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(57) An exhaust gas purification catalyst of the
present invention contains at least a precious metal coat-
ed with lanthanum-containing alumina. Therefore, it is
possible to provide: an exhaust gas purification catalyst
which can (i) have an increase in heat resistance, and
(ii) inhibit the precious metal from being mixed in alumina
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Description

Technical Field

[0001] The present invention relates to: a purification catalyst for purifying an exhaust gas emitted from an internal-
combustion engine; and a method for purifying an exhaust gas by using the purification catalyst. Specifically, the present
invention relates to: an exhaust gas purification catalyst that contains a precious metal coated with lanthanum-containing
alumina; and a method for purifying an exhaust gas by using the exhaust gas purification catalyst.

Background Art

[0002] There has been disclosed a heat-resistant catalyst in which palladium is supported, as an active constituent,
on a carrier which is mainly made from a composite oxide of aluminum and lanthanum. It has been reported that such
a catalyst exhibits high methane combustion reactivity even after the catalyst is baked at 1200°C for 3 hours (see Patent
Literature 1, for example).
[0003] Further, it has been disclosed that a carrier which is made from (i) a composite oxide of Al2O3 derived from
aluminum alkoxide, (ii) CeO2, and (iii) La2O3 has a high surface area stability, and a catalyst in which a precious metal
is supported on the carrier exhibits a high purification capability for a simulated automobile exhaust gas (see Patent
Literature 2, for example).
[0004] In addition, it has been disclosed that a catalyst suppresses growth of metal particles and growth of particles
of an oxygen occlusion/release material, the catalyst being such that (i) a carrier is made from a porous oxide derived
from aluminum alkoxide, (ii) the carrier and the oxygen occlusion/release material are mixed with each other at an atomic
level so as to form a composite oxide, and (iii) the metal is supported on the composite oxide (see Patent Literature 3,
for example).
[0005] Further, it has been described that (i) a Pt/SiO2 catalyst produced by a sol-gel method has Pt particles coated
with SiO2, and (ii) the catalyst can therefore inhibit sintering of the Pt particles (see Non-Patent Literature 1, for example).
In addition, it has been described, as to the Pt/SiO2 catalyst produced by the sol-gel method, that (i) there is high
interactivity between the Pt particles and the coating SiO2, and (ii) the Pt particles and the coating SiO2 therefore form
a compound such as a Pt-Si alloy or a Pt3Si (see Non-Patent Literature 2, for example).
[0006] Moreover, it has been disclosed that Pd is equally dispersed and heat deterioration can be suppressed in a
case where (i) a Pd solution is mixed with a solution in which aluminum alkoxide and hexylene glycol are mixed with
each other, and (ii) hydrolysis of alkoxide is then carried out (see Patent Literature 4, for example).
[0007] Further, it has been known that rhodium is mixed in alumina and forms a solid solution in combination with
alumina, when the catalyst in which rhodium is supported on alumina is subjected to a high-temperature process. In this
regard, there has been disclosed a method for recovering rhodium, in which an element is added to alumina so as to
inhibit rhodium from being mixed in alumina (i.e. inhibit rhodium from forming the solid solution in combination with
alumina), the element being selected from the group consisting of lanthanum, calcium, lead, and sodium (see Patent
Literature 5, for example).

Citation List

Patent Literature

[0008]

Patent Literature 1
Japanese Patent Application Publication, Tokukaisho, No. 60-12132 A (Publication Date: January 22, 1985)
Patent Literature 2
Japanese Patent Application Publication, Tokukaihei, No. 01-230425 A (Publication Date: September 13, 1989)
Patent Literature 3
Japanese Patent Application Publication, Tokukaihei, No. 11-347410 A (Publication Date: December 21, 1999)
Patent Literature 4
Japanese Patent Application Publication, Tokukaihei, No. 07-194977 A (Publication Date: August 1, 1995)
Patent Literature 5
Japanese Patent Application Publication, Tokukaisho, No. 58-199832 A (Publication Date: November 21, 1983)
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Non-Patent Literature

[0009]

Non-Patent Literature 1
Catalysis Today, 15 (1992), 547-554
Non-Patent Literature 2
Catalysis Letters, 43 (1997), 195-199

Summary of Invention

Technical Problem

[0010] Each of the catalysts disclosed in Patent Literatures 1 and 2 has an improved heat resistance of alumina which
serves as a carrier for supporting a precious metal, and therefore has an advantage of inhibiting, to a certain degree,
the sintering of the metal particles. However, such a catalyst contains a large part of precious metal particles on a surface
of a carrier substrate which is improved in heat resistance (see (c) of Fig. 1). This gives rise to a problem that the sintering
of the precious metal particles is likely to occur, in a case where the catalyst is used at a high temperature, or is subjected
to a high-temperature durability process for a long time (see (c) of Fig. 2). Such sintering reduces a purification capability
of the catalyst.
[0011] The catalyst disclosed in Patent Literature 3 also contains a large part of the precious metal particles on the
surface of the carrier substrate. That is, there are few physical barriers for inhibiting the sintering of the precious metal
particles. This gives rise to a problem that the sintering of the precious metal particles is likely to occur in a case where
the catalyst is used at a high temperature, or is subjected to a high-temperature durability process for a long time. Such
sintering reduces a purification capability of the catalyst.
[0012] On the other hand, the Pt particles described in Non-Patent Literature 1 are coated with SiO2 by the sol-gel
method so that the sintering is inhibited. However, high interactivity between the precious metal and the coating material,
caused by the aforementioned coating state, gives the catalyst a property different from the property of the catalyst (i)
which is obtained by an impregnation method and (ii) in which the large part of the precious metal is supported on the
surface of the existing carrier. Therefore, the structure described in Non-Patent Literature 1 is poor in catalyst capability.
In other words, the structure in which only the precious metal is coated is poor in catalyst capability for an exhaust gas
which has a fluctuation in air-fuel ratio.
[0013] Further, the catalyst in which the precious metal, serving as a catalyst active constituent, is coated with an
inorganic oxide or the like has such a problem that the exhaust gas is not likely to reach the precious metal, as compared
with a catalyst in which the precious metal is not coated with an inorganic oxide or the like.
[0014] On the other hand, Patent Literature 4 discloses a catalyst in which the Pd particles are coated with alumina.
The catalyst can suppress heat deterioration even in a case where Al2O3 derived from aluminum alkoxide is used as
the coating material.
[0015] However, in a case where a precious metal other than Pd, such as rhodium, is coated with alumina, an interface
between the precious metal particles and alumina particles becomes larger, as compared with the ones of the catalysts
disclosed in Patent Literature 1 and 2. This gives rise to such a problem that the precious metal particles are likely to
be mixed in alumina and forms a solid solution in combination with alumina (see (b) of Fig. 2). That is, in a case where
the precious metal is mixed in alumina and forms the solid solution in combination with alumina, the precious metal
cannot efficiently work as a catalyst.
[0016] Patent Literature 5 discloses a technique for recovering rhodium by inhibiting rhodium from being mixed in
alumina and therefore inhibiting rhodium from forming a solid solution in combination with alumina. The technique,
however, does not provide the structure in which rhodium is coated with alumina. On this account, the technique cannot
be expected to improve the heat resistance of the purification catalyst for the exhaust gas emitted from the internal-
combustion engine.
[0017] The present invention is made in view of the problems. An object of the present invention is to provide: an
exhaust gas purification catalyst which (i) has an improvement in heat resistance by coating a precious metal with
alumina, and (ii) inhibits the precious metal from being mixed in alumina and therefore inhibits the precious metal from
forming a solid solution in combination with alumina; a method for producing the catalyst; and a method for efficiently
purifying an exhaust gas emitted from an internal-combustion engine by using the catalyst.

Solution to Problem

[0018] The inventors of the present invention have found that a catalyst in which a precious metal (such as rhodium)
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is coated with lanthanum-containing alumina can (i) have an increase in heat resistance of the catalyst and (ii) inhibit
the precious metal from being mixed in alumina and therefore inhibit the precious metal from forming a solid solution in
combination with alumina.
[0019] The inventors of the present invention have further found that in a case where the precious metal is coated
with a coating material, it becomes possible to inhibit sintering of the precious metal particles during a high-temperature
durability process. Note, however, that the inventors of the present invention have considered that a fluctuation in air-
fuel ratio in the vicinity of the precious metal cannot be sufficiently eased due to the above coating state, which precious
metal serves as an active constituent of the catalyst. In this regard, the inventors of the present invention have found
that in a case where a complex made of a precious metal and a cerium oxide (hereinafter, referred to as "precious metal-
cerium oxide complex", in some cases) is coated with lanthanum-containing alumina, (i) the sintering can be suppressed,
and (ii) an exhaust gas purification catalyst having a superior catalyst capability can be obtained.
[0020] The inventors of the present invention have further found that in a case where (i) the complex made of the
precious metal and the cerium oxide is coated with lanthanum-containing alumina, (ii) a pore diameter of the catalyst is
set to be within a predetermined range, and (iii) a pore volume of the catalyst is set to be within a predetermined range,
it becomes possible to obtain an exhaust gas purification catalyst which exhibits a further superior catalyst capability,
after the catalyst is exposed to an atmosphere having a high temperature. On the basis of the findings, the inventors of
the present invention have realized the present invention.
[0021] That is, an exhaust gas purification catalyst of the present invention contains at least a precious metal coated
with lanthanum-containing alumina.
[0022] In a case where the precious metal is coated with alumina, it becomes possible to (i) increase a heat resistance
of the catalyst and (ii) inhibit heat deterioration of the catalyst. However, with the structure in which the precious metal
is merely coated with alumina, it is impossible to (i) inhibit the precious metal from being mixed in alumina and (ii) inhibit
the precious metal from forming a solid solution in combination with alumina. The formation of the solid solution reduces
the catalyst capability. In this regard, according to the structure described above, the precious metal is coated with
lanthanum-containing alumina, so that it becomes possible to inhibit the precious metal from being mixed in alumina
and inhibit the precious metal from forming the solid solution in combination with alumina (later described in Examples,
in detail). It is thus possible to efficiently purify an exhaust gas emitted from an internal-combustion engine, even after
the catalyst is subjected to a high-temperature durability process.
[0023] The exhaust gas purification catalyst of the present invention preferably keeps containing the precious metal
coated with lanthanum-containing alumina even after the exhaust gas purification catalyst is exposed to an oxygen-
excess gas having a temperature in a range of 950°C to 1000°C.
[0024] According to the structure, the exhaust gas purification catalyst still keeps containing the precious metal coated
with lanthanum-containing alumina, even after it is exposed to the oxygen-excess atmosphere having a high temperature
in a range of 950°C to 1000°C (hereinafter, also called "high-temperature durability process"). That is, it is believed that
the precious metal is highly inhibited from being mixed in alumina and from forming a solid solution in combination with
alumina. Accordingly, it is possible to stably purify an exhaust gas even after the catalyst is subjected to a high-temperature
durability process.
[0025] In the exhaust gas purification catalyst of the present invention, an exposed surface area of the precious metal
is preferably reduced or unchanged in a case where the exhaust gas purification catalyst is exposed to the foregoing gas.
[0026] Note that the exposed surface area of the precious metal (exposed precious metal surface area) is a value
obtained by use of a formula of "the number of CO molecules adsorbed to 1 g of the catalyst" � "(lattice constant of the
precious metal)2". The "number of CO molecules" can be found by a CO pulse method (Catalyst, 1986, vol. 28, No. 1).
For example, a lattice constant of rhodium is 3.8030.
[0027] It is believed that there is the precious metal that (i) has been mixed in alumina and (ii) has formed a solid
solution in combination with alumina, in a case where the following conditions are satisfied: (1) the exposed surface
area of the precious metal is increased through the high-temperature durability process; and (2) an atom ratio of the
precious metal that has been mixed in alumina (the precious metal that has formed the solid solution in combination
with alumina) has a positive value (later described in detail). In other words, it is believed that the formation of the solid
solution of the precious metal and alumina is inhibited in a case where the exposed surface area of the precious metal
is reduced or unchanged through the high-temperature durability process.
[0028] Therefore, the catalyst having the foregoing structure can cause the precious metal to sufficiently exhibit its
catalyst ability. Accordingly, it is possible to efficiently purify an exhaust gas even after the catalyst is subjected to the
high-temperature durability process.
[0029] In the exhaust gas purification catalyst of the present invention, 20% or less of the precious metal in atomic
ratio is preferably mixed into alumina to form a solid solution of alumina and the precious metal after the exhaust gas
purification catalyst is exposed to said gas.
[0030] The "ratio of atoms of the precious metal" is a parameter obtained by an X-ray photoelectron spectroscopy
(XPS) method. In a case where, for example, the precious metal is rhodium, the "ratio of atoms of the precious metal
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that has been mixed in alumina and therefore has formed a solid solution in combination with alumina" is a percentage
obtained by dividing an area of a peak of the rhodium that has formed the solid solution in combination with alumina by
a total area of peaks of nonvalent rhodium, trivalent rhodium, and the rhodium that has formed the solid solution in
combination with alumina. The lower the ratio of atoms of the precious metal that has formed the solid solution in
combination with alumina is, the more successfully the formation of the solid solution of rhodium and alumina is inhibited.
[0031] According to the structure, the formation of the solid solution of the precious metal and alumina is significantly
inhibited. Therefore, it is possible to cause the precious metal to effectively function as a catalyst. Accordingly, it is
possible to efficiently purify an exhaust gas emitted from an internal-combustion engine even after the catalyst is subjected
to the high-temperature durability process.
[0032] The exhaust gas purification catalyst of the present invention preferably further contains platinum and/or pal-
ladium. These precious metals have a catalytic property. Therefore, by additionally using such precious metals, it becomes
possible to cause the exhaust gas purification catalyst to have a higher exhaust gas purification ability.
[0033] In the exhaust gas purification catalyst of the present invention, a complex made of a precious metal and a
cerium oxide is preferably coated with lanthanum-containing alumina.
[0034] According to the structure, the complex made of the precious metal and the cerium oxide is coated with lan-
thanum-containing alumina. Therefore, it becomes possible to not only (i) increase the heat resistance and (ii) inhibit
the sintering of the precious metal but also (iii) increase an oxygen absorption. The higher oxygen absorption allows the
catalyst to have a higher catalyst capability.
[0035] Accordingly, it is possible to efficiently purify an exhaust gas emitted from an internal-combustion engine even
after the catalyst is subjected to the high-temperature durability process. That is, it becomes possible to provide: an
exhaust gas purification catalyst which can achieve both (i) an increase in heat resistance, which is realized by coating
the precious metal with alumina, and (ii) inhibition of a reduction in ability to ease a fluctuation in air-fuel ratio, and also
has a high oxygen occlusion/release ability while the precious metal is coated with alumina; and a method for efficiently
purifying an exhaust gas emitted from an internal-combustion engine by using the exhaust gas purification catalyst.
[0036] It is possible to increase the heat resistance of the catalyst and inhibit the heat deterioration of the catalyst, by
coating the precious metal with alumina. Note, however, that in a case where only the precious metal is coated with
alumina, there may be a case where the catalyst does not effectively work. This is because the precious metal, which
serves as a catalyst active constituent, and the cerium oxide, which serves as an oxygen occlusion material, are located
away from each other, even if the cerium oxide is added to a position other than the coating layer of alumina.
[0037] In the exhaust gas purification catalyst of the present invention, a compound made of the precious metal and
cerium is preferably formed at an interface between the precious metal and the cerium oxide in the complex.
[0038] The compound formed at an interface between the precious metal and the cerium oxide can function as an
index for indicating that the precious metal and the cerium oxide are in contact with each other, and therefore forms a
complex. Accordingly, it is believed that the catalyst in which the compound is formed at the interface between the
precious metal and the cerium oxide has a high oxygen absorption and a high catalyst capability.
[0039] In the exhaust gas purification catalyst of the present invention, an amount of the cerium oxide contained in
the complex is preferably greater than an amount of the compound contained in the complex.
[0040] As described above, the compound formed at the interface between the precious metal and the cerium oxide
can function as the index indicating that the precious metal and the cerium oxide are in contact with each other, and
therefore form the complex. However, the compound thus formed no longer functions as the oxygen occlusion/release
material. Therefore, in a case where the amount of the cerium oxide contained in the complex is greater than the amount
of the compound contained in the complex, it is possible to cause the catalyst to have a high oxygen absorption and a
high catalyst capability.
[0041] In the exhaust gas purification catalyst of the present invention, the amount of the cerium oxide contained in
the complex is preferably in a range of 1% by mass to 30% by mass with respect to a total amount of the precious metal,
the cerium oxide, lanthanum, and alumina, each of which is contained in the exhaust gas purification catalyst.
[0042] According to the structure, a fluctuation in air-fuel ratio in the vicinity of the precious metal is suitably eased,
which precious metal serves as the catalyst active constituent.
[0043] In the exhaust gas purification catalyst of the present invention, the exhaust gas purification catalyst preferably
keeps containing the complex coated with lanthanum-containing alumina, even after the exhaust gas purification catalyst
is exposed to an exhaust gas having a temperature in a range of 950°C to 1000°C (hereinafter, referred to as "after the
high-temperature durability process", in some cases, in the present specification), the exhaust gas being emitted from
an internal-combustion engine.
[0044] According to the structure, the exhaust gas purification catalyst keeps containing the complex that is coated
with lanthanum-containing alumina, even after the catalyst is subjected to the high-temperature durability process.
Therefore, oxygen can be occluded/released in the coating layer, even after the catalyst is subjected to the high-tem-
perature durability process. Accordingly, it is possible to stably purify an exhaust gas even after the catalyst is subjected
to the high-temperature durability process.
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[0045] In the exhaust gas purification catalyst of the present invention, in a case where the exhaust gas purification
catalyst is exposed to the foregoing gas, an exposed surface area of the precious metal is preferably reduced by a
percentage in a range of 0% to 87% with respect to an exposed surface area of the precious metal before the exposure
of the exhaust gas purification catalyst.
[0046] In a case where the reduction rate of the exposed surface area of the precious metal is within the foregoing
range, it is believed that heat contraction of alumina and the sintering of the precious metal are highly inhibited, even
after the catalyst is subjected to the high-temperature durability process. Therefore, it is possible to purify an exhaust
gas emitted from the internal-combustion engine more efficiently, even after the catalyst is subjected to the high-tem-
perature durability process.
[0047] In the exhaust gas purification catalyst of the present invention, an oxygen absorption of the exhaust gas
purification catalyst preferably is within a range of 30% to 100%.
[0048] In a case where the oxygen absorption is within the foregoing range, it is believed that the catalyst has a high
oxygen occlusion/release ability. Therefore, it is possible to purify an exhaust gas emitted from the internal-combustion
engine more efficiently, even after the catalyst is subjected to the high-temperature durability process.
[0049] The exhaust gas purification catalyst of the present invention preferably further contains platinum and/or pal-
ladium, neither of which is coated with lanthanum-containing alumina.
[0050] These precious metals have a catalytic property. Therefore, by additionally using such precious metals in
addition to rhodium, it becomes possible to cause the exhaust gas purification catalyst of the present invention to have
a further higher exhaust gas purification ability.
[0051] In the exhaust gas purification catalyst of the present invention, a pore volume of pores of not less than 160
nm but less than 1000 nm in diameter preferably accounts for 5% to 20% in a total pore volume of the exhaust gas
purification catalyst.
[0052] According to the structure, the pore size distribution of the exhaust gas purification catalyst is within the foregoing
range. Therefore, it is possible to (i) prevent a reduction in catalyst capability due to the durability process, and (ii) allow
an exhaust gas to efficiently reach the precious metal. It is thus possible to efficiently purify the exhaust gas even after
the catalyst is subjected to the high-temperature durability process.
[0053] Accordingly, it is possible to provide an exhaust gas purification catalyst having a superior catalyst capability
even after the catalyst is subjected to the high-temperature durability process.
[0054] In the exhaust gas purification catalyst of the present invention, a pore volume of pores of less than 160 nm in
diameter preferably accounts for 70% to 90% in the total pore volume of the exhaust gas purification catalyst.
[0055] According to the structure, it is possible to efficiently purify an exhaust gas while the precious metal is coated
with lanthanum-containing alumina or both the precious metal and the cerium oxide are coated with lanthanum-containing
alumina.
[0056] The exhaust gas purification catalyst of the present invention is preferably supported on a three-dimensional
structure.
[0057] According to the structure, the exhaust gas purification catalyst can be efficiently supported in a case where
the three-dimensional structure having a large surface area is employed. Therefore, it is possible to increase exhaust
gas purification efficiency of the exhaust gas purification catalyst.
[0058] The exhaust gas purification catalyst of the present invention preferably further contains a fire-resistant inorganic
oxide.
[0059] According to the structure, the complex is dispersed due to the fire-resistant inorganic oxide. Therefore, it is
possible to cause an exhaust gas to be in contact with the exhaust gas purification catalyst more efficiently. Accordingly,
it is possible to additionally achieve such an effect that an exhaust gas can be purified more efficiently under a high-
temperature condition.
[0060] In the exhaust gas purification catalyst of the present invention, a melting point of the fire-resistant inorganic
oxide is preferably not less than 1000°C.
[0061] The exhaust gas purification catalyst of the present invention preferably further contains a cerium oxide and/or
a ceria-zirconia composite oxide, neither of which is coated with lanthanum-containing alumina.
[0062] Each of the cerium oxide and the ceria-zirconia composite oxide can function as (i) the oxygen occlusion/
release material and (ii) a promoter. Therefore, each of these has a function of increasing the heat resistance of the
exhaust gas purification catalyst and a function of inducing oxidation-reduction reaction which is caused by active species
of the exhaust gas purification catalyst. Accordingly, it becomes possible to purifying an exhaust gas under a high-
temperature condition more efficiently.
[0063] In the exhaust gas purification catalyst of the present invention, the precious metal coated with lanthanum-
containing alumina is preferably rhodium. Rhodium has a high three-way catalyst capability. Therefore, by selecting
rhodium as the precious metal, it becomes possible to purify an exhaust gas more efficiently.
[0064] A method of the present invention, for purifying an exhaust gas, includes the step of exposing an exhaust gas
purification catalyst of the present invention to an exhaust gas emitted from an internal-combustion engine.
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[0065] As described above, the exhaust gas purification catalyst of the present invention has a heat resistance, and
an effect of inhibiting the precious metal from forming a solid solution. According to the method, it is thus possible to (i)
carry out an exhaust gas purification process by sufficiently taking advantage of catalyst activity of the precious metal,
and (ii) purify an exhaust gas under a high-temperature condition highly efficiently. Accordingly, it is possible to efficiently
purify the exhaust gas emitted from the internal-combustion engine.
[0066] A method of the present invention, for purifying an exhaust gas, preferably includes the steps of: (i) exposing
the exhaust gas purification catalyst to another exhaust gas which has (1) a temperature in a range of 800°C to 1000°C
and (2) an air-fuel ratio in a range of 10 to 18.6; and (ii) exposing, after the step (i), the exhaust gas purification catalyst
to the exhaust gas which (I) has a temperature in a range of 0°C to 750°C, and (II) is emitted from the internal-combustion
engine.
[0067] The air-fuel ratio is an approximate value of a theoretical air-fuel ratio for a gasoline engine. Therefore, according
to the method, it is possible to, as a matter of course, purify an exhaust gas emitted from the internal-combustion engine
while an automobile or the like, employing the internal-combustion engine, is driven normally. Further, according to the
method, even if an exhaust gas having a high temperature in a range of 800°C to 1000°C flows into the exhaust gas
purification catalyst while (i) the automobile is being driven or (ii) the exhaust gas purification catalyst is being subjected
to a durability test, it is possible to (1) inhibit the sintering of the precious metal and (2) causing the exhaust gas purification
catalyst to exhibit its oxygen occlusion/release ability in the vicinity of the precious metal. This eases the fluctuation in
air-fuel ratio. Note that the air-fuel ratio is an approximate value of the theoretical air-fuel ratio for the gasoline engine.
Therefore, according to the method, it is possible to efficiently purify an exhaust gas, particularly, the exhaust gas emitted
from the gasoline engine.
[0068] In order to attain the object, a method of the present invention, for producing an exhaust gas purification catalyst
of the present invention, includes the step of producing a gel in which a complex made of a precious metal and a cerium
oxide is coated with a lanthanum-containing alumina gel.
[0069] According to the method, in a case where, for example, a catalyst composition is supported on a three-dimen-
sional structure, it is unnecessary to carry out a baking step before coating the three-dimensional structure with the
catalyst composite by washcoating. That is, for the production of the exhaust gas purification catalyst, it is necessary to
carry out the baking step only after the three-dimensional structure is coated with the catalyst composite by the wash-
coating. The number of times that the baking is carried out can be thus reduced, so that a time period for producing the
exhaust gas purification catalyst can be reduced. Therefore, it becomes possible to produce, at lower cost and with
higher production efficiency, an exhaust gas purification catalyst that has a superior catalyst capability even after the
catalyst is subjected to an atmosphere having a high temperature.
[0070] Note that although Patent Literatures (Japanese Patent Application Publication, Tokukaisho, No. 61-4532,
Japanese Patent Publication No. 2642657) describe a method in which a catalyst is prepared with the alumina sol, such
a method requires drying and baking a sol or gel at least twice. That is, the method has a problem that (i) cost for
preparing the catalyst (such as cost for the drying and the baking) becomes higher and (ii) a time period for preparing
the catalyst becomes longer.
[0071] The method of the present invention, for producing an exhaust gas purification catalyst, preferably further
includes the steps of: turning, into a slurry, the gel in which the complex made of the precious metal and the cerium
oxide is coated with the lanthanum-containing alumina gel; coating a three-dimensional structure with the slurry by
washcoating; and drying and baking the three-dimensional structure which is coated with the slurry by the washcoating.
[0072] According to the method, it becomes unnecessary to carry out a step for turning the gel into powder by carrying
out the drying and baking step. Therefore, it becomes possible to reduce the time period and cost for the production of
the exhaust gas purification catalyst. Accordingly, it is possible to produce, at lower cost and with higher production
efficiency, an exhaust gas purification catalyst which has a superior catalyst capability even after the exhaust gas
purification catalyst is subjected to a high-temperature atmosphere.
[0073] Note that it has been general that a structure in which a precious metal is coated with an inorganic oxide is
produced through a step for turning, into powder, a gel or the like in which the precious metal is coated, the foregoing
step including the drying and baking step. The reason why the general production method includes the step for turning
the gel into the powder may be explained by the following three points: (1) There has not been proposed such an idea
that the three-dimensional structure can be coated with, by the washcoating, the gel itself in which the precious metal
is coated, after the gel is turned into a slurry. (2) There has not been proposed such an idea that the gel can maintain
the structure in which the precious metal is coated because the gel is turned into sol due to stress. (3) It has been difficult
to coat the three-dimensional structure with only the gel by the washcoating because of a high viscosity of the gel.

