side of a MEA
body portion 7a. Since leakage of a gas to be detoxified such
as ammonia should be avoided as much as possible, the gas is
passed inside the cylinder for easily achieving airtightness.
On the other hand, the cathode 5 is positioned on the outer
side to easily come into contact with the air.

[0097] FIG. 5is an enlarged view of a portion A in FIG. 4.
A hydrogen source gas such as ammonia passes through a
passage P (refer to FIG. 4) and the porous base 3 to the anode
2. In the anode 2, a metal deposit body 21 and an ion-conduc-
tive ceramic 22 are disposed so as to surround pores 2/.
[0098] The anode reaction in the anode 2 and the cathode
reaction in the cathode 5 are the same as those in the first
embodiment.

[0099] FIG. 6 illustrates a modification of the present
embodiment, the modification also serving as an embodiment
of the present invention. This modification has a feature that
the anode 2 is formed of the metal deposit body 21 only and
does not contain any ion-conductive ceramic.

[0100] In general, the interface between the solid electro-
Iyte 1 and the anode 2 is not flat and has an irregular and
complex structure. Accordingly, after the co-sintering, an
ion-conductive ceramic 15 of the solid electrolyte 1 enters the
anode 2 formed of the metal deposit body 21 only. Stated
another way, when the anode 2 has a small thickness, in a
relatively large proportion of the thickness of the anode 2, the
ion-conductive ceramic 15 of the solid electrolyte 1 and the
metal deposit body 21 intermix. Thus, when the anode 2 has
a small thickness, it can sufficiently function as an anode even
though the anode 2 is formed so as not to contain any ion-
conductive ceramic such as YSZ.

[0101] By reducing the thickness of the anode 2, the rate at
which the electrochemical reaction proceeds can be increased
to increase the efficiency.

[0102] In addition, reduction of the usage amounts of ion-
conductive ceramics such as YSZ, which are relatively expen-
sive, can result in an increase in cost efficiency.

[0103] When the anode 2 is formed of the metal deposit
layer 21 only and it can function as an anode due to intermix-
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ing with the irregularly-shaped solid electrolyte 15 in the
surface of the solid electrolyte 1, the anode 2 preferably has a
thickness of 5 um or more and 50 pm or less, more preferably
5 um or more and 25 um or less.

[0104] Inthe formation of the anode 2 illustrated in FIG. 6,
ion-conductive ceramic particles are not dispersed in the plat-
ing solution.

Third Embodiment

[0105] FIG. 7 illustrates a MEA 7 according to a third
embodiment of the present invention. This MEA 7 is also a
cylindrical body. However, unlike the second embodiment,
the MEA body portion 7a is formed on the inner-surface side
of the cylindrical porous base 3. In the second embodiment,
the MEA body portion 7a is formed on the outer-surface side
of'the cylindrical porous base 3. The MEA 7 in FIG. 7 has the
following multilayer configuration starting on the inner-sur-
face side.

[0106] (cylindrical porous anode 2/cylindrical solid elec-
trolyte 1/cylindrical porous cathode 5/cylindrical porous base
3)

[0107] The anode reaction and the cathode reaction are the
same as the electrochemical reactions described in the first
embodiment. However, in the present embodiment, a gas to
be detoxified or a fuel gas, such as ammonia, does not pass
through the porous base 3 but directly comes into contact with
the anode 2. Thus, when a target outlet concentration on the
ppm order is defined as in a gas detoxification apparatus, the
MEA 7 of the present embodiment is desirably used. This is
because, in the MEA 7 having the form according to the
second embodiment, a gas to be detoxified may remain in the
porous base 3 and detoxification to a very low concentration
may takes along time. In contrast, in the present embodiment,
(T1) a gas to be detoxified does not remain in the porous base
3 and hence detoxification to a very low concentration can be
achieved in a short time.

