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Description

Technical Field

[0001] The present invention relates to a catalyst for exhaust gas purification use (exhaust gas purifying catalyst) used
to remove a nitrogen oxide in an exhaust gas.

Background Art

[0002] Selective catalytic reduction with ammonia (hereinafter, referred to as ammonia SCR) has been often employed
as a method for removing a nitrogen oxide (NOx) contained in a combustion exhaust gas. The ammonia SCR is a method
for adding, to the exhaust gas, ammonia as a reducing agent and making the exhaust gas in contact with a NOx removal
catalyst containing vanadium or titania as a main component so as to remove the nitrogen oxide.
[0003] However, an exhaust gas discharged from, e.g., an incineration facility or a marine vessel engine has a high
sulfur oxide (SOx) concentration and a high nitrogen oxide concentration, and has a low temperature. For example, at
a location downstream of a supercharger for an exhaust gas from a marine vessel engine, the exhaust gas has a
temperature of 300°C or less. In a case where the ammonia SCR is applied under such conditions, ammonia (NH3),
which is a reducing agent, reacts with a sulfur oxide (SOx) to generate ammonium sulfate ((NH4)2SO4), thereby causing
a trouble(s) such as blocking of a duct and/or catalyst clogging.
[0004] Meanwhile, there has been developed a denitration technique that uses an alcohol as a reducing agent to
cause a reduction reaction of a nitrogen oxide in an exhaust gas.
[0005] For example, Patent Literature 1 discloses: an exhaust gas purifying catalyst having denitration capability of
removing a nitrogen oxide even in an exhaust gas containing a sulfur oxide; and a method for cleaning an exhaust gas
with use of the exhaust gas purifying catalyst. The exhaust gas purifying method disclosed in Patent Literature 1 is a
method for making an oxygen-excessive exhaust gas in contact with a catalyst including β zeolite having, as a NOx
removal catalyst, at least one kind of metal selected from iron, cobalt, silver, molybdenum, and tungsten supported
thereon, in the presence of an ethanol and/or an isopropyl alcohol as a reducing agent. With this method, a nitrogen
oxide in the exhaust gas is reduced and removed.

Citation List

[Patent Literature]

[0006]

[Patent Literature 1]
Japanese Patent Application Publication Tokukai No. 2004-358454

Summary of Invention

Technical Problem

[0007] However, with the exhaust gas purifying method disclosed in Patent Literature 1 employing the reduction
removal method involving use of the NOx removal catalyst, sufficient denitration capability cannot be achieved, unless
the temperature in the reaction for purifying the exhaust gas is approximately 300°C to approximately 500°C, which is
higher than the temperature (approximately 130°C to 300°C) of an exhaust gas discharged from an incineration facility
or a marine vessel, disadvantageously. Furthermore, in Patent Literature 1, durability against SO3, which greatly influ-
ences degradation of the catalyst when adhered to the catalyst, is not confirmed.
[0008] In consideration of these circumstances, an aspect of the present invention has an object to provide an exhaust
gas purifying catalyst capable of suppressing or reducing the degree of degradation in nitrogen-oxide removal capability
(in other words, an exhaust gas purifying catalyst having a high denitration capability retention rate).

Solution to Problem

[0009] In order to attain the object, an exhaust gas purifying catalyst in accordance with an aspect of the present
invention is an exhaust gas purifying catalyst for promoting a decomposition reaction of a nitrogen oxide in an exhaust
gas to which at least one of a hydrocarbon and an alcohol is added, the exhaust gas purifying catalyst including a
substrate having zeolite and a zirconium oxide supported thereon.
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Advantageous Effects of Invention

[0010] In accordance with an aspect of the present invention, it is possible to provide an exhaust gas purifying catalyst
capable of suppressing or reducing the degree of degradation in nitrogen-oxide removal capability.

Brief Description of Drawings

[0011]

(a) and (b) of Fig. 1 are cross-sectional views illustrating a configuration of an exhaust gas purifying catalyst in
accordance with an embodiment of the present invention.
Fig. 2 is a cross-sectional view illustrating a configuration of an exhaust gas purifying catalyst of a comparative
example, relative to the exhaust gas purifying catalyst in accordance with the present invention.