Advantageous Effects of Invention

[0074] An exhaust gas purification catalyst of the present invention contains at least a precious metal coated with
lanthanum-containing alumina.
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[0075] Therefore, it is possible to, by use of the catalyst, efficiently purify an exhaust gas emitted from an internal-
combustion engine even after the catalyst is subjected to a high-temperature durability process.
[0076] Further, a method of the present invention, for purifying an exhaust gas, includes the step of exposing an
exhaust gas purification catalyst of the present invention to an exhaust gas emitted from an internal-combustion engine.
[0077] Therefore, it is possible to carry out an exhaust gas purification process by efficiently taking advantage of
catalyst activity of the precious metal, and efficiently purify the exhaust gas emitted from the internal-combustion engine.
[0078] Further, a method of the present invention, for producing an exhaust gas purification catalyst, includes the step
of producing a gel in which a complex made of the precious metal and a cerium oxide is coated with a lanthanum-
containing alumina gel.
[0079] Therefore, it is possible to produce, at lower cost and with higher production efficiency, an exhaust gas purifi-
cation catalyst which has a superior catalyst capability even after the exhaust gas purification catalyst is subjected to
an atmosphere having a high temperature.

Brief Description of Drawings

[0080]

Fig. 1
Fig. 1 is a plan view schematically illustrating catalysts each of which has not been subjected to a durability process.
Fig. 2
Fig. 2 is a plan view schematically illustrating catalysts each of which has been subjected to the durability process.
Fig. 3
Fig. 3 is a plan view schematically illustrating a state of an exhaust gas purification catalyst in accordance with an
embodiment of the present invention: (a) of Fig. 3 illustrates a state of the exhaust gas purification catalyst which
has not been subjected to a high-temperature durability process; and (b) of Fig. 3 illustrates a state of an interface
between a precious metal and a cerium oxide.
Fig. 4
Fig. 4 is a plan view schematically illustrating a catalyst in which (i) the precious metal is coated with lanthanum-
containing alumina, and (ii) the cerium oxide is supported but not adjacent to the precious metal.
Fig. 5
Fig. 5 is a plan view schematically illustrating how a precious metal and alumina are supported in a conventional
exhaust gas purification catalyst which is produced by an impregnation method.
Fig. 6
Fig. 6 is a plan view schematically illustrating each pore size distribution in which lanthanum-containing alumina is
supported while being adjacent to the cerium oxide and the precious metal.
Fig. 7
Fig. 7 is a view showing a result of measurement of an exposed surface area of rhodium, which measurement was
carried out for each of powders A, B, and C.
Fig. 8
Fig. 8 is a view showing a result of measurement of the exposed surface area of rhodium, which measurement was
carried out for each of the powders A, B, and C after each of the powders A, B, and C was subjected to a durability
process at 950°C for 50 hours under the presence of an atmosphere.
Fig. 9
Fig. 9 is a view showing a reduction rate of the exposed surface area of rhodium, which reduction rate was calculated
by comparing the exposed surface area of rhodium, measured before the catalyst is subjected to the durability
process at 950°C for 50 hours under the presence of an atmosphere, with the exposed surface area of rhodium,
measured after the catalyst is subjected to the durability process.
Fig. 10
Fig. 10 is a view showing a reduction rate of a BET surface area, which reduction rate was calculated by comparing
the BET surface area of the exhaust gas purification catalyst, measured before the catalyst is subjected to the
durability process at 950°C for 50 hours under the presence of an atmosphere, with that of the exhaust gas purification
catalyst, measured after the catalyst is subjected to the durability process.
Fig. 11
Fig. 11 is a view showing how a driving speed of a vehicle changes while the vehicle is driven in an LA-4 mode.
Fig. 12
Fig. 12 is a view showing how a temperature changes at a catalyst entry part while the vehicle is being driven in the
LA-4 mode.
Fig. 13
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Fig. 13 is a view showing a mass (Bag emission) of each gas exhausted per mile (travel distance).
Fig. 14
Fig. 14 is a graph showing 50% purification temperatures (T50) in temperature increase evaluation for exhaust gas
purification catalysts produced in Examples.
Fig. 15
Fig. 15 is a graph showing oxygen absorptions of the exhaust gas purification catalysts produced in Examples.
Fig. 16
Fig. 16 is a view showing a TEM photograph of an exhaust gas purification catalyst produced in Example 7.
Fig. 17
Fig. 17 is a view showing a TEM photograph of an exhaust gas purification catalyst produced in Reference Example 3.

Description of Embodiments

[0081] One embodiment of the present invention is described below in detail. Note, however, that the present invention
is not limited to the embodiment.
[0082] All of Non-Patent Literatures and Patent Literatures described in the present specification are incorporated
herein by reference. Further, each of various physical properties described in the present specification is a value measured
by a corresponding method described in the following Examples, unless otherwise noted.
[0083] In the present specification, the expression "...to..." means "not less than ...but not more than ...". For example,
in the present specification, "0.5% by mass to 30% by mass" means "not less than 0.5% by mass but not more than
30% by mass". Further, in the present specification, the wording "and/or" means "both of or one of". Furthermore, in the
present specification, the term "sintering" means such a state that particles gather together into larger blocks as being
exposed to an atmosphere having a high temperature.

(I) Exhaust gas purification catalyst

(i) Structure of exhaust gas purification catalyst

<Catalyst containing precious metal coated with lanthanum-containing alumina>

[0084] An exhaust gas purification catalyst of the present invention contains at least a precious metal coated with
lanthanum-containing alumina.
[0085] Here, the wording "at least" means that the exhaust gas purification catalyst of the present invention can contain
a component(s) other than the precious metal coated with lanthanum-containing alumina. For example, the exhaust gas
purification catalyst of the present invention can further contain, if necessary: platinum and/or palladium; a fire-resistant
inorganic oxide; a cerium oxide and/or a ceria-zirconia composite oxide; and other materials (later described in detail).
[0086] Here, the description "precious metal coated with lanthanum-containing alumina" means that lanthanum-con-
taining alumina is supported while being adjacent to the precious metal particles, and the description "supported while
being adjacent to the precious metal particles" means that alumina particles and the precious metal particles are partially
in contact with each other so that a molecule (such as carbon monoxide (CO)) cannot be adsorbed to a monodisperse
precious metal particle at an interface between the alumina particles and the precious metal particles, the molecule
normally being able to be adsorbed to the monodisperse precious metal particle.
[0087] It is preferable that the precious metal is rhodium. The following description deals with an example in which
rhodium is used as the precious metal, with reference to Figs. 1 and 2. Note, however, that the present invention is not
limited to this, and rhodium may be replaced with another precious metal (later described).
[0088] Fig. 1 is a plan view schematically illustrating catalysts each of which has not been subjected to a durability
process. Note that each of Figs. 1 through 6 attached to the present specification is a view schematically illustrating a
positional relationship between components of a catalyst, and does not show an actual distance, an actual shape, nor
an actual particle diameter.
[0089] In Fig. 1, "1" indicates lanthanum, "2" indicates alumina, and "3" indicates rhodium. In each of (a) through (c)
of Fig. 1, only a single piece of alumina is pointed with the sign "2" but any pieces having a white irregular shape in (a)
and (b) of Fig. 1, and any pieces having a substantial rectangular shape in (c) of Fig. 1 indicate alumina. Further, in each
of (a) and (c) of Fig. 1, only a single piece of lanthanum is pointed with the sign "1" but any gray spheres in alumina in
(a) and (c) of Fig. 1 indicate lanthanum. Furthermore, in each of (a) through (c) of Fig. 1, only a single piece of rhodium
is pointed with the sign "3" but any pieces painted in black in (a) through (c) of Fig. 1 indicate rhodium. This applies to
signs other than the signs 1 through 3. Further, this applies to Figs. 2 through 6.

(a) of Fig. 1 is a plan view schematically illustrating a state where lanthanum-containing alumina is supported while
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being adjacent to rhodium particles.

[0090] In a case where a particle diameter of rhodium coated with lanthanum-containing alumina (like the one illustrated
in (a) of Fig. 1) is measured by a CO pulse adsorption method (Reference Document: Catalyst, 1986, vol. 28. No. 1),
the diameter thus measured becomes larger than an actual rhodium particle diameter. This is because CO cannot be
adsorbed to the interface between alumina and rhodium, as described above.
[0091] In the present specification, the wording "durability process" or "high-temperature durability process" means
such that the catalyst is exposed to an atmosphere at a temperature in a range of 800°C to 1000°C, more specifically,
exposed to an oxygen-excess atmosphere at a temperature in a range of 950°C to 1000°C.

(b) of Fig. 1 is a plan view schematically illustrating a state where rhodium is coated with alumina containing no
lanthanum.
(b) of Fig. 1 illustrates a structure in which the rhodium particles and the alumina particles are partially in contact
with each other in a manner similar to the structure in which rhodium is coated with lanthanum-containing alumina.
In this case, the particle diameter of rhodium, calculated by the CO pulse adsorption method, becomes larger than
the actual rhodium particle diameter. This is because CO cannot be adsorbed to the interface between the rhodium
particles and the alumina particles, in a manner similar to the structure in which rhodium is coated with lanthanum-
containing alumina.

[0092] Meanwhile, according to a method such as an impregnation method in which an existent carrier is immersed
in a precious metal solution so as to support the precious metal, a large part of the rhodium particles is supported on a
surface of the carrier. (c) of Fig. 1 is a plan view schematically illustrating how rhodium is supported in a catalyst which
is prepared by the impregnation method.
[0093] In the state illustrated in (c) of Fig. 1, the rhodium particle diameter calculated by the CO pulse adsorption
method is substantially identical with the actual rhodium particle diameter.
[0094] As described above, the rhodium particles coated with alumina have a larger interface between the rhodium
particles and the alumina particles than that of the structure obtained by the impregnation method or the like, regardless
of whether or not alumina for coating rhodium contains lanthanum.
[0095] It has been generally known that in a case where the catalyst is subjected to the durability process at a
temperature higher than 1000°C under the presence of an oxygen-excess atmosphere, rhodium is mixed in alumina
and forms a solid solution in combination with alumina, even with the structure in which rhodium is supported on alumina
as illustrated in (c) of Fig. 1 (i.e. even in the case where the interface between the rhodium particles and the alumina
particles is small). On the other hand, rhodium is not likely to (i) be mixed in alumina and (ii) form the solid solution in
combination with alumina, in a case where the durability process is carried out at a low temperature. In view of such
characteristics, the following Examples employ, as their thresholds, the conditions of (i) the durability process at 950°C
for 50 hours under the presence of the oxygen-excess atmosphere, and (ii) the durability process at 1000°C for 48 hours
under the presence of the oxygen-excess atmosphere.
[0096] Here, in the present specification, either the wording "under the presence of the oxygen-excess atmosphere"
or the wording "oxygen-excess" means either (i) a case where a total concentration of an oxidized gas is higher than
that of a reducing gas or (ii) a case where an air-fuel ratio of the exhaust gas is greater than 14.65. Examples of the
oxidized gas encompass O2 and NOX, whereas examples of the reducing gas encompass HC and CO.
[0097] The following description explains the reason why the thresholds are set to be 950°C and 1000°C. A catalyst
bed has its highest temperature while a vehicle is driven at a high speed or the catalyst is subjected to a durability test.
The highest temperature is approximately 1000°C. Although there are cases where the catalyst bed temperature becomes
higher than 1000°C due to: an excessive supply of a fuel caused by an error in control of an engine or the like; abnormal
combustion of soot attached to the catalyst or the fuel; or another failure, it is not necessary to take into consideration,
for a normal driving condition, such unusual cases. Further, the precious metal such as rhodium is not likely to (i) be
mixed in alumina and (ii) form a solid solution in combination with alumina, in a case where the durability process is
carried out at a temperature lower than 950°C. For this reason, in order to identify the precious metal mixed in alumina,
the present embodiment does not employ a temperature lower than 950°C for the durability process.
[0098] Although how long the catalyst is subjected to the durability process is not particularly limited, it is preferable
to cause the catalyst to be subjected to the durability process for 5 hours to 100 hours, more preferably 10 hours to 50
hours. This is because: the durability process carried out for less than 5 hours is not enough to confirm resistance of
rhodium to be mixed in alumina (resistance of rhodium to the formation of the solid solution in combination with alumina)
or resistance of the precious metal to the sintering; whereas the durability process carried out for more than 100 hours
provides only a small change in the condition of the catalyst as compared with the durability process carried out for not
more than 100 hours, and such a small change does not match a disadvantage of an increase in cost.
[0099] The exhaust gas purification catalyst of the present embodiment keeps containing rhodium coated with lan-
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thanum-containing alumina even after the catalyst is exposed to an oxygen-excess gas having a temperature in a range
of 950°C to 1000°C. That is, (i) the exhaust gas purification catalyst of the present embodiment can inhibit rhodium from
being mixed in alumina and therefore inhibit rhodium from forming a solid solution in combination with alumina, even if
the exhaust gas purification catalyst is exposed to an atmosphere having a temperature equal to the highest catalyst
bed temperature, and (ii) the exhaust gas purification catalyst of the present embodiment can cause rhodium to function
as the catalyst even after the exhaust gas purification catalyst is subjected to the durability process.
[0100] How to expose the exhaust gas purification catalyst of the present embodiment to the foregoing gas is not
particularly limited. The catalyst may be provided at an arbitral position in an exhaust pipe of an internal-combustion
engine so as to be exposed to the foregoing gas.
[0101] Further, the foregoing gas is preferably, but not particularly limited to, an exhaust gas emitted from the internal-
combustion engine. Components of the exhaust gas emitted from the internal-combustion engine include: nitrogen
oxides (NOX (such as NO and NO2), N2O, and the like); carbon monoxide; carbon dioxide; oxygen; hydrogen; ammonia;
water; a sulfur dioxide; and various hydrocarbons, for example.
[0102] The internal-combustion engine is not particularly limited. Examples of the internal-combustion engine encom-
pass: a gasoline engine; a hybrid engine; and an engine which uses a fuel such as a natural gas, ethanol, dimethyl ether
or the like. It is preferable that the internal-combustion engine is the gasoline engine.
[0103] Here, in the present specification, the description "expose the exhaust gas purification catalyst to the gas"
means a situation in which the catalyst and the gas are in contact with each other. This includes not only a situation in
which all of the surface of the catalyst is in contact with the gas but also a situation in which the surface of the catalyst
is only partially in contact with the gas.
[0104] Further, the description "mixed in ... and therefore forms a solid solution" generally means a state where different
materials are equally mixed with each other. Note, however, that in the present specification, the foregoing description
is not limited to the state of "equally mixed with each other" but includes such a state where the rhodium atoms which
have been exposed to a gas phase are embedded into the alumina particles and therefore are no longer exposed to the
gas phase.
[0105] Fig. 2 is a plan view schematically illustrating the catalysts which have been subjected to the durability process.
Materials identical with those in Fig. 1 have the same signs as those in Fig. 1. Further, in each of (a) through (c) of Fig.
2, a plurality of materials which are identical with each other are indicated such that only one of the plurality of identical
materials is pointed with a corresponding sign, in the same manner as Fig. 1.
[0106] As described above, it has been known that rhodium is mixed in alumina and forms the solid solution in
combination with alumina, when the catalyst is exposed to the oxygen-excess atmosphere having a high temperature.
In addition, it has been known that in a case where the catalyst is exposed to a reducing atmosphere, rhodium 4 which
has been mixed in alumina and has formed the solid solution in combination with alumina is separated out of alumina
on the surface of alumina (see (b) of Fig. 2). The separated rhodium is dispersed in a form of clusters.
[0107] Note that (a) of Fig. 2 is a plan view schematically illustrating how lanthanum-containing alumina is supported
while being adjacent to the rhodium particles, in a similar manner to (a) of Fig. 1.
[0108] Rhodium that has been mixed in alumina and has formed the solid solution in combination with alumina can
be detected by various methods. In the present specification, rhodium is detected by an X-ray photoelectric spectroscopy
method (XPS) and a CO pulse adsorption method.
[0109] An Rh3d5/2 peak of rhodium that has been mixed in alumina and has formed the solid solution in combination
with alumina can be detected at approximately 310.2 eV. The peak belonging to rhodium that has been mixed in alumina
and has formed the solid solution in combination with alumina, a peak belonging to nonvalent rhodium, detected at 307.2
eV, and a peak belonging to trivalent rhodium, detected at an eV in a range of 308.2 eV to 308.9 eV, are separated out
independently so that an area of each of the peaks with respect to the background can be found.
[0110] The larger a proportion of such rhodium is, the clearer the peak becomes. In a case where the proportion of
such rhodium is small, the observed peak may look like a shoulder peak. Regardless of whether or not the peak is clear,
it is possible to find the proportion of corresponding rhodium by separating out the peak.
[0111] On the basis of area ratios of nonvalent rhodium, trivalent rhodium, and rhodium that has been mixed in alumina
and has formed the solid solution in combination with alumina, a ratio of surface atoms (Atomic %, hereinafter, referred
to as "At%") of each rhodium with respect to a total of surface atoms of the entire rhodium can be found by use of the
following Formula (1). The atom ratio of rhodium (Rh) that has been mixed in alumina and has formed the solid solution
in combination with alumina can be also found in a similar manner. 
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[0112] In one embodiment of the exhaust gas purification catalyst of the present invention, rhodium that has been
mixed in alumina and has formed a solid solution in combination with alumina preferably has an atom ratio in a range
of 0% to 20%, more preferably in a range of 0% to 12%, with respect to a total of atoms of the entire rhodium, after the
exhaust gas purification catalyst is exposed to an oxygen-excess gas having a temperature in a range of 950°C to 1000°C.
[0113] As described above, the rhodium particles that have been mixed in alumina and have formed a solid solution
in combination with alumina are separated out on the surface of alumina in the form of clusters under the reducing
atmosphere. When the catalyst is subjected to a hydrogen reduction process by the CO pulse adsorption method or the
like, rhodium that has been mixed in alumina and has formed a solid solution in combination with alumina is separated
out on the surface of alumina in the form of clusters. This increases a CO adsorption amount of the catalyst.
[0114] Generally, the high-temperature durability process accelerates the sintering of the precious metal supported
on the carrier. For this reason, it is considered that the CO adsorption amount, measured by the CO pulse method after
the durability process, becomes less than the amount, measured before the durability process.
[0115] However, in a case where the catalyst in which rhodium has been mixed in alumina and has formed the solid
solution is subjected to the durability process at a high temperature under the presence of an oxygen-excess atmosphere,
the CO adsorption amount, measured by the CO pulse adsorption method after the durability process, becomes greater
than the amount, measured before the durability process.
[0116] It is considered that such increase in CO adsorption amount is caused because the rhodium particles that has
been mixed in alumina and has formed the solid solution in combination with alumina are separated out on the surface
of alumina in the form of clusters due to the reduction process of the CO pulse adsorption method. It is thus possible to
obtain, by use of the CO pulse adsorption method, collateral evidence data indicating that there is rhodium that has
been mixed in alumina and has formed a solid solution in combination with alumina.
[0117] In the present specification, the description "a case where there is rhodium that has been mixed in alumina
and has formed a solid solution in combination with alumina" means a case that satisfies the following conditions: (1)
the atom ratio of rhodium that has been mixed in alumina and has formed a solid solution in combination with alumina
has a positive value; and (2) the exposed surface area of rhodium, measured by the CO pulse adsorption method after
the durability process, is greater than that of rhodium, measured before the durability process.
[0118] In other words, the foregoing case is a case where a reduction rate of the exposed surface area of the precious
metal (rhodium) has a negative value, which reduction rate is defined by the following Formula (2). 