[0108] FIG. 8 is an enlarged view of a portion A in FIG. 7.
A gas to be detoxified such as ammonia in the passage P can
directly come into contact with the anode. When the gas
moves through the porous base 3 to the anode 2, the gas may
stagnate in the porous base 3, which may cause degradation of
gas treatment performance. In the present embodiment, (T2)
the gas directly comes into contact with the anode 2 without,
for example, stagnation of the gas. Accordingly, stagnation of
the gas does not cause degradation of gas treatment perfor-
mance.

[0109] The production of the MEA 7 basically starts from
the porous base 3. When a cylindrical-body porous base 3 is
used as a work and subjected to dispersion electroplating or
dispersion electroless plating, a plating solution is made to
smoothly flow inside the cylindrical porous base 3 and to
circulate so that a plated layer is uniformly formed inside the
cylindrical porous base 3. For this reason, for example, the
following technique is preferably employed: a stirrer is posi-
tioned laterally (horizontally) as in screws of ships so that the
plating solution is fed to the inner surface of the cylindrical
porous base 3 positioned horizontally.

[0110] As in the modification of the second embodiment
(referto FIG. 6), the anode 2 illustrated in FIG. 8 may also be
formed of the metal deposit body 21 only without containing
any ion-conductive ceramic.
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Fourth Embodiment

[0111] FIG. 9 illustrates a gas detoxification apparatus 10
including a MEA 7 according to a fourth embodiment of the
present invention. FIG. 10 is a sectional view taken along line
X-X in FIG. 9. In the present embodiment, in the MEA 7, a
porous base 3 has relatively large opening portions 3/ and, in
these opening portions 3/, metal mesh sheets 124 that do not
degrade porosity of the cathode 5 are disposed. The metal
mesh sheets 12a and silver paste 12g that has been sintered
under conditions suitable for the silver paste are fixed to the
cathode 5. In FIG. 9, upper and lower opening portions 2/
appear to be at the same positions and continuously formed;
however, actually, the opening portions 3/ are discontinu-
ously disposed and have an opening diameter that is equal to
or less than a fraction of the circumference. The metal mesh
sheets 12a disposed in the opening portions 3/ of the porous
base 3 50 as to be in contact with a surface of the cathode 5 (the
surface being opposite to a solid electrolyte 1) serve as a main
part of a cathode collector 12. The metal mesh sheets 12a
limited to be in the opening portions 3/ are integrated with an
appropriate conductor or wiring (not shown) to function as
the cathode collector 12.

[0112] A metal mesh sheet 11a that does not degrade poros-
ity of an anode 2 is also disposed on a surface of the anode 2.
The metal mesh sheet 11a disposed on the anode surface
constitutes a part of an anode collector 11.

[0113] The metal mesh sheets 11a and 12q are preferably
formed of, for example, Ni, a Ni—Fe system, a Ni—Co
system, a Ni—Cu system, a Ni—Cr system, or a Ni—W
system. For example, a nonwoven fabric of such a metal or a
metal nonwoven fabric including a plated layer of such a
metal may be used.

[0114] The anode collector 11 has the following configu-
ration: anode 2/metal mesh sheet 11a/porous plated body 11s
for preventing gas from passing without being treated/central
conductive rod 11%. A hydrogen-containing reducing gas
such as ammonia is introduced into the anode 2.

[0115] FIGS. 11A and 11B illustrate the metal mesh sheets
11a. As for FIG. 11A, a single-phase metal sheet is perforated
to form the mesh structure. FIG. 11B illustrates a metal
woven fabric. The mesh size is exaggeratedly illustrated. The
metal mesh sheet 11a may be selected from the sheets illus-
trated in FIGS. 11A and 11A. When the metal mesh sheet 11a
is formed of Ni, a Ni—Fe system, a Ni—Co system, a
Ni—Cu system, a Ni—Cr system, or a Ni—W system, the
metal mesh sheet 11a exhibits catalysis as with the metal
deposit body 21 in the anode 2 to thereby promote decompo-
sition of ammonia or the like.