Description of Embodiments

[0012] The following will describe an embodiment of the present invention. However, the present invention is not
limited to this. Unless otherwise noted, the expression "A to B" indicating a numerical range means "not less than A and
not more than B". The term "mass" is considered as a synonym of "weight".

<Exhaust gas cleaning catalyst>

[0013] (a) and (b) of Fig. 1 are cross-sectional views illustrating a configuration of an exhaust gas purifying catalyst
in accordance with an embodiment of the present invention.
[0014] The exhaust gas purifying catalyst in accordance with the aspect of the present invention is an exhaust gas
purifying catalyst for promoting a decomposition reaction of a nitrogen oxide in an exhaust gas to which at least one of
a hydrocarbon and an alcohol is added, the exhaust gas purifying catalyst including a substrate having zeolite and a
zirconium oxide supported thereon. In other words, the exhaust gas purifying catalyst in accordance with the aspect of
the present invention is an exhaust gas purifying catalyst for promoting a decomposition reaction of a nitrogen oxide in
an exhaust gas to which at least one of a hydrocarbon and an alcohol is added. As shown in (a) of Fig. 1, an exhaust
gas purifying catalyst 10 includes a substrate 3 having zeolite 2 and a zirconium oxide 1 supported thereon. With this,
the exhaust gas purifying catalyst 10 can suppress or reduce the degree of degradation of the nitrogen-oxide removal
capability. In other words, it is possible to enhance the denitration capability retention rate of the exhaust gas purifying
catalyst 10.
[0015] Note that a "denitration capability retention rate" is calculated according to formula (1) below. 

[0016] Here, "k" and "k0" in formula 1 are calculated according to formula (2) below. Note that the denitration rate of
k0 is an initial denitration rate. 

[0017] Here, "AV" in formula (2) is an areal velocity, and is calculated according to formula (3) below. 

[0018] As shown in (a) of Fig. 1, the exhaust gas purifying catalyst 10 is preferably configured such that a layer (zeolite
layer) having the zeolite 2 supported thereon and a layer (zirconium oxide layer) having the zirconium oxide 1 supported
thereon are provided to a substrate 3 in a layered form. With the configuration in which the layer (zeolite layer) formed
by causing the zeolite 2 to be supported on the substrate 3 is covered with the layer (zirconium oxide layer) formed by
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causing the zirconium oxide to be supported on the substrate 3, it is possible to suppress or reduce the phenomenon
that a sulfur component (S) is adhered to the zeolite 2 in the exhaust gas purifying catalyst 10. With this, it is possible
to enhance the durability of the exhaust gas purifying catalyst 10. Note that the layer being provide to the substrate 3
and having the zeolite 2 supported thereon may contain a zirconium oxide. Meanwhile, the layer having the zirconium
oxide supported thereon preferably does not contain the zeolite 2, from the above-described viewpoint.
[0019] The exhaust gas purifying catalyst 10 only needs to include the substrate 3 having the zeolite 2 and the zirconium
oxide 1 supported thereon. As shown in (b) of Fig. 1, the exhaust gas purifying catalyst 10 may be configured such that
the zeolite 2 and the zirconium oxide 1 are directly supported on the substrate 3.
[0020] The exhaust gas purifying catalyst 10 only needs to include the substrate 3 having the zeolite 2 and the zirconium
oxide 1 supported thereon. As shown in (b) of Fig. 1, the exhaust gas purifying catalyst 10 may be configured such that
the layer (zeolite layer) having the zeolite 2 supported thereon and the layer (zirconium oxide layer) having the zirconium
oxide 1 supported thereon are directly provided in the substrate 3, instead of the configuration in which these layers are
provided to the substrate 3 in a layered form. In other words, the layer (zeolite layer) having the zeolite 2 supported
thereon and the layer (zirconium oxide layer) having the zirconium oxide 1 supported thereon may be provided as a
single layer in the substrate 3.
[0021] The exhaust gas purifying catalyst 10 is a structure constituted by the substrate 3 provided with the layer (zeolite
layer) having the zeolite 2 supported thereon and the layer (zirconium oxide layer) having the zirconium oxide 1 supported
thereon. The exhaust gas purifying catalyst 10 configured as the above-described structure is practically applicable as
an exhaust gas purifying catalyst that is excellent in durability and practicality. The structure may be in the form of a
honeycomb structure having a honeycomb shape or in the form of a honeycomb shape constituted only of small corrugated
plate pieces, for example. In order to suppress or reduce a pressure drop, the exhaust gas purifying catalyst 10 is more
preferably a honeycomb structure that has a honeycomb shape and that is constituted by the substrate 3 provided with
the layer (zeolite layer) having the zeolite 2 supported thereon and the layer (zirconium oxide layer) having the zirconium
oxide 1 supported thereon.
[0022] The layer (zeolite layer) having the zeolite 2 supported thereon and the layer (zirconium oxide layer) having
the zirconium oxide 1 supported thereon, which are provided to the substrate 3 of the exhaust gas purifying catalyst 10,
may each contain an inorganic binder in order to retain the form and to bond the zeolite 2 and/or the metallic oxide 1 to
the substrate 3.
[0023] The inorganic binder is not limited to any particular one, provided that it contains a component that would not
become a metallic oxide but becomes a zirconium oxide (ZrO2), titania (TiO2), silica (SiO2), or alumina (Al2O3), each of
which may be added as an inorganic binder, after being calcined. Thus, the inorganic binder may be selected from
commercially-available ones. For example, the inorganic binder may be a zirconia sol containing a zirconium acetate
(ZrO(C2H3O2)2) as a main component. The weight ratio of the inorganic binder contained in the layer (zeolite layer)
formed by causing the zeolite 2 to be supported on the substrate 3 is 0.02 to 1.0, relative to 1.0 of the zeolite 2. The
weight ratio of the inorganic binder contained in the layer (zirconium oxide layer) formed by causing the zirconium oxide
1 to be supported on the substrate 3 is 0.02 to 1.0, relative to 1.0 of the zirconium oxide 1.