[0119] Note that the "exposed surface area of the precious metal" is a value obtained by use of a formula of "the
number of CO molecules adsorbed to 1 g of the exhaust gas purification catalyst" � "(lattice constant of the precious
metal)2". Further, the "number of CO molecules" can be found by the CO pulse adsorption method (see Reference
Document: Catalyst, 1986, vol. 28, No. 1). For example, a lattice constant of rhodium (precious metal) is 3.8030.
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[0120] The "exposed surface area of the precious metal" can be measured in accordance with the CO pulse adsorption
method (see Reference Document: Catalyst, 1986, vol. 28, No. 1), which was proposed by the Committee on Reference
Catalyst of the Catalysis Society of Japan.
[0121] Generally, the high-temperature durability process develops the sintering of the precious metal that has been
supported on the carrier. Therefore, it is considered that the CO adsorption amount, measured by the CO pulse adsorption
method after the durability process, is less than the amount, measured before the durability process.
[0122] In a case where the reduction rate of the exposed surface area of the precious metal is less than 0%, it is
believed that the exposed surface area of the precious metal was increased through the high-temperature durability
process. This is not preferable because, in such a case, it is considered that the coating structure in the catalyst is broken
due to: the formation of the solid solution of the precious metal and alumina; heat contraction of alumina coating the
precious metal, caused through the durability process; or the like. On the other hand, it is also not preferable that the
reduction rate of the exposed surface area of the precious metal is greater than 87%. This is because, in such a case,
it is highly possible that the sintering of the precious metal particles is significantly developed through the durability
process so that the number of the precious metal atoms that contribute to the catalyst reaction is reduced.
[0123] In the exhaust gas purification catalyst of the present embodiment, it is preferable that (i) the exposed surface
area of the precious metal is reduced or unchanged in a case where the exhaust gas purification catalyst is exposed to
an oxygen-excess gas having a temperature in a range of 950 °C to 1000°C. Further, in view of an effect of inhibiting
the sintering of the precious metal particles (such as rhodium particles), the reduction rate of the exposed surface area
is preferably in a range of 0% to 80%, more preferably in a range of 0% to 65%.

<Catalyst containing precious metal-cerium oxide complex coated with lanthanum-containing alumina>

[0124] In the exhaust gas purification catalyst of the present embodiment, a complex made of a precious metal and
a cerium oxide is preferably coated with lanthanum-containing alumina. That is, it is preferable that the exhaust gas
purification catalyst of the present embodiment contains a precious metal-cerium oxide complex (hereinafter, merely
referred to as "complex", in some cases) coated with lanthanum-containing alumina.
[0125] With this structure, in addition to the foregoing advantages of (i) the increase in heat resistance and (ii) the
inhibition of the sintering, it becomes possible to have an increase in oxygen absorption. The increase in oxygen absorption
allows the catalyst to have a higher catalyst capability.
[0126] The following description deals with the state where the complex made of precious metal particles and cerium
oxide particles is coated with lanthanum-containing alumina, with reference to (a) of Fig. 3.

(a) of Fig. 3 is a plan view schematically illustrating the state of the exhaust gas purification catalyst of the present
embodiment before the catalyst is subjected to the high-temperature durability process.

[0127] Lanthanum-containing alumina 1’ is supported while being adjacent to a complex made of a precious metal 2’
and a cerium oxide 3’ (see (a) of Fig. 3).
[0128] The wording "while being adjacent to a complex" means that lanthanum-containing alumina 1’ is partially in
contact with the precious metal 2’ and/or the cerium oxide 3’. In this state, a molecule (such as oxygen (O2) or carbon
monoxide (CO)), which generally can be adsorbed to the precious metal 2’ or the cerium oxide 3’, cannot be adsorbed
to the precious metal 2’ or the cerium oxide 3’ at the interface between lanthanum-containing alumina 1’ and the precious
metal 2’ and/or the cerium oxide 3’.
[0129] Note that in the structured illustrated in Figs. 3 and 4, it is preferable that (i) lanthanum-containing alumina 1’
is particles of lanthanum-containing alumina, (ii) the precious metal 2’ is particles of the precious metal, and (iii) the
cerium oxide 3’ is particles of the cerium oxide.
[0130] As described above, it is preferable that lanthanum-containing alumina, the precious metal, and the cerium
oxide are in the form of particles. In this case, lanthanum-containing alumina and the cerium oxide may be in a form of
either primary particles or secondary particles, but it is preferable that lanthanum-containing alumina and the cerium
oxide are in the form of the secondary particles into which the primary particles aggregate together. Further, it is preferable
that each of lanthanum-containing alumina and the cerium oxide has an average particle diameter in a range of 0.5 Pm
to 150 Pm, more preferably in a range of 1 Pm to 50 Pm, before a slurry is made from these.
[0131] The following description deals with the "complex made of the precious metal and the cerium oxide" with
reference to (a) and (b) of Fig. 3.
[0132] As illustrated in (a) of Fig. 3, the "complex made of the precious metal and the cerium oxide" is a complex in
which 1 or more atoms of the precious metal 2’ and 1 or more atoms of the cerium oxide 3’ are partially in contact with
each other. The examples of the complex encompass: a solid solution of the precious metal and the cerium oxide; a
mixture of the precious metal and the cerium oxide (or cerium); a compound of the precious metal and cerium; or any
combination of two or more foregoing materials.



EP 2 335 823 A1

14

5

10

15

20

25

30

35

40

45

50

55

[0133] In the complex made of the precious metal particles and the cerium oxide particles, the cerium oxide 3’ exists
adjacent to the precious metal 2’. Therefore, it is believed that in a case where the oxygen-excess gas flows into the
complex, the cerium oxide 3’ occludes oxygen. This eases the oxygen-excess state of a gas in the vicinity of the precious
metal 2’.
[0134] On the other hand, under the reducing atmosphere in which an amount of oxygen is insufficient, oxygen that
has been occluded by the cerium oxide 3’ can be used by the precious metal 2’ effectively because such oxygen exists
adjacent to the precious metal 2’.

(b) of Fig. 3 is a plan view schematically illustrating a state of the interface between the precious metal 2’ and the
cerium oxide 3’.

[0135] As illustrated in (b) of Fig. 3, a compound 4’ made of the precious metal 2’ and the cerium oxide 3’ is formed
at the interface in the complex made of the precious metal 2’ and the cerium oxide 3’. The formation of the compound
4’ can be confirmed by causing the "precious metal-cerium oxide complex coated with lanthanum-containing alumina"
to be subjected to X-ray diffraction. Note that the presence of such a compound can be confirmed before/after the high-
temperature durability process (later described in detail).
[0136] Meanwhile, Fig. 4 is a plan view schematically illustrating a state where (i) the precious metal 2’ is coated with
lanthanum-containing alumina 1’, and (ii) the cerium oxide 3’ is supported but not adjacent to the precious metal 2’.
[0137] Such a structure is different from the exhaust gas purification catalyst of the present embodiment in that since
the cerium oxide 3’ is supported but not adjacent to the precious metal 2’, the presence of the compound made of the
precious metal 2’ and the cerium oxide 3’ cannot be confirmed by the X-ray diffraction analysis before/after the high-
temperature durability process. Further, in such a structure, since the cerium oxide 3’ is supported but not adjacent to
the precious metal 2’, the cerium oxide 3’ occludes oxygen but excess oxygen are left in the vicinity of the precious metal
2’ when the oxygen-excess gas flows into the catalyst.
[0138] On the other hand, under the reducing atmosphere in which the amount of oxygen is not sufficient, the cerium
oxide 3’ releases oxygen that has been occluded under the oxygen-excess atmosphere, but such oxygen is not released
in the vicinity of the precious metal 2’. Therefore, such oxygen cannot be used by the precious metal 2’ effectively.
[0139] Fig. 5 is a plan view schematically illustrating how the precious metal 2’ is supported on alumina 1’ in a con-
ventional exhaust gas purification catalyst which is produced by an impregnation method.
[0140] In the state illustrated in Fig. 5, a large part of the particles of the precious metal 2’ is supported on a surface
of a carrier. In the state illustrated in Fig. 5, the peak belonging to the cerium oxide is detected more clearly by the X-
ray diffraction analysis before/after the high-temperature durability process. Therefore, the peak of the compound made
of the precious metal and the cerium oxide can be hardly detected.
[0141] Further, since the cerium oxide 3’ is supported while being relatively in the vicinity of the precious metal 2’, it
is possible that (i) the cerium oxide 3’ absorbs oxygen existing in the vicinity of the precious metal 2’ under the oxygen-
excess atmosphere, and (ii) the precious metal 2’ uses oxygen released from the cerium oxide 3’ under the reducing
atmosphere. However, the precious metal 2’ is not coated with alumina (unlike the structures illustrated in (a) of Fig. 3,
and Fig. 4) so that the sintering of the precious metal 2’ is likely to occur. It is not preferable that the sintering of the
precious metal particles (serving as a catalyst constituent) occurs, because such sintering reduces the surface area of
the precious metal particles, and therefore reduces the catalyst activity.
[0142] It is preferable that the exhaust gas purification catalyst keeps containing the complex coated with lanthanum-
containing alumina, even after the catalyst is exposed to an exhaust gas having a temperature in a range of 800°C to
1000°C (more preferably in a range of 950°C to 1000°C), the exhaust gas being emitted from the internal-combustion
engine.
[0143] That is, in this case, even if the catalyst is exposed to the gas having a temperature equal to the highest catalyst
bed temperature, (i) the sintering of the precious metal is inhibited, and (ii) oxygen is occluded/released by the cerium
oxide in the vicinity of the precious metal particles. That is, a fluctuation in air-fuel ratio is eased in the vicinity of the
precious metal. Therefore, it becomes possible to cause the precious metal to efficiently function as the exhaust gas
purification catalyst even after the catalyst is exposed to the high-temperature durability process.
[0144] In view of the inhibition of the sintering of the precious metal particles, it is preferable, in the exhaust gas
purification catalyst, that in a case where the exhaust gas purification catalyst is exposed to an exhaust gas having a
temperature in a range of 800°C to 1000°C, the exhaust gas being emitted from a vehicle employing a gasoline engine,
an exposed surface area of the precious metal is reduced by a percentage in a range of 0% to 87%, more preferably in
a range of 0% to 40%, with respect to an exposed surface area of the precious metal before the exposure.
[0145] Further, it is preferable that in a case where the exhaust gas purification catalyst is exposed to an exhaust gas
having a temperature in a range of 950°C to 1000°C, the exhaust gas being emitted from the vehicle having the gasoline
engine, the exposed surface area of the precious metal is reduced by a percentage in a range of 0% to 87%, more
preferably in a range of 0% to 40%, with respect to an exposed surface area of the precious metal before the exposure.
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[0146] Note that the reduction rate of the exposed surface area of the precious metal can be defined by the Formula
(2) as described above.
[0147] How to expose the exhaust gas purification catalyst to the foregoing gas is not particularly limited, and may be
identical with the method described in the foregoing <Catalyst containing precious metal coated with lanthanum-con-
taining alumina>. Further, the foregoing gas and the internal-combustion engine may be selected from the foregoing
examples.

(ii) Each component constituting exhaust gas purification catalyst

[0148] The exhaust gas purification catalyst of the present embodiment may contain only the precious metal coated
with lanthanum-containing alumina or the complex made of the precious metal and the cerium oxide, coated with lan-
thanum-containing alumina. Alternatively, the exhaust gas purification catalyst of the present embodiment may contain
the precious metal coated with lanthanum-containing alumina or the complex coated with lanthanum-containing alumina,
and another component(s).
[0149] The following description deals with each of components constituting the exhaust gas purification catalyst of
the present embodiment.

(Lanthanum-containing alumina)

[0150] The "lanthanum-containing alumina" is not particularly limited, provided that lanthanum and alumina are mixed
with each other. Lanthanum-containing alumina may be a mixture of (i) alumina and (ii) a lanthanum oxide (La2O3)
and/or a lanthanum-alumina composite oxide (LaAlO3 or the like), for example.
[0151] It is preferable that lanthanum is contained in the form of the lanthanum oxide (La2O3) and/or in the form of
the lanthanum-alumina composite oxide (LaAlO3 or the like). It is more preferable that lanthanum is contained in the
form of the lanthanum oxide (La2O3). Further, it is more preferable that the "lanthanum-containing alumina" contains
both the lanthanum oxide and the lanthanum-alumina composite oxide.
[0152] It is preferable that the "lanthanum-containing alumina" contains lanthanum in an amount (in terms of La2O3)
in a range of 0.5% by mass to 30% by mass, more preferably in a range of 2% by mass to 20% by mass, with respect
to a total amount of lanthanum and alumina (in terms of Al2O3).
[0153] The reason why the foregoing range is preferable is described below: (1) In a case where lanthanum is contained
in an amount of not less than 0.5% by mass, the precious metal becomes not likely to (i) be mixed in alumina and
therefore (ii) form a solid solution in combination with alumina, after the high-temperature durability process. (2) In a
case where lanthanum is contained in an amount not more than 30% by mass, a proportion of lanthanum which has a
smaller surface area than that of alumina would not become too large, and dispersibility of another catalyst and/or a
promoter component is hardly reduced.

(Precious metal)

[0154] The precious metal is not particularly limited, provided that the precious metal has catalyst activity. Examples
of the precious metal encompass: gold; silver; platinum; ruthenium; rhodium; palladium; osmium; iridium; and any com-
bination of two or more of these. Among these, it is more preferable to use rhodium, palladium, or platinum, as the
precious metal because they have a high three-way catalytic capability. Further, it is furthermore preferable to use
rhodium or palladium, as the precious metal because they have a high purification rate against a nitrogen oxide and a
hydrocarbon. It is most preferable to use rhodium as the precious metal.
[0155] It is preferable that the precious metal is contained in an amount (in terms of the precious metal) in a range of
0.2% by mass to 20% by mass, more preferably in a range of 0.5% by mass to 5% by mass, with respect to an amount
of lanthanum-containing alumina. The reason why the foregoing range is preferable is described below: (1) In a case
where the amount of the precious metal thus contained is not less than 0.2% by mass, a ratio of the precious metal that
is coated with lanthanum-containing alumina is not likely to be too high. Accordingly, the amount of the precious metal
particles exposed to the gas phase would not become too small. This can prevent a reduction in catalyst capability of
the exhaust gas purification catalyst. (2) On the other hand, in a case where the amount of the precious metal thus
contained is not more than 20% by mass, the ratio of the precious metal particles that have not been coated with
lanthanum-containing alumina becomes small.

(Cerium Oxide)

[0156] In the exhaust gas purification catalyst of the present embodiment, it is preferable that an amount of the cerium
oxide (in terms of CeO2) contained in the complex is in a range of 1% by mass to 40% by mass, more preferably in a
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range of 1% by mass to 30% by mass, furthermore preferably in a range of 5% by mass to 30% by mass, still further
preferably 5% by mass to 20% by mass, with respect to the total amount of the precious metal (in terms of the metal),
the cerium oxide, lanthanum (in terms of lanthanum), and alumina (in terms of Al2O3). The reason why the foregoing
range is preferable is described below: (1) In a case where the amount of the cerium oxide contained in the complex is
not less than 1% by mass, a fluctuation in air-fuel ratio is eased in the vicinity of the precious metal which serves as the
catalyst activity constituent. (2) In a case where the amount of the cerium oxide contained in the complex is not more
than 30% by mass, an exhaust gas is likely to be contact with the precious metal.
[0157] In the exhaust gas purification catalyst of the present embodiment, it is preferable that an amount of the cerium
oxide thus contained is greater than an amount of the compound made of the precious metal and the cerium oxide in
the complex made of the precious metal and the cerium oxide.
[0158] Note, here, that the comparison of the "amounts" can be carried out in such a manner that peak intensities,
measured by the X-ray diffraction analysis, are compared with each other. Accordingly, in a case where, for example,
the exhaust gas purification catalyst of the present embodiment employs rhodium as the precious metal, it is preferable
that (i) a peak intensity at a diffraction angle indicating a maximum intensity of CeO2 (28.5547° (� 0.017°)) is found,
and (ii) a peak intensity at a diffraction angle indicating a maximum intensity of CeRh (32.7652° (� 0.017°)) is found,
and (iii) the peak intensity at 28.5547° (� 0.017°), belonging to CeO2, is higher than the peak intensity at 32.7652° (�
0.017°), belonging to CeRh.
[0159] Further, in a case where a material having a diffraction angle near from the diffraction angle belonging to CeO2
and the diffraction angle belonging to CeRh is contained in the exhaust gas purification catalyst, (i) the peak belonging
to the material may be separated from the peak belonging to CeO2 and the peak belonging to CeRh, and then (ii) the
peak intensities of CeO2 and CeRh may be found.
[0160] In accordance with the amount of the cerium oxide contained in the exhaust gas purification catalyst, there is
a fluctuation in ratio of the amount of the cerium oxide contained in the complex, with respect to the amount of the
compound made of the precious metal and the cerium oxide, contained in the complex. However, in a case where the
amount of the cerium oxide contained in the complex is within the foregoing range of 1% by mass to 40% by mass
(preferably in a range of 1% by mass to 30% by mass), the amount of the cerium oxide contained in the complex would
be greater than the amount of the compound contained in the complex. This allows the cerium oxide to sufficiently
function as the oxygen occlusion/release material so that a fluctuation in air-fuel ratio is suitably eased in the vicinity of
the precious metal. The foregoing range for the amount of the cerium oxide contained in the complex is thus preferable.
[0161] In one embodiment of the present invention, in a case where the precious metal is rhodium, the compound is
CeRh. It is preferable that the intensity of the peak belonging to the cerium oxide with respect to the intensity of the peak
belonging to CeRh (hereinafter, referred to as "CeO2/CeRh") is not less than 1.0 but less than 3.3, the intensities being
found by the X-ray diffraction analysis. In a case where the "CeO2/CeRh" is within the foregoing range, the exhaust gas
purification catalyst contains (i) the cerium oxide having the oxygen occlusion/release ability and (ii) CeRh. That is, the
cerium oxide is supported while being adjacent to rhodium. This allows the cerium oxide to effectively exhibit its oxygen
occlusion/release ability.