[0116] In the case of Ni, a Ni—Fe system, a Ni—Co sys-
tem, or a Ni—Cu system, reduction bonding of the metal
mesh sheet 11a to the anode 2 can be readily achieved. Spe-
cifically, reduction bonding can be achieved without consid-
erably decreasing oxygen partial pressure.

[0117] The metal mesh sheets 12a constituting the cathode
collector 12 are preferably woven fabrics formed of a Ni—Cr
system or a Ni—W system or metal woven fabrics including
plated layers of such a metal. This is because a Ni—Cr system
or Ni—W system metal has high oxidation resistance though
oxygen is introduced into the cathode 5 and oxidation tends to
proceed in high-temperature environments. Use of such metal
mesh sheets 12a can enhance durability of the cathode col-
lector 12. The metal mesh sheets 12a constituting the cathode
collector 12 are formed by partially cutting the metal mesh
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sheets 11a for the anode collector 11 illustrated in FIGS. 11A
and 11B so as to correspond to the shape of the opening
portions 3/.

[0118] The silver paste remains as silver particles 12g. The
silver particles 12g serve as a strong catalyst that promotes
decomposition of oxygen molecules. Accordingly, the rates at
which oxidation reactions of surrounding materials proceed
can be substantially considerably decreased. As a result, the
effect of substantially decreasing the concentration of oxygen
molecules can be exerted to further enhance durability,
though the metal mesh sheets 12a are formed of such an
oxidation resistant metal and have oxidation resistance.
[0119] Inaddition, since silver is a very good conductor and
the electric resistance of the cathode collector 12 can be
decreased.

[0120] The production method of the MEA 7 illustrated in
FIG. 9 is basically the same as the production method of the
MEA in the first embodiment or the like. Differences are that
the opening portions 3/ are formed and the cathode collector
12 and the anode collector 11 are disposed. Points during the
production are as follows.

(1) The opening portions 3% are formed in the porous base 3
before a dispersion plating treatment is performed.

(2) During the dispersion plating treatment, detachable pad
members are placed in the opening portions 3% so that the
cathode 5 corresponding to the opening portions 3% is also
formed on the same plane as the cylindrical surface of non-
opening portions of the porous base 3.

(3) The porous base 3 with opening portions 3//cathode
3/solid electrolyte 1/anode 2 is formed by the dispersion
plating treatment (refer to FIGS. 3A and 3B). The pad mem-
bers are detached. Co-sintering is then performed before the
metal mesh sheets 11a and 124 are placed. Conditions for the
co-sintering are described above.

(4) Anode collector 11:

[0121] To an intermediate product obtained by the co-sin-
tering, the metal mesh sheet 11a is bonded so as to be in
contact with the anode 2 by reduction bonding. As to condi-
tions of the reduction bonding, in the case of using both an
inert gas and a reducing gas, a nitrogen gas serving as a base
and containing a small amount of a gas such as ammonia is
preferably made to flow. For example, (3% NH;+N,) may be
used. Such non-oxidizing gases are used and leakage is
checked to achieve a low oxygen partial pressure of about
1E-15 atm. As to the temperature, heating is performed to
achieve a temperature at which diffusion sufficiently occurs,
for example, about 950° C. When a sufficiently low oxygen
partial pressure is achieved, reduction bonding naturally pro-
ceeds at 950° C. The holding time at 950° C. is preferably, for
example, 20 minutes. As a result, an electrode connection
structure allowing a good contact between the anode 2 and a
gas to be decomposed and having a low electric resistance can
be obtained.

[0122] The porous plated body 11s wound around the cen-
tral conductive rod 11k is preferably Celmet (registered trade-
mark: Sumitomo Electric Industries, Ltd.), which can be
selected so as to have a high porosity. The sheet-shaped
Celmet 11s is wound around the central conductive rod 114
and inserted so as to be surrounded by the metal mesh sheet
11a. At this time, paste of a metal such as Ni is preferably
sufficiently applied to the outer circumferential surface of the
Celmet 11s or the inner circumferential surface of the metal
mesh sheet 11a. In the state where the Celmet 11s has been
inserted, reduction bonding is performed again.
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[0123] The reduction bonding between the anode 2 and the
metal mesh sheet 11a and the reduction bonding between the
metal mesh sheet 11a and the porous plated body 11s or
Celmet 11s may be simultaneously performed.