(Exhaust gas)

[0024] The exhaust gas is not limited to any particular one, provided that it is an exhaust gas containing a nitrogen
oxide (NOx) and a sulfur oxide (SOx). The exhaust gas may be, e.g., an exhaust gas discharged from a diesel engine,
an oil burning boiler, a gas turbine, an incinerator for burning waste such as garbage, or the like. For example, the
combustion exhaust gas may be an exhaust gas from a marine vessel engine generated as a result of burning of a fuel
containing many impurities, such as heavy oil (e.g., heavy oil C). The exhaust gas from the marine vessel engine and
the exhaust gas from the incineration facility contain large amounts of nitrogen oxide (NOx) and sulfur oxide (SOx).
[0025] An exhaust gas purifying catalyst 10 for purifying the exhaust gas from the marine vessel engine or the like is
disposed at a location where the exhaust gas, having discharged from the marine vessel diesel engine and having
passed through a supercharger, has a low temperature of approximately 250°C (e.g., 130°C to 300°C). An exhaust gas
purifying catalyst 10 for purifying an exhaust gas from the incineration facility or the like is disposed at a location where
the exhaust gas, having been discharged from the incinerator for burning waste such as garbage and having passed
through a bag filter for exhaust gas processing, has a low temperature of approximately 250°C (e.g., 130°C to 300°C).
[0026] The exhaust gas purifying catalyst 10 is designed for an exhaust gas to which at least one of a hydrocarbon
and an alcohol is added, and has the substrate 3 provided with the layer (zeolite layer) having the zeolite 2 supported
thereon and the layer (zirconium oxide layer) having the zirconium oxide 1 supported thereon. With this, chemical bonding
hardly occurs between the exhaust gas purifying catalyst 10 and a sulfur oxide contained in an exhaust gas having a
temperature of approximately 130°C to approximately 300°C. Particularly in a case where the zeolite 2 is FER zeolite,
chemical bonding hardly occurs between the exhaust gas purifying catalyst 10 and a sulfur oxide (SOx) contained in an
exhaust gas having a temperature of 300°C or less.
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(Hydrocarbon)

[0027] Addition of a hydrocarbon as a reducing agent into an exhaust gas makes it possible to reduce and remove a
nitrogen oxide in the exhaust gas on the exhaust gas purifying catalyst for promoting a decomposition reaction of the
nitrogen oxide.
[0028] The hydrocarbon is not limited to any particular one, but is preferably a C1-5 hydrocarbon, more preferably a
C1-3 hydrocarbon. Particularly preferably, the hydrocarbon is methane, ethane, ethylene, or propane.