(Fire-resistant inorganic oxide)

[0162] The exhaust gas purification catalyst of the present embodiment preferably further contains a fire-resistant
inorganic oxide. It is preferable that a melting point of the fire-resistant inorganic oxide is not less than 1000°C.
[0163] The fire-resistant inorganic oxide is not particularly limited, provided that it can be generally used as a catalyst
carrier for an exhaust gas. Examples of the fire-resistant inorganic oxide encompass: γ alumina (Al2O3), silica (SiO2),
silica-alumina (SiO2-Al2O3). titania (TiO2), magnesia (MgO), zeolite, a ceria-zirconia composite oxide, and zirconia.
Among these, the catalyst preferably contains at least one of alumina, the ceria-zirconia composite oxide, zirconia, and
magnesia.
[0164] Note that the "ceria-zirconia composite oxide" is a composite oxide in which zirconia is mixed in ceria and forms
a solid solution in combination with ceria. The "ceria-zirconia composite oxide" may also contain at least one of lanthanum,
yttrium, and praseodymium, for example.
[0165] It is preferable that (i) a mass ratio of ceria to zirconia in the ceria-zirconia composite oxide is in a range of 90:
10 to 10:90, and (ii) the amount of another component(s) contained in the ceria-zirconia composite oxide is not more
than 20% by mass per ceria-zirconia composite oxide. The ceria-zirconia composite oxide can be prepared by a copre-
cipitation method (Reference Document: Dictionary of Catalyst, Page 194, Asakura Shoten), for example.
[0166] The fire-resistant inorganic oxide may further contain an oxide of a transition metal (such as iron, nickel, cobalt,
and manganese), an oxide of an alkali metal, an oxide of an alkali earth metal, or an oxide of a rare earth element (such
as lanthanum).
[0167] Further, the fire-resistant inorganic oxide may be coated with lanthanum-containing alumina or may not be
coated with lanthanum-containing alumina. Here, it is preferable that the ceria-zirconia composite oxide is not coated
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with lanthanum-containing alumina. This makes it possible to purify an exhaust gas more efficiently.
[0168] Note that the description of "not coated with lanthanum-containing alumina" means that the corresponding
material does not exist at the interface between the precious metal and alumina. That is, the state where "the ceria-
zirconia composite oxide is not coated with lanthanum-containing alumina" is the state where "the ceria-zirconia composite
oxide does not exist between the precious metal and alumina", for example.
[0169] In a case where the exhaust gas purification catalyst is not supported on a three-dimensional structure (later
described in detail), it is preferable that an amount of the fire-resistant inorganic oxide contained in the catalyst is in a
range of 5% by mass to 80% by mass, more preferably in a range of 10% by mass to 60% by mass, with respect to the
total mass of the catalyst.
[0170] In a case where the fire-resistant inorganic oxide is supported on the three-dimensional structure (later described
in detail), it is preferable that the amount of the fire-resistant inorganic oxide contained in the catalyst is, per liter of the
three-dimensional structure, in a range of 30 g to 300 g, more preferably in a range of 70 g to 150 g. It is preferable that
the amount of the ceria-zirconia composite oxide that is not coated with lanthanum-containing alumina, contained in the
catalyst, is, per liter of the three-dimensional structure, in a range of 5 g to 100 g, more preferably in a range of 20 g to 80 g.

(Other components)

[0171] The exhaust gas purification catalyst of the present embodiment preferably further contains a cerium oxide
that is not coated with lanthanum-containing alumina. This eases a fluctuation in the atmosphere in the vicinity of the
precious metal that is not coated with alumina. Accordingly, it becomes possible to purify an exhaust gas furthermore
efficiently.
[0172] In a case where the exhaust gas purification catalyst of the present embodiment is supported on the three-
dimensional structure, it is preferable that an amount of the cerium oxide that is not coated with lanthanum-containing
alumina, contained in the catalyst, is, per liter of the three-dimensional structure, in a range of 5 g to 100 g, more preferably
in a range of 20 g to 80 g.
[0173] In a case where the exhaust gas purification catalyst is not supported on the three-dimensional structure, it is
preferable that the amount of the cerium oxide that is not coated with lanthanum-containing alumina, contained in the
catalyst, is in a range of 5% by mass to 80% by mass, more preferably in a range of 10% by mass to 60% by mass, with
respect to the total mass of the catalyst.
[0174] The exhaust gas purification catalyst of the present embodiment may further contain rhodium, palladium, and/or
platinum, each of which is not coated with lanthanum-containing alumina.
[0175] In a case where the exhaust gas purification catalyst of the present embodiment is supported on the three-
dimensional structure (later described in detail), it is preferable that an amount of platinum that is not coated with
lanthanum-containing alumina, contained in the catalyst, is, per liter of the three-dimensional structure, in a range of 0.1
g to 5 g, more preferably in a range of 0.5 g to 1 g. The reason why the foregoing range is preferable is described below:
(1) In a case where the amount of platinum contained in the catalyst is not less than 0.1 g per liter of the three-dimensional
structure, the catalyst exhibits a superior catalyst capability. (2) In a case where the amount of platinum contained in
the catalyst is not more than 5 g per liter of the three-dimensional structure, a high contributing ratio of the amount of
platinum to the catalyst capability can be obtained, i.e. a high cost-performance ratio can be obtained.
[0176] Further, in the case where the exhaust gas purification catalyst of the present embodiment is supported on the
three-dimensional structure (later described in detail), it is preferable that an amount of palladium that is not coated with
lanthanum-containing alumina, contained in the catalyst, is, per liter of the three-dimensional structure, in a range of 0.5
g to 10 g, more preferably in a range of 1 g to 8 g. The reason why the foregoing range is preferable is described below:
(1) In a case where the amount of palladium contained in the catalyst is not less than 0.5 g per liter of the three-dimensional
structure, the catalyst exhibits a superior catalyst capability. (2) In a case where the amount of palladium contained in
the catalyst is not more than 10 g per liter of the three-dimensional structure, a high contributing ratio of the amount of
palladium to the catalyst capability can be obtained, i.e. a high cost-performance ratio can be obtained.

(ii) Three-dimensional structure

[0177] The exhaust gas purification catalyst of the present embodiment is preferably supported on the three-dimen-
sional structure. That is, in the exhaust gas purification catalyst of the present embodiment, it is preferable that each of
the components described above is supported on the three-dimensional structure.
[0178] The three-dimensional structure is not particularly limited, and may be a heat-resistant carrier such as a hon-
eycomb carrier, for example. Further, it is preferable to use an integral mold-type three-dimensional structure (integral
structure) as the three-dimensional structure. Examples of the integral structure encompass: a monolith carrier; a metal
honeycomb carrier; a plugged honeycomb carrier such as a diesel particulate filter; and a perforated metal. Note that
the three-dimensional structure is not necessarily a three-dimensional integral structure, and may be a pellet carrier or
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the like, for example.
[0179] The monolith carrier is not particularly limited provided that the monolith carrier is the one called "ceramic
honeycomb carrier". It is preferable that the monolith carrier is made from cordierite, mullite, α-alumina, a silicon carbide,
a silicon nitride, or the like. It is particularly preferable that the monolith carrier is made from cordierite. Other than these,
it is possible to use as the three-dimensional structure, an integral structure made from a heat-resistant metal which (i)
has a resistance against oxidation, and (ii) contains a stainless steel, an Fe-Cr-Al alloy, or the like.
[0180] Each of these monolith carriers is produced by an extrusion molding method, a method of winding and hardening
a sheet element, or the like. The monolith carrier has a gas vent (cell shape) whose shape may be any one of a hexagonal
shape, a quadrangular shape, a triangular shape, and a corrugation shape. The monolith carrier having a cell density
(the number of cells/unit cross-sectional area) in a range of 100 cells to 1200 cells/square inch can be suitable used. It
is preferable that the monolith carrier has a cell density in a range of 200 cells to 900 cells/square inch.
[0181] In a case where the exhaust gas purification catalyst of the present embodiment is supported on the three-
dimensional structure, it is preferable that an amount of the precious metal contained in the exhaust gas purification
catalyst is, per liter of the three-dimensional structure, in a range of 0.01 g to 10 g, more preferably in a range of 0.01 g
to 5g, furthermore preferably in a range of 0.01 g to 3 g, still more preferably in a range of 0.01 g to 1.5 g. Note that how
to support the catalyst on the three-dimensional structure is not particularly limited. The catalyst can be supported on
the three-dimensional structure by a method such as a washcoat method.
[0182] The reason why the foregoing range is preferable is described below: (1) In a case where the amount of the
precious metal contained in the catalyst is not less than 0.01g per liter of the three-dimensional structure, the catalyst
exhibits a high catalyst capability. (2) In a case where the amount of the precious metal contained in the catalyst is not
more than 5g per liter of the three-dimensional structure, a high contributing ratio of the amount of the precious metal
to the catalyst capability can be obtained, i.e. a high cost-performance ratio can be obtained.
[0183] Further, it is preferable that an amount of the complex contained in the exhaust gas purification catalyst is, per
liter of the three dimensional structure, in a range of 30 g to 300 g, more preferably in a range of 70 g to 150 g, which
complex (i) is made of the precious metal and the cerium oxide and (ii) is, at least partially, coated with lanthanum-
containing alumina (powder obtained by coating the complex made of the precious metal and the cerium oxide with
lanthanum-containing alumina). Further, in a case where the exhaust gas purification catalyst of the present embodiment
is supported on the three-dimensional structure, it is preferable that an amount of the fire-resistant inorganic oxide
contained in the exhaust gas purification catalyst is, per liter of the three-dimensional structure, in a range of 30 g to 300
g, more preferably in a range of 70 g to 150 g.

(iii) Property of exhaust gas purification catalyst

(Pore volume of pores)

[0184] In the exhaust gas purification catalyst of the present embodiment, it is preferable that a pore volume of pores
of not less than 160 nm but less than 1000 nm in diameter accounts for 5% to 20% in a total porous volume of the
exhaust gas purification catalyst. It is more preferable that the pore volume of the pores of not less than 160 nm but less
than 800 nm in diameter accounts for not less than 5% but less than 18% in the total pore volume. It is furthermore
preferable that a pore volume of pores of not less than 160 nm but less than 600 nm in diameter accounts for not less
than 5% but less than 16% in the total pore volume.
[0185] Further, it is preferable that a pore volume of pores of less than 160 nm in diameter accounts for, in the total
pore volume of the exhaust gas purification catalyst, 70% to 90%, more preferably 72% to 90%, furthermore preferably
77% to 89%.

(a) of Fig. 6 is a plan view schematically illustrating a structure in which lanthanum-containing alumina 1’ is supported
while being adjacent to the cerium oxide 3’ and the precious metal 2’, where the pore volume of the pores of not
less than 160 nm but less than 1000 nm in diameter accounts for 5% to 20% in the total pore volume, and the pore
volume of the pores of less than 160 nm in diameter accounts for 70% to 90% in the total pore volume, which pore
volumes are measured by a mercury penetration method.

[0186] In the catalyst having the pore size distribution illustrated in (a) of Fig. 6, both the precious metal 2’ and the
cerium oxide 3’ are coated with lanthanum-containing alumina 1’, but the exhaust gas is likely to be adsorbed to both
the precious metal 2’ and the cerium oxide 3’. Therefore, it is believed that (i) the sintering of the precious metal 2’ can
be inhibited even after the durability process, and (ii) purification reaction of the exhaust gas is likely to occur.
[0187] Further, in the state illustrated in (a) of Fig. 6, the cerium oxide 3’ exists adjacent to the precious metal 2’.
Therefore, in a case where the oxygen-excess gas flows in the catalyst, the cerium oxide 3’ occludes oxygen so as to
ease the oxygen-excess state of the gas atmosphere in the vicinity of the precious metal 2’. Furthermore, under the
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reducing atmosphere in which the amount of oxygen is not sufficient, the cerium oxide 3’ releases, in the vicinity of the
precious metal 2’, oxygen that has been occluded under the oxygen-excess atmosphere. Therefore, it is believed that
oxygen can be effectively used.
[0188] On the other hand, (b) of Fig. 6 is a plan view schematically illustrating a structure where lanthanum-containing
alumina 1’ is supported while being adjacent to the cerium oxide 3’ and the precious metal 2’, where the pore volume
of the pores of not less than 160 nm to less than 1000 nm in diameter accounts for not less than 0% but less than 5%
in the total pore volume, and the pore volume of the pores of less than 160 nm in diameter accounts for 90% to 100%
in the total pore volume, which pore volumes are measured by a mercury penetration method.
[0189] In the catalyst having the pore size distribution illustrated in (b) of Fig. 6, the exhaust gas is likely to be adsorbed
to neither the precious metal 2’ nor the cerium oxide 3’. Therefore, even if the sintering can be inhibited after the durability
process, it is believed that the purification reaction of the exhaust gas is not likely to occur.
[0190] Note that as to a technique of controlling the pore volume of the pores of the catalyst, a method for producing
a catalyst has been disclosed (see Japanese Patent Application, Tokukaisho, No. 61-4532 A (1986), for example). In
the method, (i) activated cerium-containing alumina and a cerium oxide are impregnated in an integral mold-type carrier,
dried, and baked, so as to form a carrier, the activated cerium-containing alumina having such pore size distribution that
a pore volume of pores of 20 nm to 60 nm in diameter accounts for not less than 80% in a total pore volume of the
activated cerium-containing alumina, (ii) a main catalyst metal is supported on the resultant carrier, and (iii) the resultant
carrier is further coated with a slurry which contains an alumina sol and activated alumina having such pore size distribution
that a pore volume of pores of 20 nm to 60 nm in diameter accounts for not less than 80% in the total pore volume of
the activated alumina.
[0191] Further, there has been disclosed a method for producing a heat-resistant composite oxide which (i) is made
from CeO2-La2O3-Al2O3 and (ii) has such pore size distribution that a pore volume of pores of 5 nm to 20 nm in diameter
accounts for the largest percentage in the total pore volume, the method including the steps of: producing a sol by mixing
aluminum alkoxide, barium, lanthanum, and cerium with each other; turning the sol into a gel; and drying and baking
the gel (see Japanese Patent Publication No. 2642657, for example).
[0192] However, each of the catalysts described above has the following problem. Since a large part of the precious
metal particles are provided on the surface of the carrier (see Fig. 5), there are few physical barriers for preventing the
sintering of the precious metal. Therefore, the sintering of the precious metal particles is likely to occur when the catalyst
is used at a high temperature or subjected to the high-temperature durability process for a long time. Such sintering
reduces the catalyst capability.
[0193] That is, it is impossible to obtain a desired effect of the present invention by merely controlling the pore volume.
In order to obtain the desired effect of the present invention, it is necessary to cause the catalyst to contain a precious
metal coated with lanthanum-containing alumina. For this reason, on the basis of the techniques described above, the
foregoing preferable ranges of the pore volumes could not have been easily arrived at by even a person skilled in the art.

(Oxygen absorption)

[0194] It is preferable that the exhaust gas purification catalyst of the present embodiment has an oxygen absorption
in a range of 30% to 100%, more preferably in a range of 40% to 100%, further preferably in a range of 50% to 100 %,
furthermore preferably in a range of 80% to 100%.
[0195] Here, the "oxygen absorption" means a value determined by a method described in the following Examples.
The "oxygen absorption" has a close relationship with the catalyst capability of the exhaust gas purification catalyst.
Generally, the higher the oxygen absorption is, the higher the oxygen occlusion/release ability is, i.e. the higher the
exhaust gas purification capability is. On the other hand, the lower the oxygen absorption is, the lower the oxygen
occlusion/release ability is, i.e. the lower the exhaust gas purification capability is.
[0196] An oxygen absorption of 100% means that all oxygen introduced into the exhaust gas purification catalyst is
used, that is, the exhaust gas purification catalyst has a significantly high exhaust gas purification capability. On the
other hand, in a case where the oxygen absorption becomes not more than 30%, oxygen which could not be absorbed
exists in the vicinity of the precious metal. This is not preferable because, in a case where an oxygen concentration in
the vicinity of the precious metal is not less than the theoretical air-fuel ratio, the exhaust gas catalyst reaction may not
be likely to be developed on the precious metal.
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(II) Method for producing exhaust gas purification catalyst

(i) Preparation of precious metal or complex, either of which is coated with lanthanum-containing alumina

<Preparation of precious metal coated with lanthanum-containing alumina>

[0197] A method for preparing the catalyst of the present embodiment is not particularly limited, and may be a con-
ventionally-known preparation method, provided that the catalyst of the present embodiment, prepared by the method,
contains the precious metal coated with lanthanum-containing alumina. For example, the catalyst of the present em-
bodiment can be prepared by the sol-gel method, an alkoxide method, a reverse micelle method, a hydrothermal synthesis
method, or the like.
[0198] A material of the precious metal may be, but not limited to, nitrate salt, a chloride, acetate salt, organic salt, or
the like. For example, a material of rhodium may be, but not particularly limited to, a rhodium nitrate, a rhodium chloride,
a rhodium acetate, hexaammine rhodium, or the like. Further, a material of palladium may be a palladium nitrate, a
palladium chlorate, a palladium acetate, tetraammine palladium, or the like, for example. Furthermore, a material of
platinum may be a platinum nitrate, a tetraammine platinum oxalate, or the like, for example.
[0199] A material of lanthanum may be, but not particularly limited to, a lanthanum (III) acetate n-hydrate, a lanthanum
nitrite hexahydrate, a lanthanum chloride heptahydrate, a lanthanum (III) sulfate n-hydrate, a lanthanum oxide, or the
like, for example. Note that "n" of the "n-hydrate" is an integer not less than 1.
[0200] A material of alumina may be, but not particularly limited to, an aluminum-containing sol (such as a boehmite
sol), an aluminum isopropoxide, an aluminum ethoxide, an aluminum n-butoxide, an aluminum sec-butoxide, an aluminum
nitrate, a basic aluminum nitrate, an aluminum hydroxide, or the like.
[0201] Each of the foregoing materials constituting the exhaust gas purification catalyst should be used in an amount
which is within a corresponding range among the ranges described above.
[0202] How to coat the precious metal with lanthanum-containing alumina is not particularly limited, but it is preferable
to select a coating method in accordance with the material of alumina. The following description explains how to coat
rhodium with lanthanum-containing aluminum isopropoxide, as an example.
[0203] First, aluminum isopropoxide is added to an isopropanol whose mass is substantially equal to that of aluminum
isopropoxide. Then, the resultant solution is agitated for 10 minutes. Next, a rhodium nitrate aqueous solution is added
to the resultant solution so that an amount of rhodium with respect to aluminum becomes equal to a predetermined
amount. Hydrolysis reaction of aluminum isopropoxide is developed in a slightly acidic state or in an acidic state, so that
aluminum isopropoxide is turned into an aluminum hydroxide. In this case, it is preferable that the hydrolysis reaction
proceeds with water contained in the rhodium nitrate aqueous solution thus added. In a case where the hydrolysis
reaction proceeds with water contained in the rhodium nitrate aqueous solution, rhodium is supported while being coated
with alumina.
[0204] It is preferable to add lanthanum acetate to the resultant solution after (i) the rhodium nitrate aqueous solution
is added to the resultant solution and then (ii) aluminum isopropoxide is, at least partially, subjected to the hydrolysis
reaction. Here, water is added to the solution, an amount of which is equal to an amount necessary for all aluminum
isopropoxide to be subjected to the hydrolysis reaction. Then, the resultant solution is continuously agitated until the
hydrolysis of aluminum isopropoxide is finished. The hydrolysis reaction is exothermic reaction. Therefore, it is considered
that the time when the hydrolysis is finished is a time when heat generation is finished.
[0205] Upon the completion of the hydrolysis reaction, the resultant sample is provided in a form of gel. The gel thus
obtained is dried at a temperature preferably in a range of 50°C to 200°C, more preferably in a range of 70°C to 150°C.
Then, the sample thus dried is baked under the presence of an oxygen-excess atmosphere at a temperature preferably
in a range of 30°C to 950°C, more preferably in a range of 400°C to 600°C. By carrying out the steps described above,
it becomes possible to obtain a rhodium catalyst coated with lanthanum-containing alumina.
[0206] Here, it is preferable that an amount of rhodium contained in the catalyst is, per lanthanum-containing alumina
powder, in a range of 0.2% by mass to 20% by mass, more preferably in a range of 0.5% by mass to 5% by mass. The
reason why the foregoing range is preferable is described below: (1) In a case where the amount of rhodium contained
in the catalyst is less than 0.2% by mass, a ratio of rhodium coated with lanthanum-containing alumina becomes too
high. That is, an amount of rhodium that is exposed to the gas phase becomes too small. This may reduce the catalyst
capability. (2) On the other hand, in a case where the amount of rhodium is more than 20% by mass, a ratio of the
rhodium particles that could not be coated with lanthanum-containing alumina becomes too high.

