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Description

[0001] The present invention relates to an adsorbent for a hydrocarbon. Further, the present invention relates to a
catalyst for removing nitrogen oxide in an exhaust gas discharged from an internal combustion engine of e.g. an au-
tomobile, and a method for purifying an exhaust gas.
[0002] For purification of an exhaust gas containing hydrocarbons discharged from an internal combustion engine
of e.g. an automobile, a method has been practically used in which a three way catalyst is contacted with the exhaust
gas. However, when the exhaust gas temperature is low at the start up of an engine, the hydrocarbons are likely to be
discharged as they are i.e. without being purified by the catalyst.
[0003] Therefore, for purification of hydrocarbons from an exhaust gas at a low temperature, JP-A-2-135126 pro-
poses an exhaust gas-purifying apparatus employing an adsorbent for hydrocarbons, having at least one metal sup-
ported on a part of a monolithic substrate having Y-type zeolite and mordenite-structured zeolite coated thereon, for
the purpose of adsorbing and purifying hydrocarbons. Further, many other adsorbents for hydrocarbons have been
proposed wherein zeolites are used as constituting components.
[0004] For example, JP-A-5-31359 proposes a zeolite having SiO2/Al2O3 molar ratio of at least 40; JP-A-7-213910
proposes at least one zeolite selected from the group consisting of a mordenite, β-type zeolite and ZSM-5, having a
SiO2/Al2O3 molar ratio of from 50 to 2000, and USY having a SiO2/Al2O3 molar ratio of from 50 to 300; JP-A-8-10566
proposes a zeolite selected from ZSM-5, USY and β-type zeolite, having a SiO2/Al2O3 molar ratio of at least 40; and
JP-A-8-224449 proposes a zeolite having a weight ratio of silica to alumina of larger than 300, wherein a preferred
zeolite is ZSM-5, zeolite Y, ZSM-11, β-type zeolite or silicalite.
[0005] Further, JP-A-8-229386 discloses a β-type zeolite prepared by adding seed crystals of β-type zeolite to a
mixed gel, followed by heating at a mild temperature rising rate of from about 28 to 55°C/hr, and JP-A-9-38485 proposes,
as a constituting component for an adsorbent for hydrocarbons, a β-type zeolite which has been subjected to aluminum-
removing treatment so that the residual aluminum is less than 20%, whereby the degree of aluminum removal is set
so that the specific surface area is maintained at a level of at least 500 m2/g.
[0006] Each of such methods for adsorbing and removing hydrocarbons by means of these adsorbents, is one where-
in a hydrocarbon contained in an exhaust gas is once adsorbed on an adsorbent at a low temperature during the start
up of an engine and kept adsorbed to a temperature at which an exhaust gas-purifying catalyst will operate, and the
hydrocarbon desorbed from the adsorbent in a temperature range higher than said temperature, is purified by the
exhaust gas-purifying catalyst.
[0007] At present, nitrogen oxide, carbon monoxide and hydrocarbons, which are hazardous to human bodies, in an
exhaust gas discharged from a gasoline engine, are removed by a three way catalyst having Pt, Pd or Rh included on
a support. In recent years, it has been attempted to disseminate a gasoline engine of a lean-burn system or a direct
injection type combustion system or a diesel engine in order to reduce the discharge of carbon dioxide in view of a
resource problem or an environmental problem due to warming up of the earth. The exhaust gas from such an engine
contains excessive oxygen, and it is accordingly difficult to remove nitrogen oxide by a conventional three way catalyst.
[0008] As a method for removing nitrogen oxide from an exhaust gas containing excessive oxygen, there has here-
tofore been known a method for selective reduction on V2O5/TiO2 wherein ammonia is used as a reducing agent, or
a method for absorption into an alkaline solution. However, ammonia is a poisonous substance as designated by law
and is highly dangerous, and it is difficult to apply such a method to an automobile which is a mobile source. On the
other hand, it is difficult to apply the absorption method to a mobile source such as a common automobile, from the
viewpoint of the operation efficiency in e.g. supplementation or treatment of the alkaline solution.
[0009] For purification of an exhaust gas in an excessive oxygen state, many exhaust gas-purifying catalysts have
been proposed, including an exhaust gas-purifying catalyst consisting of a zeolite ion-exchanged with at least one
metal selected from Pt, Pd, Rh, Ir and Ru (JP-A-1-135541). The catalyst proposed in JP-A-1-135541, is one which
reduces and removes nitrogen oxide by means of a reducing gas such as hydrogen or hydrocarbons contained in the
exhaust gas.
[0010] Further, for the purpose of removing nitrogen oxide in an exhaust gas and suppressing discharge of hydro-
carbons, it has been proposed that a hydrocarbon in an exhaust gas is adsorbed on an adsorbent at a low temperature,
and by utilizing the hydrocarbon which desorbs from the adsorbent as the exhaust gas temperature rises, the perform-
ance for the removal of nitrogen oxide is further improved. The following catalysts have heretofore been proposed as
exhaust gas-purifying catalysts, wherein an adsorbent for a hydrocarbon and a nitrogen oxide-removing catalyst are
used in combination.