(Alcohol)

[0029] Addition of an alcohol as a reducing agent into an exhaust gas makes it possible to reduce and remove a
nitrogen oxide in the exhaust gas on the exhaust gas purifying catalyst for promoting a decomposition reaction of the
nitrogen oxide.
[0030] The alcohol is not limited to any particular one, but is preferably a C1-11 alcohol, more preferably a C1-5 alcohol.
The alcohol is preferably an aliphatic alcohol. The aliphatic alcohol may be in a straight-chain form, a branched form,
or a cyclic form. Particularly preferably, the aliphatic alcohol is methanol, ethanol, or isopropyl alcohol.

(Substrate)

[0031] The substrate 3 may be an inorganic fiber sheet, for example. Examples of the inorganic fiber sheet encompass
a glass fiber sheet (glass fiber paper) and a ceramic fiber sheet (ceramic fiber paper). The inorganic fiber sheet may be
a flat inorganic fiber sheet or a corrugated inorganic fiber sheet. In a case where the exhaust gas purifying catalyst 10
is a honeycomb structure, the exhaust gas purifying catalyst 10 is preferably a honeycomb structure formed by alternately
combining (1) a flat inorganic fiber sheet(s) having the zeolite 2 and the zirconium oxide 1 supported thereon and (2) a
corrugated inorganic fiber sheet(s) having the zeolite 2 and the zirconium oxide 1 supported thereon. The exhaust gas
purifying catalyst 10 in accordance with an embodiment of the present invention is preferably a honeycomb structure
formed by alternately combining (1) an exhaust gas purifying catalyst(s) 10 each including a flat inorganic fiber sheet
which is a substrate 3 and which has zeolite 2 and a zirconium oxide 1 supported thereon and (2) an exhaust gas
purifying catalyst(s) 10 each including a corrugated inorganic fiber sheet which is a substrate 3 and which has zeolite 2
and a zirconium oxide 1 supported thereon.

(Zeolite layer)

[0032] The exhaust gas purifying catalyst 10 can remove a nitrogen oxide (NOx) in the exhaust gas, thanks to the
zeolite included therein.
[0033] The zeolite 2 is not limited to any particular one, and may be MFI zeolite or FER zeolite, for example.
[0034] Preferably, the zeolite 2 has a catalyst metal supported thereon, since such zeolite 2 can enhance the denitration
capability. Examples of the catalyst metal encompass bismuth (Bi), silver (Ag), lead (Pb), and cobalt (Co). The weight
ratio of the catalyst metal is preferably 1 weight% to 20 weight%, relative to 100 weight% of the exhaust gas purifying
catalyst 10.

(Zirconium oxide)

[0035] The zirconium oxide 1 is preferably zirconia (ZrO2), and may be a composite oxide of zirconium and other
metal(s). The configuration in which the exhaust gas purifying catalyst has the zirconium oxide 1 supported thereon can
suppress or reduce the phenomenon that a sulfur (S) component is adhered to the zeolite 2 in the exhaust gas purifying
catalyst, thereby making it possible to enhance the durability of the exhaust gas purifying catalyst 10.
[0036] The form of the zirconium oxide 1 is not limited to any particular one, provided that the zirconium oxide 1 can
be applied to the substrate with it. For example, the zirconium oxide 1 may be in the form of powder or a sol.