<Preparation of complex coated with lanthanum-containing alumina>

[0207] The complex of the present embodiment, (i) which is made of the precious metal and the cerium oxide, and
(ii) which is, at least partially, coated with lanthanum-containing alumina, can be produced by the method described in
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the foregoing <Preparation of precious metal coated with lanthanum-containing alumina>.
[0208] The materials of alumina, lanthanum, and the precious metal can be selected from various materials described
in the foregoing <Preparation of precious metal coated with lanthanum-containing alumina>.
[0209] The material of the cerium oxide may be a cerium oxide or a material which can be turned into the cerium oxide
through a drying step and a baking step. For example, the material of the cerium oxide may be a cerium (III) nitrate
hexahydrate, a cerium (III) acetate monohydrate, or a ceria sol.
[0210] Each of the components (materials) constituting the exhaust gas purification catalyst should be used in an
amount in a corresponding range among the ranges described above.
[0211] In the present embodiment, how to coat the complex made of the precious metal and the cerium oxide with
lanthanum-containing alumina is not particularly limited, but it is preferable to select a coating method in accordance
with the material of alumina. For example, it is possible to suitably coat the complex with lanthanum-containing alumina
by (i) adding, to an alcohol solution of aluminum alkoxide, a mixed solution of an aqueous solution containing the precious
metal and an aqueous solution of the cerium oxide, (ii) adding water containing lanthanum to the resultant solution, and
(iii) drying the resultant solution, and, if necessary, baking the resultant sample.
[0212] Further, in a case where rhodium and the cerium oxide are coated with lanthanum-containing aluminum iso-
propoxide, the foregoing operations for coating rhodium with lanthanum-containing aluminum isopropoxide can be sim-
ilarly carried out, for example. That is, (i) the rhodium nitrate and the cerium acetate should be weighed so that an amount
of rhodium with respect to alumina is equal to a predetermined amount, (ii) these are mixed with each other so as to
produce a rhodium nitrate-cerium acetate mixed aqueous solution, and (iii) the mixed solution is added in place of the
rhodium nitrate solution described above.

(ii) Method for producing exhaust gas purification catalyst

[0213] How to prepare the catalyst is not particularly limited. However, in a case where a catalyst composite itself is
provided as the catalyst, the catalyst composite may be (i) sufficiently agitated, and (ii) then molded into a circular cylinder
shape, a globular sphere shape, or the like, for example.
[0214] Note that the catalyst composite can contain various components described above, such as alumina, the fire-
resistant inorganic oxide (such as the ceria-zirconia composite oxide), the cerium oxide which is not coated with lantha-
num-containing alumina, and/or the precious metal which is not coated with lanthanum-containing alumina. Materials
of the components may be identical with the ones described above, and each of the components may be contained in
an amount in a corresponding range among the ranges described above.
[0215] It is preferable that the exhaust gas purification catalyst of the present embodiment is supported on the three-
dimensional structure.
[0216] In a case where the integral structure (e.g. the three-dimensional structure) or an inactive inorganic carrier
(hereinafter, referred to as "integral structure or the like") is used, the following method may be employed. All of the
catalyst composite is introduced into a ball mill or the like at one time, and is subjected to wet-milling. An aqueous slurry
is thus obtained. The integral structure or the like is immersed in the aqueous slurry, and then dried and baked. The
catalyst is thus supported on the integral structure or the like.

<Production method employing alumina sol as material of complex>

[0217] The following description deals with, as an example of the present embodiment, how to produce an exhaust
gas purification catalyst by employing an alumina sol as a material of the complex.
[0218] The term "sol" used here is identical with a collide solution, in which particles are dispersed in a liquid and have
flowability. Further, the term "gel" used here is identical with a state where the collide particles lose their own mobility
(flowability) so as to form a three-dimensional network structure.
[0219] Specifically, the state where the collide particles lose their flowability is defined by a gel viscosity in a range of
5,000cP to 500,000cP, preferably in a range of 10,000cP to 100,000cP, more preferably in a range of 12,000cP to
50,000cP. The reason why the foregoing range is preferable is described below: (1) In a case where the gel viscosity
is not less than 5,000cP, the gelatification is sufficiently developed. Accordingly, it is possible to take the precious metal
and the cerium oxide into the three-dimensional network structure without any problems. In this case, the precious metal
and the cerium oxide are sufficiently coated with lanthanum-containing alumina. (2) In a case where the gel viscosity is
not more than 500,000cP, a viscosity of the slurry at a step for preparing the slurry would not become too high. Accordingly,
it becomes possible to coat the three-dimensional structure with the slurry by the washcoating without any problems.
[0220] Here, in order to turn the sol into the gel, it is necessary to set a pH at which the sol cannot maintain its form
stably. For example, in order to turn, into a gel, a sol which is stable at a pH in a range of 3 to 5, it is necessary to set
the pH to be less than 3 or more than 5.
[0221] In a case where the alumina sol is used as the material of the complex, the following method may be used, for
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example. That is, the gel in which the complex made of the precious metal and the cerium oxide is coated with the
lanthanum-containing alumina gel is neither dried nor baked but is mixed with another catalyst composite. The gel is
thus turned into an aqueous slurry. Then, the three-dimensional structure is immersed in the aqueous slurry, and then
dried and baked.
[0222] That is, in the foregoing case, it is preferable that the method for producing an exhaust gas purification catalyst
includes: a step for producing a gel; a step for turning the gel into a slurry; a step for carrying out the washcoating; and
a step for drying and baking the slurry. According to the method, when producing such a catalyst that the complex in
which the precious metal and the cerium oxide are coated with lanthanum-containing alumina is supported on the three-
dimensional structure, it is possible to (i) reduce the number of times that the baking step is carried out, and (ii) therefore
reduce a cost for carrying out the baking step and a time period for producing the catalyst. Accordingly, it is possible to
produce the exhaust gas purification catalyst at lower cost and with higher production efficiency.

(Step for producing gel)

[0223] The step for producing a gel is a step for producing the gel in which the complex made of the precious metal
and the cerium oxide is coated with the lanthanum-containing alumina gel. Specifically, the gel can be produced by the
following method.
[0224] For example, in a case where an alumina sol having a pH of 4 (stable at a pH in a range of 3 to 5) is used, the
gelatification is developed by adding, to the alumina sol, a mixed solution of a nitrate salt precious metal solution and a
material of cerium so that the resultant solution has a pH of 1.0. Here, the viscosity of the solution should be not less
than 5,000cP. The resultant solution is agitated until a change in viscosity falls within a range of �100cP/second. Then,
lanthanum-containing water is further added thereto. Thereby, it is possible to obtain a complex in which a precious
metal source and a cerium oxide source are taken into the three-dimensional network structure of the gel by the lanthanum-
containing alumina gel. By coating, by the washcoating, the three-dimensional structure with (i) the complex, (ii) the fire-
resistant inorganic oxide, and (iii) the like, it becomes thus possible to obtain the catalyst in which the precious metal
and the cerium oxide are coated with lanthanum-containing alumina.

(Step for producing slurry)

[0225] The step for producing the slurry is a step for turning, into a slurry, the gel in which the complex made of the
precious metal and the cerium oxide is coated with the lanthanum-containing alumina gel. Specifically, the slurry can
be obtained by (i) mixing the gel with another component(s) such as the fire-resistant inorganic oxide, and then (ii)
causing the mixed solution to be subjected to the wet milling.
[0226] Here, it is preferable that an amount of the complex in the mixed solution of the complex and the another
component(s) (such as the fire-resistant inorganic oxide) is in a range of 2% by mass to 40% by mass, more preferably
in a range of 5% by mass to 20% by mass. The reason why the foregoing range is preferable is described below: (1) In
a case where the amount of the complex in the mixed solution is not less than 2% by mass, the ratio of the complex in
the mixed solution becomes sufficiently high. This makes it possible to cause the catalyst to have a sufficient increase
in heat resistance. (2) In a case where the amount of the complex contained in the mixed solution is not more than 40%
by mass, the ratio of the complex in the mixed solution does not become too high. This makes it possible to easily adjust
the pore size distribution to be within a predetermined range.
[0227] The "wet-milling" means the milling of the mixed solution of the complex and the another component(s) (such
as the fire-resistant inorganic oxide) by use of a milling apparatus such as a ball mill.
[0228] It is preferable that the particle diameter of the mixed components in the slurry is in a range of 2 Pm to 10 Pm,
more preferably in a range of 3 Pm to 8 Pm, which particle diameter is measured by a dynamic light scattering method.
In a case where the particle diameter is in the foregoing range, it is possible to cause the catalyst to adhere to the three-
dimensional structure more tightly. Therefore, it is possible to cause the three-dimensional structure to support the
catalyst having the predetermined pore size distribution without any problems. Further, it is preferable that a concentration
of a solid content contained in the slurry is in a range of 10% by mass to 60% by mass.

(Step for carrying out washcoating)

[0229] The step for carrying out the washcoating is a step for causing the three-dimensional structure to support the
slurry.

(Step for carrying out drying and baking)

[0230] The step for carrying out the drying and the baking is a step for drying and baking the three-dimensional structure
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which is coated with the slurry by the washcoating. Conditions for the drying and the baking, such as temperatures and
time periods necessary for carrying out the drying or the baking, are not particularly limited, but it is preferable that the
conditions are set so that the drying and the baking are carried out until the three-dimensional structure does not have
a change in mass.
[0231] It is preferable, for example, that the drying is carried in an atmosphere at a temperature in a range of 50°C to
200°C (more preferably in a range of 80°C to 180°C) for a time period in a range of 5 minutes to 10 hours (more preferably
in a range of 10 minutes to 8 hours).
[0232] Further, for example, it is preferable that the baking is carried out at a temperature in a range of 300°C to
1000°C (more preferably in a range of 400°C to 500°C) for a time period in a range of 30 minutes to 10 hours (more
preferably in a range of 1 hour to 6 hours). This is because: in a case where the baking is carried out at a temperature
not less than 300°C, the hydrocarbon and the like, contained in the slurry, can be successfully burned away; and in a
case where the baking is carried out at a temperature less than 1000°C, contraction of the pores can be inhibited.

(III) Method for purifying exhaust gas

[0233] A method of the present embodiment, for purifying an exhaust gas, includes a step of exposing the exhaust
gas purification catalyst to an exhaust gas emitted from an internal-combustion engine. Here, in present specification,
the description "exposing the exhaust gas purification catalyst to the exhaust gas" means that the exhaust gas purification
catalyst is in contact with the gas, and includes not only the case where all of the surface of the catalyst is in contact
with the exhaust gas but also the case where the surface of the catalyst is partially in contact with the exhaust gas.
[0234] How to expose the catalyst to the exhaust gas is not particularly limited. For example, the exhaust gas purification
catalyst may be exposed to the exhaust gas in such a manner that (i) the exhaust gas purification catalyst is placed in
an arbitral position in an exhaust gas path of an exhaust port of the internal-combustion engine, and (ii) the internal-
combustion engine emits the exhaust gas into the exhaust gas path.
[0235] How long the catalyst is exposed to the exhaust gas is not particularly limited, provided that the catalyst is, at
least partially, in contact with the exhaust gas.
[0236] The temperature of the exhaust gas is not particularly limited, but it is preferable that the exhaust gas has a
temperature in a range of 0°C to 750°C, which is a normal temperature range for normal driving. Here, it is preferable
that the exhaust gas has an air-fuel ratio in a range of 13.1 to 16.1, which exhaust gas has a temperature in the range
of 0°C to 750°C and is emitted from the internal-combustion engine.
[0237] Further, in a case where the exhaust gas has a temperature in the range of 0°C to 750°C, the exhaust gas
purification catalyst may be exposed to another exhaust gas having a temperature in a range of 800°C to 1000°C before
the exhaust gas purification catalyst is exposed to the foregoing exhaust gas emitted from the internal-combustion engine.
[0238] It is preferable that the another exhaust gas has an air-fuel ratio in a range of 10 to 18.6, which another exhaust
gas has a temperature in the range of 800°C to 1000°C. Further, how long the exhaust gas purification catalyst is exposed
to such an oxygen-excess exhaust gas having a temperature in the range of 800°C to 1000°C is not particularly limited.
For example, the exhaust gas purification catalyst can be exposed to the another exhaust gas for a time period in a
range of 5 hours to 100 hours.
[0239] Note that it is preferable that (i) the exhaust gas has a temperature in the range of 0°C to 750°C at a catalyst
entry part, and (ii) the another exhaust gas has a temperature in the range of 800°C to 1000°C at a catalyst bed part.
[0240] In one embodiment of the present invention, the method of the present invention, for purifying an exhaust gas,
may include the steps of: (i) exposing the exhaust gas purification catalyst of the present invention to the oxygen-excess
exhaust gas (e.g. an exhaust gas having an air-fuel ratio preferably in a range of 14.1 to 15.1) having a temperature in
a range of 950°C to 1000°C; and (ii) exposing, after the step (i), the exhaust gas purification catalyst to the exhaust gas
(whose temperature is in the range of 0°C to 750°C) emitted from the internal-combustion engine.
[0241] In this case, how long the exhaust gas purification catalyst is exposed to the exhaust gas having a temperature
in the range of 0°C to 750°C is not particularly limited, provided that a time period is ensured for the exhaust gas
purification catalyst to be, at least partially, in contact with the exhaust gas having a temperature in the range of 0°C to
750°C. Further, how long the exhaust gas purification catalyst is exposed to such an oxygen-excess exhaust gas having
a temperature in the range of 950°C to 1000°C is also not particularly limited. The exhaust gas purification catalyst may
not be exposed to the oxygen-excess exhaust gas at all or may be exposed for a time period in a range of 5 hours to
100 hours, which is a preferable range for a time period of the high-temperature durability process.
[0242] Note that it is preferable that (i) the exhaust gas has a temperature in the "range of 0°C to 750°C" at the catalyst
entry part, and (ii) the oxygen-excess exhaust gas has a temperature in the "range of 950°C to 1000°C" at the catalyst
bed part. Further, it is preferable that the exhaust gas (whose temperature is in a range of 0°C to 750°C) emitted from
the internal-combustion engine has an air-fuel ratio in a range of 14.1 to 15.1.
[0243] Note that the "catalyst entry part" is an internal part of an exhaust pipe, which internal part has a space provided
(i) between an end surface of the placed catalyst on an exhaust gas inflow side and a plane 20 cm away from the end
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surface toward the internal-combustion engine, and (ii) at the center of a cross-sectional shape of the exhaust pipe.
Further, the "catalyst bed part" is a part (i) at a middle position between the end surface of the catalyst on the exhaust
gas inflow side and the other end surface on an exhaust gas outflow side, and (ii) at the center of the cross-sectional
shape of the exhaust pipe (in a case where the exhaust pipe has a shape other than a circular shape as its cross-
sectional shape, the part is positioned at a center of mass of the cross-sectional shape).
[0244] Moreover, the "normal driving" means a state where a vehicle or a two-wheel vehicle, having an internal-
combustion engine, is being driven normally but not driven at a significantly high speed or a significantly low speed. For
example, the normal driving may be an LA-4 mode driving or the like.
[0245] The exhaust gas is not particularly limited, provided that the exhaust gas is an exhaust gas emitted from the
internal-combustion engine. Examples of the exhaust gas encompass: a nitrogen oxide (e.g. NO, NO2, or N2O); carbon
monoxide; carbon dioxide; oxygen; hydrogen; ammonia; water; sulfur dioxide; and various hydrocarbons.
[0246] The internal-combustion engine is not particularly limited. Examples of the internal-combustion engine encom-
pass: a gasoline engine; a hybrid engine; and an engine uses a fuel such as a natural gas, ethanol, or dimethyl ether.
Among these, it is particularly preferable that the gasoline engine is used as the internal-combustion engine.
[0247] As described above, the exhaust gas purification catalyst of the present invention has a heat resistance and
an effect of inhibiting a precious metal such as rhodium from forming a solid solution. Therefore, the sintering of the
precious metal can be inhibited, even if (i) an oxygen-excess exhaust gas flows into an exhaust gas path during purification
of an exhaust gas generated by normal driving, and (ii) the oxygen-excess exhaust gas has a significantly high temperature
(e.g. a temperature in a range of 950°C to 1000°C) as compared with the exhaust gas generated by the normal driving.
Therefore, it is possible to continuously purify the exhaust gas generated by the normal driving even after the oxygen-
excess exhaust gas flows into the exhaust gas purification catalyst.
[0248] Further, according to the structure in which the exhaust gas purification catalyst contains the precious metal-
cerium oxide complex coated with lanthanum-containing alumina, the exhaust gas purification catalyst further has an
oxygen occlusion/release ability. According to the structure, it is possible to continuously purify the exhaust gas generated
by the normal driving without any problems, even after another exhaust gas flows into the exhaust gas path during
purification of the exhaust gas generated by normal driving, the another exhaust gas having a significantly high temper-
ature (e.g. a temperature in a range of 800°C to 1000°C, preferably in a range of 950°C to 1000°C) as compared with
the exhaust gas generated by the normal driving.
[0249] The present invention described above can also be expressed as follows:

(1) An exhaust gas purification catalyst containing at least rhodium coated with lanthanum-containing alumina.
(2) The exhaust gas purification catalyst according to the foregoing (1), wherein: an amount of lanthanum contained
in the exhaust gas purification catalyst is in a range of 0.5 % by mass to 30% by mass with respect to a total amount
of lanthanum and alumina.
(3) The exhaust gas purification catalyst according to the foregoing (1) or (2), wherein: the exhaust gas purification
catalyst keeps containing rhodium coated with lanthanum-containing alumina, even after the exhaust gas purification
catalyst is exposed to an oxygen-excess gas having a temperature in a range of 950°C to 1000°C.
(4) The exhaust gas purification catalyst according to the foregoing (3), wherein: an exposed surface area of rhodium
is reduced or unchanged in a case where the exhaust gas purification catalyst is exposed to the foregoing gas.
(5) The exhaust gas purification catalyst according to the foregoing (4), wherein: the exposed surface area of rhodium
is reduced by a percentage in a range of 0% to 80% in a case where the exhaust gas purification catalyst is exposed
to the foregoing gas.
(6) The exhaust gas purification catalyst according to any one of the foregoing (3) through (5), wherein: 20% or less
of rhodium in atomic ratio is mixed into alumina to form a solid solution of alumina and rhodium after the exhaust
gas purification catalyst is exposed to the foregoing gas.
(7) The exhaust gas purification catalyst according to any one of the foregoing (1) through (6), wherein: the exhaust
gas purification catalyst is supported on a three-dimensional structure.
(8) The exhaust gas purification catalyst according to any one of the foregoing (1) through (7), further containing
platinum and/or palladium.
(9) The exhaust gas purification catalyst according to any one of the foregoing (1) through (8), further containing a
fire-resistant inorganic oxide.
(10) The exhaust gas purification catalyst according to any one of the foregoing (1) through (9), further containing
a cerium oxide and/or a ceria-zirconia composite oxide, neither of which is coated with lanthanum-containing alumina.
(11) A method for purifying an exhaust gas, the method including the step of exposing an exhaust gas purification
catalyst according to any one of the foregoing (1) through (10) to an exhaust gas emitted from an internal-combustion
engine.
(12) The method according to the foregoing (11), wherein: the exhaust gas emitted from the internal-combustion
engine has a temperature in a range of 0°C to 750°C; and the exhaust gas purification catalyst may be exposed to
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an oxygen-excess exhaust gas having a temperature in a range of 950°C to 1000°C, before the exhaust gas
purification catalyst is exposed to the exhaust gas emitted from the internal-combustion engine.
(13) The method according to the foregoing (11) or (12), wherein: the exhaust gas emitted from the internal-com-
bustion engine has (i) a temperature in a range of 0°C to 750°C and (ii) an air-fuel ratio in a range of 14.1 to 15.1.

[0250] Further, the present invention can also be expressed as described below.