(5) Cathode collector 11:

[0124] The metal mesh sheets 12a formed so as to corre-
spond to the shape of the opening portions 3% are prepared.
The metal mesh sheets 124 are fixed so as to be in contact with
the cathode 5 by using the silver paste 12g and other fasteners.
According to sintering conditions for the silver paste 12g, for
example, sintering is preferably performed at 900° C. in a
nitrogen atmosphere.

[0125] The metal mesh sheets 12a disposed separately in
the opening portions 3/ can be connected with a conductor or
wiring (not shown) to constitute an integrated cathode collec-
tor.

Fifth Embodiment

[0126] FIG. 12 illustrates a gas decomposition system
functioning as a fuel cell according to a fifth embodiment of
the present invention. In this fuel cell system 50, a hydrogen
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ing on the concentrations of remaining components, the gas-
eous fluid can be returned for circulation.

[0128] Inthe fuel cell system 50, it is not necessary to make
the concentration of the gas component be very low as in the
case for gas detoxification; by causing the electrochemical
reaction for decomposition at a high gas-component concen-
tration, high power-generation performance can be achieved.

(Another Electrochemical Reaction)

[0129] Table I describes examples of other gas decomposi-
tion reactions to which a MEA or the like according to the
present invention can be applied. A gas decomposition reac-
tion R1 is an ammonia/oxygen decomposition reaction
described in the first embodiment and the like. In addition, a
catalyst and an electrode according to the present invention
can be applied to all the gas decomposition reactions R2 to
R20: specifically, ammonia/water, ammonia/NOx, hydrogen/
oxygen/, ammonia/carbon dioxide, volatile organic com-
pounds (VOC)/oxygen, VOC/NOX, water/NOx, and the like.

TABLE I

Item

Gas introduced

Moving Gas introduced

Electrochemical

Number into anode ion into cathode Mode reaction

R1 NH; o> 0, Power generation Oxidation

R2 NH, o> H,0 Power generation Oxidation

R3 NH; o NO,, NO Power generation Oxidation

R4 H, o> 0, Power generation Oxidation

RS NH; o> CO, Electrolysis Oxidation
(supply of electric power)

R6 VOC such as CH, o 0, Power generation Oxidation

R7 VOC such as CH, o> NO,, NO Electrolysis Oxidation
(supply of electric power)

RS H,0 o NO,, NO Electrolysis Oxidation
(supply of electric power)

R20 Cyan-based hydrogen o> 0, Low power generation Oxidation

such as HCN
source that is hydrogen-containing molecules such as ammo- [0130] TableI merely describes several examples of a large

nia, toluene, and xylene is supplied from a hydrogen source
and decomposed in a power generation cell 10 or a gas
decomposition component 10. The MEA (not shown) of the
gas decomposition component 10 is any one of the MEAs
described in the first to fourth embodiments. The electro-
chemical reaction of gas decomposition results in generation
of electric power. A portion of the electric power is used for a
heating unit (heater) 41 for enhancing the gas decomposition
performance or power generation performance. The remain-
der of the electric power is converted to an electric-power
form compatible with an external apparatus, for example, by
alternating-current/direct-current conversion with an inverter
71 and boosting of the voltage. Thus, the fuel cell system of
the present embodiment can employ various hydrogen
sources including organic substances such as saccharides and
can be used as a power supply for electronic devices such as
personal computers (PCs) and mobile terminals or a power
supply for electric devices consuming higher electric power.
[0127] A gaseous fluid discharged from the power genera-
tion cell 10 or the gas decomposition component 10 after
decomposition is measured with a post-treatment device (in-
cluding sensor) 75 in terms of concentrations of remaining
components and treated to ensure safety. In this case, depend-