<Method for producing exhaust gas purifying catalyst>

[0037] The following will describe a method in accordance with an aspect of the present invention for producing an
exhaust gas purifying catalyst 10 (shown in (a) of Fig. 1) including a substrate 3 provided with a layer (zeolite layer)
having zeolite 2 supported thereon and having two sides respectively provided with layers (zirconium oxide layers)
having a zirconium oxide 1 supported thereon. In this case, the method in accordance with the aspect of the present
invention for producing the exhaust gas purifying catalyst includes: a zeolite slurry preparing step; a zeolite supporting
step; a zirconium oxide slurry preparing step; and a zirconium oxide supporting step. The method in accordance with
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the aspect of the present invention for producing the exhaust gas purifying catalyst carries out these steps such that,
after the layer (zeolite layer) having the zeolite 2 supported thereon is formed, the layer (metallic oxide layer) having the
zirconium oxide 1 supported thereon is formed.
[0038] In the zeolite slurry preparing step, a zeolite slurry is prepared by adding the zeolite 2 to a solvent. Examples
of the solvent encompass ion-changed water, a solvent having one or more alkoxy groups and one or more hydroxy
groups, and a solvent and an acid each having two or more hydroxy groups such as ethylene glycol.
[0039] In the zeolite slurry preparing step, a catalyst metal and/or an inorganic binder may be further added to the
solvent.
[0040] In a case where the catalyst metal is added to the solvent, it is preferable to mix the catalyst metal with the
solvent prior to addition of the zeolite to the solvent. In a case where the inorganic binder is added to the solvent, it is
preferable to add the inorganic binder after heating and stirring the zeolite slurry to which the inorganic binder is not
added yet and cooling it to room temperature. The heating temperature is not limited to any particular one, provided that
it is a temperature not higher than a boiling point of the solvent. The stirring time only needs to be the one with which
the zeolite slurry can be stirred sufficiently. For example, the stirring time is preferably three hours or more. From the
viewpoint of working efficiency, the stirring time is preferably 10 hours or less.
[0041] The weight ratio between the solvent and the zeolite 2 is preferably 1.0 to 3.0 : 1.0, for example.
[0042] The weight of the catalyst metal and the weight of the zeolite 2 may be appropriately adjusted so that, preferably,
the weight ratio of the catalyst metal and the weight ratio of the zeolite 2 is 1.0 weight% to 20 weight%, relative to 100
weight% of the exhaust gas purifying catalyst 10.
[0043] The weight ratio between the inorganic binder and the zeolite 2 is preferably 0.02 to 1.0 : 1.0, for example.
[0044] In the zeolite supporting step, the zeolite slurry prepared in the zeolite slurry preparing step is impregnated in
the substrate from its inside to its surface. This causes the zeolite to be supported on the substrate. This step may be
carried out by any method, provided that the zeolite slurry can be impregnated in the substrate from its inside to its
surface with it. For example, the substrate may be immersed in the zeolite slurry, or the zeolite slurry may be applied
onto the surface of the substrate.
[0045] In order to evaporate the solvent contained in the zeolite slurry, the zeolite supporting step may include dry
processing, for example. The drying temperature is preferably 100°C or higher. The method for the dry processing may
be natural drying. By carrying out the dry processing to evaporate the solvent contained in the zeolite slurry, it is possible
to form, to the substrate 3, the layer (zeolite layer) having the zeolite supported thereon.
[0046] In the zirconium oxide slurry preparing step, a zirconium oxide slurry is prepared by adding the zirconium oxide
to a solvent.
[0047] The form of the zirconium oxide 1 is not limited to any particular one, provided that the zirconium oxide 1 can
be applied to the substrate 3 with it. For example, the zirconium oxide 1 may be in the form of powder or a sol. For
example, a substance added as the metallic oxide 1 has a larger particle size than that of a substance added as the
inorganic binder.
[0048] In the zirconium oxide slurry preparing step, an inorganic binder may be further added to the solvent. In a case
where the inorganic binder is added to the solvent, it is preferable to add the inorganic binder after stirring the zirconium
oxide slurry to which the inorganic binder is not added yet. The inorganic binder contained in each layer is for bonding
the zeolite 2 or the zirconium oxide 1 to the substrate 3. The layer (metallic oxide layer) having the zirconium oxide 1