(1) An exhaust gas purification catalyst contains a complex made of a precious metal and a cerium oxide, the
complex being coated with lanthanum-containing alumina.
(2) The exhaust gas purification catalyst according to the foregoing (1), wherein: a compound made of the precious
metal and cerium is formed at an interface between the precious metal and the cerium oxide.
(3) The exhaust gas purification catalyst according to the foregoing (2), wherein: an amount of the cerium oxide
contained in the complex is greater than an amount of the compound contained in the complex.
(4) The exhaust gas purification catalyst according to any one of the foregoing (1) through (3), wherein: the precious
metal is rhodium.
(5) The exhaust gas purification catalyst according to any one of the foregoing (1) through (4), wherein the compound
is CeRh.
(6) The exhaust gas purification catalyst according to any one of the foregoing (1) through (5), wherein: the amount
of the cerium oxide contained in the complex is in a range of 1% by mass to 30% by mass with respect to a total
amount of the precious metal, the cerium oxide, lanthanum, and alumina, each of which is contained in the exhaust
gas purification catalyst.
(7) The exhaust gas purification catalyst according to any one of the foregoing (1) through (6), wherein: the exhaust
gas purification catalyst keeps containing the complex coated with lanthanum-containing alumina, even after the
exhaust gas purification catalyst is exposed to an exhaust gas which (i) has a temperature in a range of 950°C to
1000°C and (ii) is emitted from an internal-combustion engine.
(8) The exhaust gas purification catalyst according to the foregoing (7), wherein: in a case where the exhaust gas
purification catalyst is exposed to the foregoing exhaust gas, an exposed surface area of the precious metal is
reduced by a percentage in a range of 0% to 87% with respect to an exposed surface area of the precious metal
before the exposure.
(9) The exhaust gas purification catalyst according to the foregoing (8), wherein: the exhaust gas purification catalyst
has an oxygen absorption in a range of 30% to 100%.
(10) The exhaust gas purification catalyst according to any one of the foregoing (1) through (9), wherein: the exhaust
gas purification catalyst is supported on a three-dimensional structure.
(11) The exhaust gas purification catalyst according to any one of the foregoing (1) through (10), further containing
platinum and/or palladium, neither of which is coated with lanthanum-containing alumina.
(12) The exhaust gas purification catalyst according to any one of the foregoing (1) through (11), further containing
a fire-resistant inorganic oxide.
(13) The exhaust gas purification catalyst according to any one of the foregoing (1) through (12), further containing
a cerium oxide and/or a ceria-zirconia composite oxide, neither of which is coated with lanthanum-containing alumina.
(14) A method for purifying an exhaust gas, the method including the step of exposing an exhaust gas purification
catalyst according to any one of the foregoing (1) through (13) to an exhaust gas emitted from an internal-combustion
engine.
(15) The method according to the foregoing (14), wherein: the exhaust gas emitted from the internal-combustion
engine has a temperature in a range of 0°C to 750°C; and the exhaust gas purification catalyst has been exposed
to another exhaust gas having (i) a temperature in a range of 950°C to 1000°C and (ii) an air-fuel ratio in a range
of 14.1 to 15.1, before the exhaust gas purification catalyst is exposed to the exhaust gas emitted from the internal-
combustion engine.

[0251] Furthermore, the present invention can also be expressed as described below.

(1) An exhaust gas purification catalyst containing a complex made of a precious metal and a cerium oxide, the
complex being, at least partially, coated with lanthanum-containing alumina, the exhaust gas purification catalyst
having such pore size distribution that a pore volume of pores of not less than 160 nm but less than 1000 nm in
diameter accounts for 5% to 20% in a total pore volume of the exhaust gas purification catalyst.
(2) The exhaust gas purification catalyst according to the foregoing (1), wherein: a pore volume of pores of less than
160 nm in diameter accounts for 70% to 90% in the total pore volume of the exhaust gas purification catalyst.
(3) The exhaust gas purification catalyst according to the foregoing (1) or (2), wherein: the precious metal is at least
one selected from the group consisting of rhodium, palladium, and platinum.
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(4) The exhaust gas purification catalyst according to any one of the foregoing (1) through (3), further containing a
fire-resistant inorganic oxide whose melting point is not less than 1000°C.
(5) The exhaust gas purification catalyst according to any one of the foregoing (1) through (4), wherein: the exhaust
gas purification catalyst is supported on a three-dimensional structure.
(6) The exhaust gas purification catalyst according to any one of the foregoing (1) through (5), further containing a
cerium oxide and/or a ceria-zirconia composite oxide, neither of which is coated with lanthanum-containing alumina.
(7) A method for purifying an exhaust gas, the method including the step of exposing an exhaust gas purification
catalyst according to any one of the foregoing (1) through (6) to an exhaust gas emitted from an internal-combustion
engine.
(8) The method according to the foregoing (7), wherein:

the exhaust gas emitted from the internal-combustion engine has a temperature in a range of 0°C to 750°C;
and the exhaust gas purification catalyst has been exposed to another exhaust gas having (i) a temperature in
a range of 800°C to 1000°C and (ii) an air-fuel ratio in a range of 10 to 18.6, before the exhaust gas purification
catalyst is exposed to the exhaust gas emitted from the internal-combustion engine.

(9) A method for producing an exhaust gas purification catalyst according to any one of the foregoing (1) through
(6), the method including the step of producing a gel in which a complex made of a precious metal and a cerium
oxide is coated with a lanthanum-containing alumina gel.
(10) The method according to the foregoing (9), further including the steps of: turning, into a slurry, the gel in which
the complex made of the precious metal and the cerium oxide is coated with the lanthanum-containing alumina gel;
coating a three-dimensional structure with the slurry by washcoating; and drying and baking the three-dimensional
structure which is coated with the slurry by the washcoating.

[Examples]

[0252] Examples and Comparative Examples of the present invention are described below so that details of the present
invention can be understood more clearly. Note that the present invention is not limited to the following Examples.

(I) Catalyst containing rhodium coated with lanthanum-containing alumina

<Production of exhaust gas purification catalyst (1)>

[Example 1]

[0253] Aluminum isopropoxide (material of alumina), a rhodium nitrate aqueous solution (material of rhodium), and a
lanthanum acetate (material of lanthanum) were weighed so that a mass ratio of alumina: rhodium: lanthanum was
adjusted to be 97: 3: 5. The weighed aluminum isopropoxide was added to ethanol whose mass was equal to that of
the weighed aluminum isopropoxide, and the resultant solution was agitated for 10 minutes. Then, the rhodium nitrate
aqueous solution was added to the aluminum isopropoxide/ethanol solution.
[0254] Next, the lanthanum acetate was dispersed in water whose mass was equal to a mass necessary for hydrolysis
reaction of the weighed aluminum isopropoxide. Then, the resultant solution was added to the aluminum isopropoxide/
ethanol/rhodium nitrite solution, and the mixed solution was agitated for 2 hours. The mixed solution was dried at 120°C
for 8 hours, and then baked at 500°C for 1 hour under the presence of an atmosphere. Rhodium-coating alumina powder
A, containing 2.86% by mass of lanthanum and 4.76% by mass of rhodium, was thus obtained.

[Comparative Example 1]

[0255] Aluminum isopropoxide (material of alumina) and a rhodium nitrate aqueous solution (material of rhodium)
were weighed so that a mass ratio of alumina: rhodium was adjusted to be 20: 1. The weighed aluminum isopropoxide
was added to ethanol whose mass was equal to that of the weighed aluminum isopropoxide, and the resultant solution
was agitated for 10 minutes. Then, the rhodium nitrate aqueous solution was added to the aluminum isopropoxide/
ethanol solution.
[0256] Next, water whose mass was equal to a mass necessary for hydrolysis reaction of the weighed aluminum
isopropoxide was added to the aluminum isopropoxide/ethanol/rhodium nitrate solution, and the mixed solution was
agitated for 2 hours. The mixed solution was dried at 120°C for 8 hours, and was baked at 500°C for 1 hour under the
presence of an atmosphere. Rhodium-coating alumina powder B, containing 4.76% by mass of rhodium, was thus
obtained.
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[Comparative Example 2]

[0257] Lanthanum (3% by mass)-containing alumina and a rhodium nitrate were weighed so that a mass ratio of
lanthanum (3% by mass)-containing alumina: rhodium was adjusted to be 20: 1. The rhodium nitrate was supported on
the weighed lanthanum-containing alumina by a pore filling method (see Dictionary of Catalyst, Page 174, Asakura
Shoten). The resultant solution was dried at 120°C for 8 hours, and was baked at 500°C for 1 hour under the presence
of an atmosphere. Rhodium-impregnation alumina powder C, containing 4.76% by mass of rhodium, was thus obtained.

<How to measure exposed surface area of rhodium>

[0258] The exposed surface area of rhodium was measured basically in accordance with a CO pulse method, proposed
by the Committee on Reference Catalyst of the Catalysis Society of Japan (Catalyst, 1986, vol. 28, No. 1). In the present
example, rhodium was coated with alumina. Therefore, in order to sufficiently develop a process prior to a process for
reducing rhodium, a temperature at which the reducing process was carried out was set to be 500°C.

<Measurement of exposed surface area of rhodium>

[0259] Fig. 7 is a view showing a result of measurement of the exposed surface area of rhodium, which measurement
was carried out for each of the powders A, B, and C by the foregoing method.
[0260] As shown in Fig. 7, either the powder A which contained lanthanum and the coated rhodium or the powder B
which contained the coated rhodium had a smaller exposed surface area of rhodium than that of the powder C produced
by the pore filling method. Note that in Figs. 7 through 9, "A" indicates the powder A, "B" indicates the powder B, and
"C" indicates the powder C.
[0261] Here, it is shown that the rhodium particles were coated with alumina in the powders A and B, because (i) the
powders A, B, and C contained the same mass of rhodium, and (ii) the powders A and B were significantly smaller in
exposed surface area of rhodium than the powder C while all of the powders A, B, and C had not been subjected to a
durability process at a temperature at which rhodium particles were turned into larger blocks due to sintering.
[0262] Next, the powders A, B, and C were subjected to the durability process at 950°C for 50 hours under the presence
of an atmosphere. Then, the exposed surface area of rhodium was measured for each of the powders A, B, and C in
the same manner as described above. Fig. 8 shows the result of the measurement.
[0263] Fig. 8 shows that the powder A in which rhodium was coated with lanthanum-containing alumina had the largest
exposed surface area of rhodium, the powder C in which rhodium was supported by impregnation had the second largest
exposed surface area of rhodium, and the powder B in which rhodium was coated with alumina containing no lanthanum
had the smallest exposed surface area of rhodium.
[0264] Fig. 9 shows, for each of the powders A, B, and C, a reduction rate of the exposed surface area of rhodium,
which was calculated by comparing the exposed surface area of rhodium, measured before the powder was subjected
to the durability process carried out at 950°C for 50 hours, with that of rhodium, measured after the durability process.
In order to find the reduction rate, the foregoing Formula (2) was used.
[0265] Fig. 9 shows that (i) the powder A in which rhodium was coated with lanthanum-containing alumina, and the
powder C in which rhodium was supported by the impregnation were reduced in exposed surface area of rhodium through
the durability process, and (ii) the powder A had a lower reduction rate of the exposed surface area of rhodium than that
of the powder C. In contrast, the powder B in which rhodium was coated with alumina containing no lanthanum was
increased in exposed surface area of rhodium through the durability process, and its reduction rate of the exposed
surface area of rhodium had a negative value.
[0266] The reason why the powder B had the negative value as the reduction rate of the exposed surface area of
rhodium may be as described below: (1) Rhodium that had been mixed in alumina and had formed a solid solution in
combination with alumina was separated out again due to an H2 reducing process at a time of the measurement of the
exposed surface area of rhodium. (2) Alumina coating rhodium was contracted due to heat deterioration so that there
were rhodium atoms newly exposed.

<Measurement of rhodium that has formed solid solution>

[0267] Table 1 shows a ratio of rhodium atoms (At%) that were mixed in alumina and therefore formed a solid solution
in combination with alumina, which ratio was calculated by (i) XPS analysis and (ii) by use of the foregoing Formula (1).
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[0268] As shown in Table 1, the rhodium forming the solid solution was not confirmed in the powder C in which rhodium
was supported by the impregnation (produced by the impregnation method), after the powder C was subjected to the
durability process at 950°C for 50 hours. Similarly, the rhodium forming the solid solution was not confirmed in the powder
A in which rhodium was coated with lanthanum-containing alumina. In contrast, 21.8 At% of the rhodium forming the
solid solution was confirmed in the powder B in which rhodium was coated with alumina containing no lanthanum, after
the durability process at 950°C for 50 hours.
[0269] In a case where the powders A, B, and C were subjected to the durability process at 1000°C, the rhodium
forming the solid solution was confirmed in each of the powders A, B, and C. However, each of the powders A and C
had a smaller ratio of the rhodium forming the solid solution, as compared with the powder B.
[0270] As described above, it was demonstrated that, by coating rhodium with lanthanum-containing alumina, it be-
comes possible to inhibit rhodium from forming a solid solution in combination with alumina.

<Measurement of BET (Brunauer-Emmett-Teller) surface area>

[0271] Fig. 10 shows a reduction rate of a BET surface area of an exhaust gas purification catalyst, which reduction
rate was calculated by comparing the BET surface area of the catalyst, measured before the catalyst was subjected to
the durability process at 950°C for 50 hours, with the BET surface area of the catalyst, measured after the catalyst is
subjected to the durability process. The reduction rate of the BET surface area through the durability process is defined
by the following Formula (3). 

[0272] In Fig. 10, a horizontal axis shows a ratio (% by mass) of an amount of lanthanum (La2O3) in the exhaust gas
purification catalyst, and a vertical axis shows a reduction rate of the BET surface area, calculated in accordance with
Formula (3). As shown in Fig. 10, the catalyst that contained lanthanum had a lower reduction rate than that of the
catalyst that contained no lanthanum (0% by mass). That is, it is believed that in a case where the catalyst contains no
lanthanum, a coating layer thereof can be easily broken. Further, as the amount of lanthanum in the catalyst became
greater, the reduction rate of the surface area was reduced. Around 8% by mass of lanthanum, the catalyst exhibited a
minimum reduction rate of the surface area.

<Production of exhaust gas purification catalyst (2)>

[Example 2]

[0273] A dinitro-diammine platinum aqueous solution (material of platinum), a palladium nitrate (material of palladium),
lanthanum (3% by mass)-containing alumina (material of alumina), a CeO2 - ZrO2 composite oxide, and the powder A
were weighed so that a mass ratio of Pt: Pd: La2O3 - Al2O3: CeO2 - ZrO2: La2O3: powder A was adjusted to be 0.06:
0.2: 31.2: 30: 5.04: 4. Next, these were mixed with each other, and the mixed solution was agitated for 2 hours. Then,
the mixed solution was subjected to wet milling. A slurry A was thus obtained. The slurry A thus obtained was applied
to 0.92L of cordierite by washcoating so that 70.5 g of the slurry A was provided per liter of cordierite after being baked
at 500°C for 1 hour in the following step. After being dried at 150°C for 15 minutes, the slurry A was baked at 500°C for

[Table 1]

Before durability process After durability process at 950°C After durability process at 1000°C

Powder A 0 0 11.0

Powder B 0 21.8 25.4

Powder C 0 0 9.8
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1 hour in an atmosphere. Thereby, a catalyst A was obtained. The catalyst A contained, per liter of the catalyst A, 0.06
g of Pt, 0.2 g of Pd, and 0.24g of Rh.

[Comparative Example 3]

[0274] A catalyst B was produced by the same method and by use of the same ratio of materials as in Example 2,
except that the powder B was used in place of the powder A.

[Comparative Example 4]

[0275] A catalyst C was produced by the same method and by use of the same ratio of materials as in Example 2,
except that the powder C was used in place of the powder A.

<Durability process for exhaust gas purification catalyst>

[0276] Each of the catalysts A, B, and C was placed 40 cm downstream from an exhaust hole of a 2.4-liter straight-
six-cylinder engine. An A/F at the catalyst entry part was set to be in a range of 10.6 to 18.6, which range encompassed
a range of an oxygen-excess atmosphere. The durability process was carried out so that (i) the highest temperature of
the catalyst bed was 950°C and (ii) the durability process was carried out for 50 hours.

<Evaluation of capability of exhaust gas purification catalyst>

[0277] Each of the catalysts A, B, and C was placed 30 cm downstream from the exhaust hole of a 2.4-liter six-cylinder
MPI engine. A vehicle employing the engine was driven twice in an LA-4 mode shown in Fig. 11 (Fig. 12 shows how a
temperature at the catalyst entry part changed while the vehicle was driven in the LA-4 mode). In the second driving,
CO, HC, and NO, exhausted from a catalyst exit part, was sampled by a CVS method during a time period from a time
when the LA-4 mode was started to a time when the LA-4 mode was ended.
[0278] Fig. 11 shows how a driving speed at which the vehicle was driven in the LA-4 mode changed as a time elapsed.
In Fig. 11, a horizontal axis indicates a time period (second) elapsed from a time when the LA-4 mode driving was
started, and a vertical axis indicates the driving speed at which the vehicle was driven in the LA-4 mode. Fig. 12 is a
view showing how a temperature at the catalyst entry part changed while the vehicle was driven in the LA-4 mode. In
Fig. 12, a horizontal axis indicates a time period (second) elapsed from the time when the LA-4 mode driving was started,
and a vertical axis indicates the temperature at the catalyst entry part. Fig. 13 is a view showing, for each of the catalysts
A, B, and C, a mass (Bag emission) of each gas exhausted per mile. On the horizontal axes in Fig. 13, "A" indicates the
catalyst A produced with the powder A, "B" indicates the catalyst B produced with the powder B, and "C" indicates the
catalyst C produced with the powder C.
[0279] Fig. 13 shows that among the catalysts A, B, and C, the catalyst A reduced an CO exhaust amount and a NO
exhaust amount the most, which catalyst A contained the powder A in which the coated state of rhodium was maintained
by inhibiting rhodium from being mixed in alumina and therefore inhibiting rhodium from forming a solid solution in
combination with alumina.

(II) Catalyst containing complex coated with lanthanum-containing alumina

[0280] The following description deals with, by citing Examples and Comparative Examples, a catalyst containing a
precious metal-cerium oxide complex coated with lanthanum-containing alumina, so that the present invention can be
further clearly understood. Note, however, that the present invention is not limited to the following Examples.

<Production of exhaust gas purification catalyst [1]>

[Example 3]

[0281] Aluminum isopropoxide (material of alumina), a rhodium nitrate aqueous solution (material of rhodium), a
lanthanum acetate (material of lanthanum), and a cerium (III) acetate (material of a cerium oxide) were used.
[0282] The materials were weighed so that a mass ratio of alumina: rhodium: lanthanum oxide: cerium oxide was
adjusted to be 82.5: 4.5: 3: 10. The weighed aluminum isopropoxide was added to ethanol whose mass was equal to
that of the weighed aluminum isopropoxide, and the resultant solution was agitated for 10 minutes. Then, a mixed solution
of the cerium acetate and the rhodium nitrate aqueous solution was added to the aluminum isopropoxide/ethanol solution.
[0283] Next, the lanthanum acetate was dispersed in water whose mass was equal to a mass necessary for hydrolysis
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reaction of the weighed aluminum isopropoxide, and the resultant dispersion liquid was added to the aluminum isopro-
poxide/ethanol/rhodium nitrate/cerium acetate solution. The mixed solution was agitated for 2 hours. A gel was thus
obtained. The gel thus obtained was dried at 120°C for 8 hours, and the dried object was baked at 500°C for 1 hour
under the presence of an atmosphere. Powder D in which the complex made of the cerium oxide and rhodium was
coated with lanthanum-containing alumina was thus obtained.

[Example 4]

[0284] Powder E in which the complex made of the cerium oxide and rhodium was coated with lanthanum-containing
alumina was obtained in the same manner as Example 1, except that the mass ratio of alumina: rhodium: lanthanum
oxide: cerium oxide was adjusted to be 87.5: 4.5: 3: 5.

[Reference Example 1]

[0285] Aluminum isopropoxide (material of alumina), a rhodium nitrate aqueous solution (material of rhodium), and a
lanthanum acetate (material of lanthanum) were used.
[0286] The materials were weighed so that a mass ratio of alumina: rhodium: lanthanum oxide was adjusted to be
92.5: 4.5: 3. The weighed aluminum isopropoxide was added to ethanol whose mass was equal to that of the weighed
aluminum isopropoxide, and the resultant solution was agitated for 10 minutes. Then, the rhodium nitrate aqueous
solution was added to the aluminum isopropoxide/ethanol solution.
[0287] Next, the lanthanum acetate was dispersed in water whose mass was equal to a mass necessary for hydrolysis
reaction of the weighed aluminum isopropoxide, and the resultant solution was added to the aluminum isopropoxide/
ethanol/rhodium nitrate solution. The mixed solution was agitated for 2 hours. A gel was thus obtained. The gel thus
obtained was dried at 120°C for 8 hours, and the dried object was baked at 500°C for 1 hour under the presence of an
atmosphere. Powder F in which rhodium was coated with lanthanum-containing alumina was thus obtained.

[Comparative Example 5]

[0288] Lanthanum-containing alumina (material of alumina, material of lanthanum) and a rhodium nitrate (material of
rhodium) were used.
[0289] The materials were weighed so that a mass ratio of alumina: rhodium: lanthanum oxide was adjusted to be
92.5: 4.5: 3. Next, the rhodium nitrate was supported on the weighed lanthanum-containing alumina by a pore filling
method (see Dictionary of Catalyst, Page 174, Asakura Shoten). The resultant solution was dried at 120°C for 8 hours,
and was baked at 500°C for 1 hour under the presence of an atmosphere. Powder G in which the rhodium was supported
on lanthanum-containing alumina by impregnation was thus obtained.