number of electrochemical reactions. A catalyst and an elec-
trode according to the present invention are also applicable to
a large number of other reactions. For example, the reaction
examples in Table I are limited to examples in which oxygen-
ion-conductive solid electrolytes are employed. However, as
described above, reaction examples in which proton (H")-
conductive solid electrolytes are employed are also major
embodiments of the present invention. Even when a proton-
conductive solid electrolyte is employed, in the combinations
of gases described in Table I, the gas molecules can be finally
decomposed, though the ion species passing through the solid
electrolyte is proton. For example, in the reaction (R1), in the
case of'aproton-conductive solid electrolyte, ammonia (NH;)
is decomposed in the anode into nitrogen molecules, protons,
and electrons; the protons move through the solid electrolyte
to the cathode; the electrons move through the external circuit
to the cathode; and, in the cathode, oxygen molecules, the
electrons, and the protons generate water molecules. In view
of'the respect that ammonia is finally combined with oxygen
molecules and decomposed, this case is the same as the case
where an oxygen-ion solid electrolyte is employed.

[0131] The above-described electrochemical reactions are
gas decomposition reactions intended for gas detoxification.
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There are also gas decomposition components whose main
purpose is not gas detoxification. A gas decomposition com-
ponent according to the present invention is also applicable to
such electrochemical reaction apparatuses, such as fuel cells.
[0132] Embodiments of the present invention have been
described so far. However, embodiments ofthe present inven-
tion disclosed above are given by way of illustration, and the
scope of the present invention is not limited to these embodi-
ments. The scope of the present invention is indicated by
Claims and embraces all the modifications within the mean-
ing and range of equivalency of the Claims.

INDUSTRIAL APPLICABILITY

[0133] In a MEA and the like according to the present
invention, a general electrochemical reaction causing gas
decomposition or the like can be made to proceed at high
efficiency and the cost efficiency can be enhanced. In particu-
lar, by forming a porous base as a cylindrical body, the size of
a gas treatment apparatus requiring high airtightness can be
reduced and the apparatus can be easily installed near an
apparatus generating a gas. Accordingly, transfer of a gas
having a high concentration through pipes to large gas treat-
ment equipment in conventional cases is no longer required
and serious accidents can be prevented even in the case of, for
example, an earthquake.

REFERENCE SIGNS LIST

[0134] 1 solid electrolyte

[0135] 2 anode

[0136] 2/ pore in anode

[0137] 3 porous base

[0138] 3/ opening portion in porous base

[0139] 5 cathode

[0140] 7 MEA (membrane electrode assembly)
[0141] 7a MEA body portion

[0142] 10 gas decomposition apparatus (component)
[0143] 11 anode collector

[0144] 11a metal mesh sheet

[0145] 11k central conductive rod

[0146] 115 porous metal body (porous plated body)
[0147] 12 cathode collector

[0148] 12a metal mesh sheet

[0149] 12g silver-paste-coated portion (silver particles)
[0150] 15 ion-conductive ceramic

[0151] 21 deposit body or porous body of metal in anode
[0152] 22 ion-conductive ceramic in anode

[0153] 41 heater

[0154] 71 inverter

[0155] 75 post-treatment device

[0156] P gas passage

[0157] S air space

1. A membrane electrode assembly (MEA) used for an
electrochemical reaction causing gas decomposition, com-
prising:

a porous base; and

a MEA body portion in which a porous anode, an ion-

conductive solid electrolyte, and a porous cathode are
stacked,

wherein the anode or the cathode is disposed in contact

with a surface of the porous base, and

the porous anode has a porous layer or deposit layer of a

metal having catalysis for the gas decomposition.