supported thereon plays a role to suppress or reduce the degradation in the nitrogen-oxide removal capability.
[0049] The weight ratio between the solvent and the zirconium oxide is preferably 1.0 to 5.0 : 1.0, more preferably 1.0
to 3.0 : 1.0. Examples of the solvent encompass ion-changed water, a solvent having one or more alkoxy groups and
one or more hydroxy groups, and a solvent and an acid each having two or more hydroxy groups such as ethylene glycol.
[0050] In the exhaust gas purifying catalyst, the weight ratio of the zirconium oxide may be appropriately adjusted so
as to be preferably 0.1 to 1.0, more preferably 0.2 to 1.0, even more preferably 0.3 to 1.0, most preferably 0.33 to 0.95,
relative to 1.0 of the layer formed by causing the zeolite to be supported on the substrate 3. Note that the weight of the
layer (zeolite layer) formed by causing the zeolite 2 to be supported on the substrate 3 and the weight of the layer
(zirconium oxide layer) formed by causing the zirconium oxide 1 to be supported on the substrate 3 can each be obtained
by subtracting the weight measured before the layer is formed from the weight measured after the layer is formed.
[0051] In the zirconium oxide supporting step, the surface of the substrate having the zeolite supported thereon is
covered with the zirconium oxide slurry prepared in the zirconium oxide slurry preparing step, and the substrate covered
with the zirconium oxide slurry is subjected to drying and calcination. This causes the zirconium oxide to be supported
on the substrate having the zeolite supported thereon.
[0052] This step only needs to be capable of covering, with the zirconium oxide slurry, the surface of the substrate
having the zeolite supported thereon. The zirconium oxide supporting step may be carried out by immersing, in the
zirconium oxide slurry prepared in the zirconium oxide slurry preparing step, the substrate which has undergone the
zeolite supporting step and which has the zeolite supported thereon. Alternatively, the zirconium oxide supporting step
may be carried out by applying the zirconium oxide slurry onto the surface of the substrate having the zeolite supported
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thereon.
[0053] The drying temperature in the zirconium oxide supporting step is preferably 100°C or more, since it is necessary
to evaporate the solvent contained in the zirconium oxide slurry. The drying method in the zirconium oxide supporting
step may be natural drying. At the end of the zirconium oxide supporting step, calcination is carried out to evaporate an
organic component contained in the substrate 3. In order to get rid of the organic component contained in the substrate
3, the calcination temperature is preferably 400°C to 600°C.
[0054] The following will describe a method in accordance with an aspect of the present invention for producing an
exhaust gas purifying catalyst (shown in (b) of Fig. 1) constituted by a layer (zeolite layer) having zeolite 2 supported
thereon and a layer (zirconium oxide layer) having a zirconium oxide 1 supported thereon that are provided as a single
layer in the substrate 3. In this case, the method in accordance with the aspect of the present invention for producing
the exhaust gas purifying catalyst includes: a mixed slurry preparing step; and a zeolite-zirconium oxide supporting step.
[0055] In the mixed slurry preparing step, a mixed slurry of zeolite and a zirconium oxide is prepared by adding the
zeolite and the zirconium oxide to a solvent. Examples of the solvent encompass ion-changed water, a solvent having
one or more alkoxy groups and one or more hydroxy groups, and a solvent and an acid each having two or more hydroxy
groups such as ethylene glycol.
[0056] In the mixed slurry preparing step, a catalyst metal and/or an inorganic binder may be further added to the
solvent. The timing and the amount to add each component to the solvent as well as the heating time and the stirring
time are the same as those in the zeolite slurry preparing step.
[0057] In the zeolite-zirconium oxide supporting step, the mixed slurry prepared in the mixed slurry preparing step is
impregnated in the substrate from its inside to its surface, and the substrate containing the mixed slurry is subjected to
drying. This causes the zeolite and the zirconium oxide to be supported on the substrate. The method for impregnating
the mixed slurry in the substrate from its inside to its surface and the drying temperature are the same as those in the
zeolite slurry supporting step. The calcination temperature is the same as that in the zirconium oxide supporting step.
[0058] The present invention is not limited to the embodiments, but can be altered by a skilled person in the art within
the scope of the claims. The present invention also encompasses, in its technical scope, any embodiment derived by
combining technical means disclosed in differing embodiments. Examples