[Comparative Example 6]

[0290] Aluminum isopropoxide (material of alumina), a rhodium nitrate aqueous solution (material of rhodium), a
lanthanum acetate (material of lanthanum), and a cerium oxide (material of a cerium oxide) were used.
[0291] The materials were weighed so that a mass ratio of alumina: rhodium: lanthanum oxide: cerium oxide was
adjusted to be 82.5: 4.5: 3: 10. The weighed aluminum isopropoxide was added to ethanol whose mass was equal to
that of the weighed aluminum isopropoxide, and the resultant solution was agitated for 10 minutes. Then, the rhodium
nitrate aqueous solution was added to the aluminum isopropoxide/ethanol solution.
[0292] Next, the lanthanum acetate was dispersed in water whose mass was equal to a mass necessary for hydrolysis
reaction of the weighed aluminum isopropoxide, and the dispersion liquid was added to the aluminum isopropoxide/
ethanol/rhodium nitrate solution. The mixed solution was agitated for 2 hours. A reactant was thus obtained. The reactant
thus obtained was dried at 120°C for 8 hours, and the dried object was baked at 500°C for 1 hour under the presence
of an atmosphere. Then, the obtained object was mixed with the weighed cerium oxide, and the mixture was milled in
a mortar. Powder H (i) which contained the cerium oxide and [ii] in which rhodium was coated with lanthanum-containing
alumina was thus obtained. The powder H contained the cerium oxide that was not coated with lanthanum-containing
alumina.

[Comparative Example 7]

[0293] Powder I (i) which contained the cerium oxide and [ii] in which rhodium was coated with lanthanum-containing
alumina was obtained in the same manner as Comparative Example 6, except that the mass ratio of alumina: rhodium:
lanthanum oxide: cerium oxide was adjusted to be 87.5: 4.5: 3: 5. The powder I contained the cerium oxide that was not
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coated with lanthanum-containing alumina, like the powder H of Comparative Example 6.

<Confirmation of powder component (X-ray diffraction analysis)>

[0294] Components of the powder obtained in each of Examples 3 and 4, Reference Example 1, and Comparative
Examples 5 through 7 were subjected to X-ray diffraction, so as to check whether CeO2 and CeRh were present or
absent in that powder. As an X-ray diffractometer, X ’Pert PRO (manufactured by Spectris Co., Ltd.) was used. As an
X-ray source, CuKα was used. The measurement was carried out with an X-ray (40 mA, 45 kV) and a step angle of 0.017°.
[0295] In the X-ray diffraction pattern thus obtained, CeO2 has its peak at an angle indicated by JCPDS file No.
00-034-0394, while CeRh has its peak at an angle indicated by JCPDS file No. 00-019-0296. In a case where CeO2
and CeRh are contained in a measurement sample, the peaks are detected at the respective angles indicated by the
JCPDS files. In the present Example, however, Al2O3 and La2O3 were also contained in the measurement sample in
addition to CeO2 and CeRh. Therefore, the peaks may not be clearly detected at a diffraction angle having a lower
intensity ratio than those of Al2O3 and La2O3. For this reason, in the present Example, an intensity of the peak was
measured at the diffraction angle (28.5547° (�0.017°) for CeO2, and 32.7652° (�0.017°) for CeRh) indicating a maximum
intensity of each of CeO2 and CeRh.
[0296] In each of the powder D produced in Example 3 and the powder E produced in Example 4, the complex made
of the cerium oxide and rhodium was coated with lanthanum-containing alumina. As illustrated in (a) of Fig. 3, in each
of the powders D and E, the precious metal 2’ and the cerium oxide 3’ were supported while being adjacent to each
other. Therefore, the complex was formed. The powders D and E were subjected to qualitative analysis by the X-ray
diffraction analysis after being subjected to a high-temperature durability process. As a result, a peak belonging to CeRh
was detected. Since the CeRh compound was formed on the interface between cerium oxide particles and rhodium
particles, it was confirmed that the complex made of the cerium oxide and rhodium was coated with lanthanum-containing
alumina.
[0297] Meanwhile, each of the powder H of Comparative Example 6 and the powder I of Comparative Example 7 was
produced such that (i) rhodium was coated with lanthanum-containing alumina, and then (ii) the cerium oxide was
physically mixed with rhodium coated with lanthanum-containing alumina. As illustrated in Fig. 4, in each of the powders
H and I, the cerium oxide 3’ was supported but not adjacent to the precious metal 2’. The powders H and I were subjected
to the qualitative analysis by the X-ray diffraction analysis after being subjected to the high-temperature durability process.
As a result, no peak belonging to CeRh was detected, whereas the peak belonging to CeO2 was detected with a relatively
high intensity. It is believed that the foregoing result was based on the fact that (i) rhodium and the cerium oxide were
supported but not adjacent to each other, and therefore (ii) a large part of these did not exist as the CeRh compound
but CeO2.
[0298] In the powder D produced in Comparative Example 5, the precious metal was supported by immersing an
existing carrier in a precious metal solution (by the impregnation method, for example). As illustrated in Fig. 5, in the
powder D, a large part of the precious metal particles were supported on the carrier. The powder D was subjected to
qualitative analysis by the X-ray diffraction analysis after being subjected to the high-temperature durability process. As
a result, the peak belonging to the cerium oxide was detected more clearly, and therefore it was difficult to detect the
peak belonging to CeRh.
[0299] Further, a ratio of the intensity of the peak belonging to CeO2 to the intensity of the peak belonging to CeRh
was found for each of the powders. Table 2 shows the result.

[0300] Table 2 shows that each of the powders D and E, in which the complex made of the cerium oxide and rhodium
was coated with lanthanum-containing alumina, had a higher ratio of CeRh to CeO2, as compared with the powders H
and I, in which the cerium oxide was not coated with lanthanum-containing alumina.

[Table 2]

1. CeO2 2. CeRh 1/2

Powder D (Example 3) 569 229 2.5

Powder E (Example 4) 202 182 1.1

Powder F (Reference Example 1) Not found Not found -

Powder H (Comparative Example 6) 1399 117 12.0

Powder I (Comparative Example 7) 659 200 3.3
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<Measurement of exposed surface area of precious metal>

[0301] The exposed surface area of the precious metal was measured basically in accordance with a CO pulse method,
proposed by the Committee on Reference Catalyst of the Catalysis Society of Japan (Catalyst, 1986, vol. 28, No. 1). In
the present example, the precious metal was coated with alumina. Therefore, in order to sufficiently develop a process
prior to a process for reducing the precious metal, a temperature at which the reducing process was carried out was set
to be 500°C.
[0302] Table 3 shows (i) a result of the measurement of an exposed surface area, carried out for each of the powders
D, E, F, and G, by the foregoing method for measuring the exposed surface area of the precious metal, which measurement
was carried out before/after the high temperature durability process, and (ii) a reduction rate of the exposed surface
area of the precious metal through the high-temperature durability process, which reduction rate was calculated for each
of the powders D, E, F, and G, in accordance with the foregoing Formula (2).

[0303] Table 3 shows that each of the powder D in which the complex made of the cerium oxide and rhodium was
coated with lanthanum-containing alumina, the powder E in which the complex made of the cerium oxide and rhodium
was coated with lanthanum-containing alumina, and the powder F in which rhodium was coated with lanthanum-containing
alumina had a smaller exposed surface area of rhodium than that of the powder G in which rhodium was supported by
the impregnation by the pore filling method.
[0304] Here, the powders D, E, F, and G had the same amount of rhodium, but each of the powders D, E, and F had
a significantly smaller exposed surface area of rhodium than that of the powder G in which rhodium was supported by
the impregnation, before the powders D, E, F, and G were subjected to the durability process at a temperature at which
the rhodium particles aggregate together into larger blocks due to the sintering. This fact shows that the rhodium particles
were coated with alumina in each of the powders D, E, and F.
[0305] On the other hand, after the powders D, E, F, and G were subjected to the high-temperature durability process
at 950°C for 50 hours under the presence of an atmosphere, the powder G (in which rhodium was supported on lanthanum-
containing alumina by the impregnation by the pore filling method) had a smaller exposed surface area of rhodium, as
compared with the powder D (in which the complex made of the cerium oxide and rhodium was coated with lanthanum-
containing alumina), the powder E (in which the complex made of the cerium oxide and rhodium was coated with
lanthanum-containing alumina), and the powder F (in which only rhodium was coated with lanthanum-containing alumina)
(see Table 2).
[0306] Each of the powder D (in which complex made of the cerium oxide and rhodium was coated with lanthanum-
containing alumina), the powder E (in which complex made of the cerium oxide and rhodium was coated with lanthanum-
containing alumina), and the powder F (in which rhodium was coated with lanthanum-containing alumina) had a reduction
in exposed surface area of the precious metal through the high-temperature durability process. However, the reduction
rate of each of the powders D, E, and F was lower than that of the powder G in which rhodium was supported on
lanthanum-containing alumina by the impregnation by the pore filling method. That is, it was found that each of the
powders D, E, and F maintained its exposed surface area of the precious metal by inhibiting the sintering of the rhodium
particles.
[0307] In contrast, with the powder G in which rhodium was supported on lanthanum-containing alumina by the im-
pregnation, a reduction rate of the exposed surface area of rhodium was more than 87% through the high-temperature
durability process. That is, it was highly possible that the sintering of the rhodium particles was significantly developed.

<Production of exhaust gas purification catalyst (2)>

[0308] The exhaust gas purification catalyst produced in each of Examples 3 and 4, Reference Example 1, and

[Table 3]

Before high-temperature 
durability process [m2/g]

After high-temperature 
durability process [m2/g]

Reduction rate [%]

Powder D (Example 3) 13.3 8.6 35.6

Powder E (Example 4) 13.9 7.8 43.9

Powder F (Reference 
Example 1)

14.1 8.0 43.6

Powder G (Comparative 
Example 5)

33.9 4.3 87.2



EP 2 335 823 A1

33

5

10

15

20

25

30

35

40

45

50

55

Comparative Examples 5 through 7 (i.e. the powders D through I) was used so as to produce an exhaust gas purification
catalyst that further contained another component(s).

[Example 5]

[0309] Dinitro-diammine platinum aqueous solution (material of platinum), a palladium nitrate (material of palladium),
lanthanum (3% by mass)-containing alumina (material of alumina), a CeO2-ZrO2 composite oxide, and the powder D
were weighed so that a mass ratio of Pt: Pd: La2O3-Al2O3: CeO2-ZrO2: La2O3: powder D was adjusted to be 0.06: 0.2:
31.2: 30: 5.04: 4. Next, the materials were mixed with each other, and the mixed solution was agitated for 2 hours. Then,
the mixed solution was subjected to wet milling. A slurry D was thus obtained. The slurry D thus obtained was applied
to 0.92L of cordierite by washcoating so that 70.5g of the slurry D was provided per liter of cordierite after the slurry D
was baked at 500°C for 1 hour in the following step. After being dried at 150°C for 15 minutes, the slurry was baked at
500°C for 1 hour under the presence of an atmosphere. An exhaust gas purification catalyst D which contained, per liter
of the exhaust gas purification catalyst D, 0.06 g of Pt, 0.2 g of Pd, and 0.24 g of Rh, was thus obtained.

[Example 6]

[0310] An exhaust gas purification catalyst E was produced by the same method and by use of the same ratio of
materials as in Example 5, except that the powder E was used in place of powder D.

[Reference Example 2]

[0311] An exhaust gas purification catalyst F was produced by the same method and by use of the same ratio of
materials as in Example 5, except that the powder F was used in place of the powder D.

[Comparative Example 8]

[0312] An exhaust gas purification catalyst G was produced by the same method and by use of the same ratio of
materials as in Example 5, except that the powder G was used in place of the powder D.

<Evaluation of capability of exhaust gas purification catalyst>

[0313] A capability of each of the foregoing exhaust gas purification catalyst was evaluated by measuring (i) a tem-
perature (hereinafter, referred to as "T50" in some cases) at which an NOx purification percentage reached 50%, and
(ii) an oxygen absorption. The following description deals with how to measure the T50 and the oxygen absorption.

(Durability process)

[0314] Each of the catalysts of Examples 5 and 6, Reference Example 2, and Comparative Example 8 was placed 40
cm downstream from an exhaust hole of a 2.4-liter straight-six-cylinder engine, and a temperature of a catalyst bed was
set to be 950°C. A durability process was carried out under such a condition that (i) an A/F at a catalyst entry part was
14.6 (�4.0), and (ii) the engine was driven for 50 hours.

(Measurement of T50)

[0315] The T50 is a temperature at which the NOx purification percentage reached 50%. How to measure the T50 is
described below. Each of the exhaust gas purification catalysts that had been subjected to the durability process was
placed 30 cm downstream from an exhaust hole of a 3.0-liter six-cylinder MPI engine. Under the condition that (i) an
A/F was in a range of 14.1 to 15.1, and (ii) a frequency was 1.0Hz, the MPI engine was driven. As the engine was driven,
a temperature at the catalyst entry part was increased from 200°C to 500°C at a temperature increase rate of 50°C/
minute. As the temperature at the catalyst entry part was increased from 200°C to 500°C, the purification percentage
of each of CO, THC (Total Hydrocarbon, in terms of methane), and NOx was calculated. The temperature at which the
NOx purification percentage reached 50% was used as the T50.
[0316] Note that the "catalyst entry part" was an internal part of an exhaust pipe, which internal part has a space
provided (i) between an end surface of the placed catalyst on an exhaust gas inflow side and a plane 20 cm away from
the end surface toward the internal-combustion engine, and (ii) at the center of a cross-sectional shape of the exhaust
pipe. Note that the "temperature at the catalyst entry part" was a temperature measured at the position of the catalyst
entry part by use of a thermocouple. The lower the T50 is, the higher the catalyst capability of the exhaust gas purification
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catalyst is.

(Measurement of 50% purification temperature (T50))

[0317] Fig. 14 shows a result of the measurement of the 50% purification temperature (T50) in temperature rise
evaluation, which measurement was carried out for each of the catalysts D, E, F, and G.
[0318] As shown in Fig. 14, the exhaust gas purification catalyst containing the powder D or E, in which the complex
made of the cerium oxide and rhodium was coated with lanthanum-containing alumina had a lower 50% purification
temperature than that of the catalyst containing the powder F in which only rhodium was coated with lanthanum-containing
alumina or the powder G in which the rhodium nitrate was supported on lanthanum-containing alumina by the impreg-
nation. In other words, the catalyst containing the powder D or E had a higher catalyst capability than that of the catalyst
containing the powder F or G.

(Measurement of oxygen absorption)

[0319] The oxygen absorption was a value obtained in such a manner that (i) a ratio of a full length of an oxygen curve
at the catalyst entry part of the exhaust gas purification catalyst with respect to a full length of an oxygen curve at the
catalyst exit part of the exhaust gas purification catalyst was obtained, (ii) the ratio was subtracted from 1, and (iii) the
value thus obtained was multiplied by 100. The oxygen absorption can be obtained by use of the following Formula (4). 

[0320] The following description explains how to find the "oxygen curve at the catalyst exit part" and the "oxygen curve
at the catalyst entry part" in detail.
[0321] After the T50 was measured, the temperature at the catalyst entry part was set to be 400°C. As the MPI engine
was driven at an A/F in a range of 14.1 to 15.1 at a frequency of 0.5Hz, the oxygen concentration was measured per
0.1 second both at the catalyst entry part and at the catalyst exit part. Then, the temperature at the catalyst entry part
was set to be 400°C. As the MPI engine was driven at an A/F in a range of 13.6 to 15.6 at a frequency of 0.5Hz, the
oxygen concentration was measured per 0.1 second both at the catalyst entry part and at the catalyst exit part. Then,
the temperature at the catalyst entry part was set to be 500°C. Similarly, as the MPI engine was driven at an A/F in a
range of 14.1 to 15.1 or in a range of 13.6 to 15.6 at a frequency of 0.5Hz, the oxygen concentration was measured per
0.1 second both at the catalyst entry part and at the catalyst exit part. On the basis of the oxygen concentrations obtained
at the catalyst entry part under each of the conditions described above, a curve was obtained by use of a least square
method.
[0322] In a similar manner, on the basis of the oxygen concentrations obtained at the catalyst exit part, a curve was
obtained by use of the least square method. The obtained curves are hereinafter referred to as "oxygen curves". For
each of the oxygen curves thus obtained, a length defined by a time period from a time when 20 seconds elapsed since
the measurement start time to a time when 180 seconds elapsed since the measurement start time was obtained.
[0323] Specifically, the length L20 of the oxygen curve defined by the time period from the time when 20 seconds
elapsed since the measurement start time to the time when 20.1 seconds elapsed since the measurement start time
can be expressed by the following formula (5) by use of Pythagorean theorem, where "O20" is the oxygen concentration
at the catalyst entry part, obtained when 20 seconds elapsed since the measurement start time, and "O20.1" is the oxygen
concentration at the catalyst entry part, obtained when 20.1 seconds elapsed since the measurement start time. Note
that the length L20 of the oxygen curve is a positive value. 
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[0324] In the similar manner, it is possible to find a full length of the oxygen curve defined by the time period from the
time when 20 seconds elapsed since the measurement start time to the time when 180 seconds elapsed since the
measurement start time, by (i) finding the length of the oxygen curve per 0.1 second, and (ii) summing up the lengths
thus obtained from L20 to L179.9. That is, the full length of the oxygen curve at the catalyst entry part, defined by the time
period from the time when 20 seconds elapsed since the measurement start time to the time when 180 seconds elapsed
since the measurement start time, can be represented by the following formula (6). 

[0325] Similarly, the full length of the oxygen curve at the catalyst exit part, defined by the time period from the time
when 20 seconds elapsed since the measurement start time to the time when 180 seconds elapsed since the measure-
ment start time, can be obtained. Then, the oxygen absorption can be obtained by use of the foregoing Formula (4).
[0326] As the exhaust gas purification catalyst has a higher oxygen absorption ability, the full length of the oxygen
curve at the catalyst exit part, defined by the time period from the time when 20 seconds elapsed since the measurement
start time to the time when 180 seconds elapsed since the measurement start time, becomes shorter as compared with
that of the oxygen curve at the catalyst entry part, defined by the time period from the time when 20 seconds elapsed
since the measurement start time to the time when 180 seconds elapsed since the measurement start time. As a result,
the obtained value of the oxygen absorption becomes higher.

(Measurement of oxygen absorption)

[0327] Fig. 15 shows a result of the measurement of the oxygen absorption of the exhaust gas purification catalyst.
In Fig. 15, a horizontal axis indicates a temperature at the catalyst entry part (400°C, 500°C) and an air-fuel ratio fluctuation
range (�0.5: A/F = 14.1-15.1, �1.0: A/F = 13.6-15.6), and a vertical axis indicates an oxygen absorption (%).
[0328] As shown in Fig. 15, the exhaust gas purification catalyst containing the powder D or E, in which the complex
made of the cerium oxide and rhodium was coated with lanthanum-containing alumina, had a higher oxygen absorption
(%) than that of the exhaust gas purification catalyst containing the powder F in which only rhodium was coated with
lanthanum-containing alumina. Meanwhile, the exhaust gas purification catalyst containing the powder G in which rhodium
nitrate was supported on lanthanum-containing alumina by the impregnation exhibited a high oxygen absorption (%),
although the powder G had a structure which did not contain the complex made of the cerium oxide and rhodium, like
the powder F. It is believed that the exhaust gas purification catalyst containing the powder G has a high oxygen absorption.

<Production of exhaust gas purification catalyst (3)>

[0329] In order to check how the pore diameter and the pore volume influence the exhaust gas purification catalyst,
the following Examples, employing the pore diameter in a predetermined range and the pore volume in a predetermined
range, and the following Comparative Examples were carried out so that the present invention is further explained in
detail. Note that an alumina sol employed in the following Examples, Reference Examples, and Comparative Examples
contained nitric acid as a stabilizing agent.

(Measurement of pore size distribution)

[0330] Pore size distribution of each of the catalysts was produced by the following method, and was measured by a
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mercury penetration method (see "Catalyst Handbook", the Catalysis Society of Japan, Kodansha, 2008, Page 144).
[0331] Note that in order to distinguish the pores of the catalyst and the pores of the three-dimensional structure (such
as a cordierite carrier), the measurement was carried out after only the catalyst components were separated from the
three-dimensional structure.

[Example 7]

[0332] An alumina sol (material of alumina, serving as a coating material) which (i) contained NO3
- as a stabilizing

agent, and (ii) had a pH4, the alumina sol being stable in a range of pH3 to pH5, a rhodium nitrate aqueous solution
(material of rhodium), a lanthanum acetate (material of lanthanum), and a cerium (III) acetate (hereinafter, referred to
as "cerium acetate") (material of a cerium oxide) were weighed so that a mass ratio of alumina: rhodium: lanthanum
oxide: cerium oxide was adjusted to be 3.0: 0.06: 0.96: 1.2.
[0333] Next, the rhodium nitrate and the cerium acetate were mixed with each other, and the mixed solution was
added to the alumina sol. Immediately after the addition of the mixed solution, gelatification of the alumina sol was started
to be developed. A gel in which the rhodium oxide and the cerium acetate were coated with the alumina gel was thus
obtained. After the gel was agitated for 5 minutes, the lanthanum acetate was added to the gel. The mixed solution was
further agitated for 10 minutes. As a result, a gel j in which the rhodium nitrate and the cerium acetate were coated with
an alumina layer containing the lanthanum acetate was obtained. Here, a viscosity of the gel j was 12,800cP.
[0334] Then, the gel j, a zirconium oxide, a ceria-zirconia composite oxide, and alumina were weighed so that a mass
ratio of gel j: zirconium oxide: ceria-zirconia composite oxide: alumina was adjusted to be 5.22: 23.28: 30: 31.5. These
were subjected to wet milling so that a slurry was obtained. The slurry was applied to 0.875L of a cordierite carrier by
washcoating, dried at 150°C for 10 minutes, and then baked at 500°C for 1 hour. A catalyst J in which 78.75 g of a
catalyst component was coated was thus obtained. A pore volume and pore size distribution of the catalyst J were
measured. Table 4 shows a result of the measurement. Fig. 16 is a TEM photograph of the catalyst J.