Apr. 25,2013

2. The membrane electrode assembly according to claim 1,
wherein the porous base is a cylindrical body; the anode is
disposed so as to have a cylindrical form in contact with an
outer circumferential surface of the cylindrical body; and the
solid electrolyte and the cathode are disposed so as to have
cylindrical forms on the anode.

3. The membrane electrode assembly according to claim 1,
wherein the porous base is a cylindrical body; the cathode is
disposed so as to have a cylindrical form in contact with an
inner circumferential surface of the cylindrical body; and the
solid electrolyte and the anode are disposed so as to have
cylindrical forms on an inner-surface side of the cathode.

4. The membrane electrode assembly according to claim 1,
wherein the metal having catalysis is composed of at least one
selected from the group consisting of Ni, a Ni—Fe system, a
Ni—Co system, a Ni—Cu system, a Ni—Cr system, and a
Ni—W system.

5. The membrane electrode assembly according to claim 1,
wherein the anode has a thickness of 1 um or more and 1 mm
or less.

6. The membrane electrode assembly according to claim 1,
wherein the anode has a thickness of 50 pm or less and the
anode does not contain any ion-conductive ceramic.

7. The membrane electrode assembly according to claim 1,
wherein the anode contains an ion-conductive ceramic.

8. The membrane electrode assembly according to claim 1,
wherein the solid electrolyte has a thickness of 0.7 um or more
and 20 pm or less.

9. The membrane electrode assembly according to claim 1,
wherein the solid electrolyte is oxygen-ion conductive or
proton conductive.

10. The membrane electrode assembly according to claim
1, wherein the anode, the solid electrolyte, and the cathode are
formed by an electrophoretic process or a plating process.

11. The membrane electrode assembly according to claim
1, wherein a conductor having a form that does not degrade
porosity is disposed on at least one selected from a surface
and another surface of the porous base, a surface of the anode
on a side opposite to the solid electrolyte, and a surface of the
cathode on a side opposite to the solid electrolyte.

12. A fuel cell comprising the membrane electrode accord-
ing to claim 1.

13. A gas detoxification apparatus comprising the elec-
trode assembly according to claim 1.

14. A method for producing a membrane electrode assem-
bly (MEA) used for an electrochemical reaction causing gas
decomposition, comprising:

a step of preparing a porous base;

a step of forming a multilayer-body MEA in which a
porous anode, a solid electrolyte and a porous cathode
are stacked on the porous base by an electrophoretic
process or a plating process; and

a step of sintering the porous base included in the multi-
layer-body MEA,

wherein, in the step of forming the multilayer-body MEA,
the multilayer-body MEA is formed such that the porous
anode or the porous cathode is in contact with a surface
of the porous base and the anode is formed so as to
include a porous layer or deposit layer of a metal having
catalysis for the gas decomposition.

15. The method for producing a membrane electrode

assembly according to claim 14, wherein, in the electro-
phoretic process or the plating process, the anode is formed
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such that ion-conductive ceramic particles are dispersed in
the porous layer or deposit layer composed of Ni ora Ni alloy.

16. The method for producing a membrane electrode
assembly according to claim 14, wherein, in the electro-
phoretic process or the plating process, the anode is formed
such that the porous layer or deposit layer composed of Ni or
a Ni alloy does not contain any ion-conductive ceramic par-
ticles.

17. The method for producing a membrane electrode
assembly according to claim 14, wherein the porous base is
formed as a cylindrical body; the anode is formed so as to
have a cylindrical form in contact with an outer circumferen-
tial surface of the cylindrical body, and the solid electrolyte
and the cathode are subsequently sequentially formed so as to
have cylindrical forms on an outer-surface side of the anode.

18. The method for producing a membrane electrode
assembly according to claim 14, wherein the porous base is
formed as a cylindrical body; the cathode is formed so as to
have a cylindrical form in contact with an inner circumferen-
tial surface of the cylindrical body, and the solid electrolyte
and the anode are subsequently sequentially formed so as to
have cylindrical forms on an inner-surface side of the cath-
ode.