[Example 1]

[0059] 0.7 g of bismuth nitrate (available from Kishida Chemical Co., Ltd.) was added to 5 g of ion-changed water. To
a resultant, 5 g of powdery FER zeolite (available from Zeolyst International) was further added. Consequently, a zeolite
slurry to which an inorganic binder was not added yet was prepared. The zeolite slurry to which the inorganic binder
was not added yet was stirred at 60°C for three hours, and was cooled to room temperature. Thereafter, 2.3 g of a
zirconia sol (available from Daiichi Kigenso Kagaku Kogyo Co., Ltd.) was added thereto as an inorganic binder, and a
resultant was stirred. Consequently, a zeolite slurry was prepared. 5.7 g of the zeolite slurry was applied to a cut piece
of glass fiber paper having a size of 7.5 cm 3 10 cm, and the cut piece of glass fiber paper was dried at 110°C for five
minutes. Consequently, the layer (zeolite layer) having the zeolite slurry supported thereon was formed in the glass fiber
paper. As a result, the glass fiber paper to which the zeolite slurry was applied was obtained.
[0060] Next, 2.5 g of a zirconium oxide (available from Daiichi Kigenso Kagaku Kogyo Co., Ltd.) was added to 5 g of
ion-changed water, and a resultant was stirred. Consequently, a zirconia slurry to which an inorganic binder was not
added yet was prepared. To the zirconia slurry to which the inorganic binder was not added yet, 1.2 g of a zirconia sol
was added as an inorganic binder. Then, a resultant was stirred. Consequently, a zirconium oxide slurry was prepared.
3.1 g of the zirconium oxide slurry was applied to the glass fiber paper to which the zeolite slurry was applied. The glass
fiber paper to which the zirconium oxide slurry was applied was dried at 110°C for an hour. Consequently, the glass
fiber paper having two sides respectively provided with layers (zirconium oxide layers) having the zirconium oxide slurry
supported thereon was prepared. Thereafter, the glass fiber paper was calcined at 500°C for three hours, so that a flat
catalyst (exhaust gas purifying catalyst) was obtained.

[Example 2]

[0061] A flat catalyst was obtained by the same procedures as in Example 1, except that the applied amounts of the
zeolite slurry and the zirconium oxide slurry were doubled and the ion-changed water was replaced with ethylene glycol.

[Example 3]

[0062] 0.8 g of bismuth nitrate was added to 8.4 g of an ethylene glycol, and 6 g of powdery FER zeolite was further
added thereto. Consequently, a mixed slurry to which an inorganic binder was not added yet was prepared. The mixed
slurry to which the inorganic binder was not added yet was stirred at 60°C for three hours, and was cooled to room
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temperature. Thereafter, 3 g of a zirconia sol was added thereto as an inorganic binder, and a resultant was stirred.
Consequently, a zeolite slurry was prepared.
[0063] Next, 3 g of a zirconium oxide (available from Daiichi Kigenso Kagaku Kogyo Co., Ltd.) was added to 6 g of
ethylene glycol, and a resultant was stirred. Consequently, a zirconia slurry to which an inorganic binder was not added
yet was prepared. To the zirconia slurry to which the inorganic binder was not added yet, 1.4 g of a zirconia sol was
added as an inorganic binder. Then, a resultant was stirred. Consequently, a zirconium oxide slurry was prepared. The
zirconium oxide slurry was added to the zeolite slurry, so that a mixed slurry was prepared.
[0064] The whole amount of the mixed slurry was applied to a cut piece of glass fiber paper having a size of 7.5 cm
3 10 cm, and the cut piece of glass fiber paper was dried at 110°C overnight. Thereafter, the cut piece of glass fiber
paper was calcined at 500°C for three hours. Consequently, a flat catalyst as that shown in (b) of Fig. 1 was obtained.