[Example 8]

[0335] Aluminum isopropoxide (material of alumina, serving as a coating material), a rhodium nitrate aqueous solution
(material of rhodium), a lanthanum acetate (material of lanthanum), and a cerium acetate (material of a cerium oxide)
were weighed so that a mass ratio of alumina: rhodium: lanthanum oxide: cerium oxide was adjusted to be 11.45: 0.06:
0.96: 1.2.
[0336] The weighed aluminum isopropoxide was added to ethanol whose mass was equal to that of the weighed
aluminum isopropoxide, and the resultant solution was agitated for 10 minutes. Then, a mixed solution of the cerium
acetate and the rhodium nitrate aqueous solution was added to the aluminum isopropoxide/ethanol solution.
[0337] Next, the lanthanum acetate was dispersed in water whose mass was equal to a mass necessary for hydrolysis
reaction of the weighed aluminum isopropoxide, and the dispersion solution thus obtained was added to the aluminum
isopropoxide/ethanol/rhodium nitrate/cerium acetate solution. The mixed solution was agitated for 2 hours so that a gel
was obtained. The gel thus obtained was dried at 120°C for 8 hours, and the dried object was baked at 500°C for 1 hour
under the presence of an atmosphere. Powder k in which the complex made of the cerium oxide and rhodium was coated
with lanthanum-containing alumina was thus obtained.
[0338] The powder k, a zirconium oxide, a ceria-zirconia composite oxide, and alumina were weighed so that a mass
ratio of powder k: zirconium oxide: ceria-zirconium composite oxide: alumina was adjusted to be 13.67: 23.28: 30: 23.05.
These were subjected to wet milling so that a slurry was obtained. The slurry was applied to 0.875L of a cordierite carrier
by washcoating, dried at 150°C for 10 minutes, and then baked at 500°C for 1 hour under the presence of an atmosphere.
A catalyst K in which 78.75 g of the catalyst component was coated was thus obtained. A pore volume and pore size
distribution of the catalyst K were measured. Table 4 shows a result of the measurement.

[Reference Example 3]

[0339] An alumina sol (material of alumina, serving as a coating material) which was identical with the one used in
Example 7, a rhodium nitrate aqueous solution (material of rhodium), a lanthanum acetate (material of lanthanum), and
a cerium acetate (material of a cerium oxide) were weighed so that a mass ratio of alumina: rhodium: lanthanum oxide:
cerium oxide was adjusted to be 11.45: 0.06: 0.96: 1.2.
[0340] Next, the rhodium nitrate and the cerium acetate were mixed with each other, and the mixed solution was
added the alumina sol. Immediately after the addition of the mixed solution, the gelatification of the alumina sol was
started to be developed. A gel in which the rhodium nitrate and the cerium acetate were coated with the alumina gel
was thus obtained. The gel was agitated for 5 minutes. Then, the lanthanum acetate was added to the gel, and the
resultant solution was further agitated for 10 minutes. A gel I in which the rhodium nitrate and the cerium acetate were
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coated with an alumina layer that contains the lanthanum acetate was thus obtained. Here, a viscosity of the gel I was
21,600cP.
[0341] Next, the gel I, a zirconium oxide, a ceria-zirconia composite oxide, and alumina were weighed so that a mass
ratio of gel I: zirconium oxide: ceria-zirconia composite oxide: alumina was adjusted to be 13.67: 23.28: 30: 23.05. These
were subjected to wet milling so that a slurry was obtained. The slurry was applied to 0.875L of a cordierite carrier by
washcoating, dried at 150°C for 10 minutes, and then baked at 500°C for 1 hour under the presence of an atmosphere.
A catalyst L in which 78.75g of the catalyst component was coated was thus obtained. A pore volume and pore size
distribution of the catalyst L were measured. Table 4 shows a result of the measurement. Fig. 17 is a TEM photograph
of the catalyst L.

[Comparative Example 9]

[0342] Lanthanum oxide (3% by mass)-containing alumina (material of alumina, serving as a coating material), a
rhodium nitrate aqueous solution (material of rhodium), a zirconium oxide, and a ceria-zirconia composite oxide were
weighed so that a mass ratio of alumina: rhodium: zirconium oxide: ceria-zirconia composite oxide was adjusted to be
35.34: 0.06: 20: 34.
[0343] Next, these materials were subjected to wet milling so that a slurry was obtained. The slurry was applied to
0.875L of a cordierite carrier by washcoating, dried at 150°C for 10 minutes, and then baked at 500°C for 1 hour under
the presence of an atmosphere. A catalyst M in which 78.75 g of a catalyst component was coated was thus obtained.
A pore volume and pore size distribution of the catalyst M were measured. Table 4 shows a result of the measurement.

[0344] Note that in table 4, "A nm-B nm" mans that "not less than A nm but less than B nm". That is, "-160 nm" means
"less than 160 nm", "160 nm-200 nm" means "not less than 160 nm but less than 200 nm", and "1000 nm-" means "not
less than 1000 nm". This also applies to the following Table 6.

<Durability process>

[0345] Each of the catalysts of Examples 7 and 8, Reference Example 3, and Comparative Example 9 was placed 40
cm downstream from an exhaust hole of a 3.0-liter straight-six-cylinder engine, and a catalyst bed temperature was set
to be 1000°C. Under such a condition that an A/F at the catalyst entry part was 14.6 (�4.0), the engine was driven for
48 hours. The durability process was thus carried out.

<Evaluation of capability of exhaust gas purification catalyst>

[0346] Each of the catalysts that had been subjected to the durability process was placed 30 cm downstream from
an exhaust hole of a 2.4-liter straight-six-cylinder engine, and the catalyst bed temperature was set to be 500°C. Under
such a condition that (i) an A/F was in a range of 14.1 to 15.1, (ii) an A/F amplitude was �0.5 or �1.0, and (iii) a frequency
was 0.5Hz, the engine was driven. As the engine driven, an exhaust gas emitted from the catalyst exit part was contin-
uously sampled. Each of the purification percentages of CO, THC, and NOx was thus calculated. Here, for evaluation
of the catalyst capability of each of the exhaust gas purification catalysts, the purification percentage was calculated (i)
at a CO-NOx crossover point which was an intersection between a CO purification percentage curve with respect to the
A/F value, and an NOx purification percentage curve with respect to the A/F value, and (ii) at a THC-NOx crossover

[Table 4]

Catalyst J K L M

Contained ratio of pores (%) -160 nm 77.91 80.26 98.14 90.85

160nm-200 nm 2.24 2.30 0.09 0.62

200 nm-400 nm 8.99 8.17 0.32 1.85

400 nm-600 nm 3.63 3.05 0.09 0.71

600 nm-800 nm 1.23 1.02 0.00 0.26

800 nm-1000 nm 1.26 0.75 0.00 0.28

1000 nm- 4.75 4.45 1.36 5.43

Total pore volume (mL/g) 0.6039 0.5998 0.4345 0.4656
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point which was an intersection between a THC purification curve with respect to the A/F value and the NOx purification
percentage curve. Table 5 shows a result of the calculation.

[0347] As shown in Table 5, each of the catalyst J of Example 7 and the catalyst K of Example 8 had a higher purification
percentage at the crossover point than that of each of the catalyst L of Reference Example 3 and the catalyst M of
Comparative Example 9.

<Production of exhaust gas purification catalyst (4)>

[Example 9]

[0348] An alumina sol (material of alumina, serving as a coating material) which was identical with the one used in
Example 7, a palladium nitrate aqueous solution (material of palladium), a lanthanum acetate (material of lanthanum),
and a cerium acetate (material of a cerium oxide) were weighed so that a mass ratio of alumina: palladium: lanthanum
oxide: cerium oxide was adjusted to be 15.4: 2: 1.6: 4.
[0349] Next, the palladium nitrate and the cerium acetate were mixed with each other, and the mixed solution was
added to the alumina sol. Immediately after the addition of the mixed solution, gelatification of the alumina sol was started
to be developed. A gel in which the palladium nitrate and the cerium acetate were coated with the alumina gel was thus
obtained. The gel was agitated for 5 minutes. Then the lanthanum acetate was added to the gel, and the resultant
solution was further agitated for 10 minutes. A gel n in which the palladium nitrate and the cerium acetate were coated
with an alumina layer that contains the lanthanum acetate was thus obtained. Here, a viscosity of the gel n was 35,600cP.
[0350] Next, a palladium nitrate, the gel n, a ceria-zirconia composite oxide, alumina, and a barium oxide were weighed
so that a mass ratio of the palladium nitrate: gel n: ceria-zirconia composite oxide: alumina: barium oxide was adjusted
to be 2.4: 23: 50: 47: 12. These were subjected to wet milling so that a slurry was obtained. The slurry was applied to
0.875L of cordierite carrier by washcoating, dried at 150°C for 10 minutes, and then baked at 500°C for 1 hour under
the presence of an atmosphere. A catalyst N in which 117.6 g of a catalyst component was coated was thus obtained.
A pore volume and pore size distribution of the catalyst N were measured. Table 6 shows a result of the measurement.

[Reference Example 4]

[0351] A gel o in which a palladium nitrate and a cerium acetate were coated with an alumina layer that contained a
lanthanum acetate was obtained in the same manner as in Example 9, except that a mass ratio of alumina: palladium:
lanthanum oxide: cerium oxide was adjusted to be 30.8: 2: 3.2: 4. Next, the gel o was dried at 150°C for 8 hours, and
baked at 500°C for 1 hour under the presence of an atmosphere. Powder o’ was thus obtained.
[0352] Next, a palladium nitrate, the powder o’, a ceria-zirconia composite oxide, alumina, and a barium oxide were
weighed so that a mass ratio of palladium nitrate: powder o’: ceria-zirconia composite oxide: alumna: barium oxide was
adjusted to be 2.4: 23: 50: 47: 12. These were subjected to wet milling so that a slurry was obtained. The slurry was
applied to 0.875L of a cordierite carrier by washcoating, dried at 150°C for 10 minutes, and baked at 500°C for 1 hour
under the presence of an atmosphere. A catalyst O in which 117.6 g of a catalyst component was coated was thus
obtained. A pore volume and pore size distribution of the catalyst O were measured. Table 6 shows a result of the
measurement.

[Comparative Example 10]

[0353] The materials identical with those of Example 9 were weighed so that a mass ratio of palladium: cerium oxide:
lanthanum oxide: ceria-zirconia composite oxide: alumina: barium oxide was adjusted to be 4.4: 4: 3.2: 50: 60.8: 12.

[Table 5]

CO-NOx (%) THC-NOx (%)

Catalyst Amplitude (�0.5) Amplitude (�1.0) Amplitude (�0.5) Amplitude (�1.0)

J 86.94 87.77 86.25 87.77

K 88.03 89.37 87.65 89.37

L 86.05 84.81 77.96 80.49

M 85.42 85.45 78.28 80.60
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These were subjected to wet milling so that a slurry was obtained. The slurry thus obtained was applied to 0.875L of a
cordierite carrier by washcoating, dried at 150°C for 10 minutes, and baked at 500°C for 1 hour under the presence of
an atmosphere. A catalyst P in which 117.6 g of a catalyst component was coated was thus obtained. A pore volume
and pore size distribution of the catalyst P were measured. Table 6 shows a result of the measurement.

<Durability process>

[0354] Each of the catalysts of Example 9, Reference Example 4, and Comparative Example 10 was placed 40 cm
downstream from an exhaust hole of a 3.0-liter straight-six-cylinder engine, and a catalyst bed temperature was set to
be 1000°C. Under such a condition that an A/F at the catalyst entry part was 14.6 (�4.0), the engine was driven for 24
hours. A durability process was thus carried out.

<Evaluation of capability of exhaust gas purification catalyst>

[0355] Each of the catalysts that had been subjected to the durability process was placed 30 cm downstream from
an exhaust hole of a 2.4-liter straight-six-cylinder engine, and a catalyst bed temperature was set to be 400°C. Under
such a condition that (i) an A/F was in a range of 14.1 to 15.1, (ii) an A/F amplitude was �0.5 or �1, and (iii) a frequency
was 0.5Hz, an exhaust gas emitted from the catalyst exit part was continuously sampled. Each of purification percentages
of CO, THC, and NOx was thus worked out. Here, for evaluation of the catalyst capability of each of the exhaust gas
purification catalysts, the purification percentage was calculated (i) at a CO-NOx crossover point which was an intersection
between a CO purification percentage curve with respect to the A/F value and an NOx purification curve with respect to
the A/F value, and (ii) at a THC-NOx crossover point which was an intersection between the THC purification percentage
curve with respect to the A/F value and the NOx purification percentage curve. Table 7 shows a result of the calculation.

<Measurement of T50>

[0356] Each of the catalysts that had been subjected to the durability process was placed 30 cm downstream from
an exhaust hole of a 2.4-liter straight-six-cylinder engine. Under such a condition that (i) the A/F was in a range of 14.1
to 15.1, and (ii) a frequency was 1.0Hz, the engine was driven. As the engine was driven, a temperature at the catalyst
entry part was increased from 200°C to 500°C at a temperature increase speed of 50°C/minute. Here, each of the
purification percentages of CO, THC, and NOx was calculated, and a temperature (T50) at which the corresponding
purification percentage reached 50% was found.

[Table 6]

Catalyst N O P

Contained ratio of pores (%)

-160 nm 88.54 95.42 96.81

160 nm-200 nm 0.86 0.38 0.52

200 nm-400 nm 3.79 0.74 0.86

400 nm-600 nm 2.22 0.18 0.22

600 nm-800 nm 1.11 0.08 0.07

800 nm-1000 nm 1.03 0.03 0.02

1000 nm- 2.44 3.17 1.48

Total pore volume (mL/g) 0.4058 0.3909 0.4047

[Table 7]

CO-NOx (%) THC-NOx (%)

Catalyst Amplitude (�0.5) Amplitude (�1.0) Amplitude (�0.5) Amplitude (�1.0)

N 99.50 99.39 96.08 97.12

O 99.04 98.30 94.98 96.62

P 99.22 98.88 95.20 96.88
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[0357] Note that the "catalyst entry part" is an internal part of an exhaust pipe, which internal part has a space provided
(i) between an end surface of the placed catalyst on an exhaust gas inflow side and a plane 20 cm away from the end
surface toward the internal-combustion engine, and (ii) at the center of a cross-sectional shape of the exhaust pipe.
Further, the "temperature at the catalyst entry part" is a temperature measured at the catalyst entry part by use of a
thermocouple. The lower the T50 is, the higher catalyst capability of the exhaust gas purification catalyst is.
[0358] Table 8 shows a result of the measurement of T50. As shown in Table 8, the catalyst N of Example 9 had a
lower T50 than that of each of the catalyst O of Reference Example 4 and the catalyst P of Comparative Example 9.
That is, it was confirmed that the catalyst N exhibited a higher catalyst capability even after the durability process.

[0359] The present invention is not limited to the description of the embodiments above, but may be altered by a skilled
person within the scope of the claims. An embodiment based on a proper combination of technical means disclosed in
different embodiments is encompassed in the technical scope of the present invention.

Industrial Applicability

[0360] An exhaust gas purification catalyst of the present invention can efficiently purify an exhaust gas emitted from
an internal-combustion engine, even at a high temperature. Therefore, the present invention is widely applicable to a
general industry employing the internal-combustion engine, such as an automobile, a railway, a ship and a vessel, an
airplane, and other various industrial apparatuses.
[0361] Reference Signs List

1: Lanthanum
2: Alumina
3: Rhodium
4: Rhodium that has been mixed in alumina and has formed
a solid solution in combination with alumina
1’: Lanthanum-containing alumina
2’: Precious metal
3’ Cerium oxide
4’: Compound

Claims

1. An exhaust gas purification catalyst comprising:

at least a precious metal coated with lanthanum-containing alumina.

2. The exhaust gas purification catalyst as set forth in claim 1, wherein:
the exhaust gas purification catalyst keeps containing the precious metal coated with lanthanum-containing alumina,
even after the exhaust gas purification catalyst is exposed to an oxygen-excess gas having a temperature in a range
of 950°C to 1000°C.

3. The exhaust gas purification catalyst as set forth in claim 2, wherein:

an exposed surface area of the precious metal is reduced or unchanged in a case where the exhaust gas
purification catalyst is exposed to said gas.

4. The exhaust gas purification catalyst as set forth in claim 2 or 3, wherein:

[Table 8]

Catalyst CO (°C) THC (°C) NOx (°C)

N 360 361 360

O 358 364 361

P 370 375 373



EP 2 335 823 A1

41

5

10

15

20

25

30

35

40

45

50

55

20% or less of the precious metal in atomic ratio is mixed into alumina to form a solid solution of alumina and
the precious metal after the exhaust gas purification catalyst is exposed to said gas.

5. The exhaust gas purification catalyst as set forth in any one of claims 1 through 4, further comprising:

platinum and/or palladium.

6. The exhaust gas purification catalyst as set forth in claim 1, wherein:

a complex made of the precious metal and a cerium oxide is coated with lanthanum-containing alumina.

7. The exhaust gas purification catalyst as set forth in claim 6, wherein:
a compound made of the precious metal and cerium is formed at an interface between the precious metal and the
cerium oxide in the complex.

8. The exhaust gas purification catalyst as set forth in claim 7, wherein:

an amount of the cerium oxide contained in the complex is greater than an amount of the compound contained
in the complex.

9. The exhaust gas purification catalyst as set forth in any one of claims 6 through 8, wherein:
the amount of the cerium oxide contained in the complex is in a range of 1% by mass to 30% by mass with respect
to a total amount of the precious metal, the cerium oxide, lanthanum, and alumina, each of which is contained in
the exhaust gas purification catalyst.

10. The exhaust gas purification catalyst as set forth in any one of claims 6 through 9, wherein:

the exhaust gas purification catalyst keeps containing the complex coated with lanthanum-containing alumina,
even after the exhaust gas purification catalyst is exposed to an exhaust gas having a temperature in a range
of 950°C to 1000°C, the exhaust gas being emitted from an internal-combustion engine.

11.  The exhaust gas purification catalyst as set forth in claim 10, wherein:

in a case where the exhaust gas purification catalyst is exposed to said gas, an exposed surface area of the
precious metal is reduced by a percentage in a range of 0% to 87% with respect to an exposed surface area
of the precious metal before the exposure of the exhaust gas purification catalyst to the foregoing gas.

12. The exhaust gas purification catalyst as set forth in claim 11, wherein:

an oxygen absorption of the exhaust gas purification catalyst is within a range of 30% to 100%.

13. The exhaust gas purification catalyst as set forth in any one of claims 6 through 12, further comprising:

platinum and/or palladium, neither of which is coated with lanthanum-containing alumina.

14. The exhaust gas purification catalyst as set forth in claim 6, wherein:

a pore volume of pores of not less than 160 nm but less than 1000 nm in diameter accounts for 5% to 20% in
a total pore volume of the exhaust gas purification catalyst.

15. The exhaust gas purification catalyst as set forth in claim 14, wherein:

a pore volume of pores of less than 160 nm in diameter accounts for 70% to 90% in the total pore volume of
the exhaust gas purification catalyst.

16. The exhaust gas purification catalyst as set forth in any one of claims 1 through 15, wherein:

the exhaust gas purification catalyst is supported on a three-dimensional structure.
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17. The exhaust gas purification catalyst as set froth in any one of claims 1 through 16, further comprising:

a fire-resistant inorganic oxide.

18. The exhaust gas purification catalyst as set forth in claim 17, wherein:

a melting point of the fire-resistant inorganic oxide is not less than 1000°C.

19. The exhaust gas purification catalyst as set forth in any one of claims 1 through 18, further comprising:

a cerium oxide and/or a ceria-zirconia composite oxide, neither of which is coated with lanthanum-containing
alumina.

20. The exhaust gas purification catalyst as set forth in any one of claims 1 through 19, wherein:

the precious metal coated with lanthanum-containing alumina is rhodium.

21. A method for purifying an exhaust gas, the method comprising the step of:

exposing an exhaust gas purification catalyst as set forth in any one of claims 1 through 20 to an exhaust gas
emitted from an internal-combustion engine.

22. A method for purifying an exhaust gas, the method comprising the steps of:

(i) exposing an exhaust gas purification catalyst as set forth in claim 14 or 15 to another exhaust gas having (I)
a temperature in a range of 800°C to 1000°C and (II) an air-fuel ratio in a range of 10 to 18.6; and
(ii) exposing, after the step (i), the exhaust gas purification catalyst to the exhaust gas which (1) has a temperature
in a range of 0°C to 750°C, and (2) is emitted from an internal-combustion engine.

23. A method for producing an exhaust gas purification catalyst as set forth in any one of claims 6 through 15, the
method comprising the step of:

producing a gel in which a complex made of a precious metal and a cerium oxide is coated with a lanthanum-
containing alumina gel.

24. The method as set forth in claim 23, the method further comprising the steps of:

turning, into a slurry, the gel in which the complex made of the precious metal and the cerium oxide is coated
with the lanthanum-containing alumina gel;
coating a three-dimensional structure with the slurry by washcoating; and
drying and baking the three-dimensional structure which is coated with the slurry.
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