[Example 4]

[0065] A flat catalyst was obtained by the same procedures as in Example 1, except that the applied amount of the
zeolite slurry was increased by 1.3 times and the applied amount of the zirconium oxide slurry was increased by 1.5 times.

[Example 5]

[0066] A flat catalyst was obtained by the same procedures as in Example 1, except that the applied amount of the
zeolite slurry was increased by 1.3 times and the applied amount of the zirconium oxide slurry was increased by 3.0 times.

[Comparative Example 1]

[0067] 12 g of a zeolite slurry that was the same as that in Example 1 was applied to a cut piece of glass fiber paper
having a size of 7.5 cm 3 10 cm, and the cut piece of glass fiber paper was dried at 110°C overnight. Thereafter, the
cut piece of glass fiber paper was calcined at 500°C for three hours. Consequently, a flat catalyst as that shown in Fig.
2 was obtained.

(Evaluation of durability)

[0068] The capability test was conducted by exposing the flat catalysts obtained in Examples 1 to 5 and Comparative
Example 1 to the denitration capability test gas condition indicated in Table 2. For each flat catalyst, an initial denitration
rate was obtained by measuring, with an automatic NOx analyzer (available from Anatec Yanako Corporation), a NOx
concentration in an exhaust gas before and after setting of the flat catalyst. Note that the flow rate of the exhaust gas
was 0.06 Nm3/h.
[0069] Next, the capability test was conducted by exposing the flat catalysts obtained in Examples 1 to 5 and Com-
parative Example 1 to the durability test gas condition indicated in Table 1 for 25 hours and then exposing the flat
catalysts to the denitration capability test gas condition indicated in Table 2. For each flat catalyst, a denitration rate
after the durability test was obtained by measuring, with the automatic NOx analyzer, a NOx concentration in an exhaust
gas before and after setting of the flat catalyst. Note that the flow rate of the exhaust gas was 0.06 Nm3/h.
[0070] From the initial denitration rate and the denitration rate after the durability test, a denitration capability retention
rate was calculated according to the above-indicated formulae (1) to (3).

[Table 1]

Durability test gas condition

NO 1000 ppmvd

Air Balance

SO2 150 ppmvd

SO3 20 ppmvd

O2 14 vol%

Moisture 6 vol%

Methanol 1800 ppmvd

Temperature 250°C
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[0071] As is clear from the results indicated in Table 3, Examples 1 to 5 exhibited higher denitration capability retention
rates than Comparative Example 1.

Industrial Applicability

[0072] The present invention is applicable to purification of an exhaust gas containing a nitrogen oxide (NOx).

Reference Signs List

[0073]

1 Zirconium oxide
2 Zeolite
3 Substrate
10 Exhaust gas purifying catalyst

Claims

1. An exhaust gas purifying catalyst for promoting a decomposition reaction of a nitrogen oxide in an exhaust gas to
which at least one of a hydrocarbon and an alcohol is added, comprising:
a substrate having zeolite and a zirconium oxide supported thereon.

2. The exhaust gas purifying catalyst as set forth in claim 1, wherein a weight ratio of the zirconium oxide is 0.1 to 1.0,
relative to 1.0 of the zeolite.

3. The exhaust gas purifying catalyst as set forth in claim 1 or 2, wherein the substrate having at least the zeolite
supported thereon has a layer containing the zirconium oxide and not containing the zeolite.

[Table 2]

Denitration capability evaluation test gas condition

NO 1000 ppmvd

Air Balance

O2 14 vol%

Moisture 6 vol%

Methanol 1800 ppmvd

Temperature 250°C

[Table 3]

Durability test 
results

Initial denitration 
rate [%]

Denitration rate after 
durability test [%]

Denitration capability 
retention rate [-]

Weight ratio of ZrO2 
relative to 1 of zeolite

Example 1 74 59 0.66 0.44

Example 2 81 73 0.79 0.33

Example 3 73 71 0.95 0.33

Example 4 74 72 0.94 0.39

Example 5 73 72 0.94 0.95

C. Ex. 1*1 81 62 0.58 -

* 1: "C. Ex." stands for "Comparative Example".
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