[0011] JP-A-2-56247 proposes an exhaust gas-purifying catalyst having a first catalyst layer composed mainly of a
zeolite formed on a substrate and a second catalyst layer composed mainly of a noble metal catalyst having an redox
ability formed thereon, as a catalyst whereby a hydrocarbon is selectively adsorbed on the zeolite in a cold state and
in an air/fuel ratio rich state, and the hydrocarbon which is desorbed from the zeolite as the exhaust gas temperature
rises, and nitrogen oxide, carbon monoxide and hydrocarbons in the exhaust gas are purified. JP-A-5-293380 proposes
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an exhaust gas-purifying catalyst comprising a catalyst containing at least Pt on porous material and on aluminosilicate,
which has solid acidity and molecular sieve function, containing at least one metal selected from alkali metals and
alkaline earth metals.
[0012] Further, JP-A-8-24655 proposes an exhaust gas-purifying catalyst prepared by mixing a hydrocarbon adsorb-
ent which adsorbs a hydrocarbon in an exhaust gas and desorbs the adsorbed hydrocarbon at a temperature higher
than a certain level, with a NOx catalyst having a metal supported on a crystalline metal-containing silicate, which
purifies nitrogen oxide in the exhaust gas in the presence of a hydrocarbon; and JP-A-8-164338 proposes an exhaust
gas-purifying catalyst, wherein a hydrocarbon adsorbent made of an inorganic crystalline molecular sieve, is supported
on a substrate, a first catalyst layer comprising Pd as a catalyst metal is formed on the surface of the hydrocarbon
adsorbent particles, a rare earth oxide layer composed mainly of a rare earth oxide, is formed on the first catalyst layer,
and a second catalyst layer comprising at least one of Pt and Rh as a catalyst, is formed on the rare earth oxide layer.
[0013] Further, JP-A-9-872 proposes an exhaust gas-purifying system wherein an adsorbent having a hydrocarbon-
adsorbing ability and a cold ignition catalytic composition comprising a noble metal and a material having electron
donative and/or nitrogen dioxide absorptive and desorptive activities, are disposed in an exhaust pipe of an internal
combustion engine.
[0014] In recent years, an attention has been drawn to a problem of environmental pollution due to discharge of
hydrocarbons, and it is desired to improve the technology for removing such hydrocarbons.
[0015] When a zeolite is used as an adsorbent, the adsorption characteristics of a hydrocarbon are influenced sub-
stantially by the type of the hydrocarbon and the matrix structure of the zeolite. With respect to the adsorption charac-
teristics of a hydrocarbon having a small carbon number, as the molecular diameter is small, its diffusion and migration
into zeolite pores are easy, and adsorption is likewise easy. However, due to the easiness in migration of the hydro-
carbon, desorption also tends to be easy, and purification tends to be inadequate, since the hydrocarbon tends to be
desorbed at a temperature lower than the temperature at which the catalyst for purifying the hydrocarbon, represented
by the three way catalyst, will operate. On the other hand, with respect to the adsorption characteristics of a hydrocarbon
having a large carbon number, a hydrocarbon having a molecular diameter larger than the pore diameter of the zeolite,
can hardly diffuse or migrate into the pores, whereby the pores of the zeolite can not function sufficiently as adsorption
sites. Thus, the amount of the hydrocarbon adsorbed decreases, and the hydrocarbon will be discharged as it is i.e.
without being adequately purified.
[0016] With respect to the adsorbents which have been proposed heretofore, studies have been made on adsorption
characteristics for lower hydrocarbons such as ethylene and propylene or aromatic compounds such as toluene and
hydrocarbons discharged from gasoline engines. However, details of adsorption characteristics relating to hydrocar-
bons having at least 7 carbon atoms, particularly hydrocarbons such as straight chain paraffins and polycyclic aromatic
compounds, as constituting components of light oil, have not yet clearly been understood.
[0017] Further, the exhaust gas-purifying catalyst proposed as described above, exhibits some improvement in the
nitrogen oxide removal activity by an adsorbed hydrocarbon, by the combination with the adsorbent for a hydrocarbon,
but such an effect has been inadequate, and further improvement in the performance has been desired.
[0018] Further, the temperature of an exhaust gas from an internal combustion engine is possible to reach a level
of at least 600°C. Accordingly, the adsorbent for a hydrocarbon and the exhaust gas-purifying catalyst are required to
have high thermal resistance, so that the adsorption performance and the purifying activity will not decrease even when
the adsorbent and the exhaust gas-purifying catalyst are exposed to such a high temperature.
[0019] The document EP-A-0 523 829 describes the use of highly cristalline zeolites β for adsorption of cyclohexane
and n-hexane.
[0020] It is an object of the present invention to solve the above mentioned problems of the prior art and to provide
an adsorbent which has a high ability of adsorbing a hydrocarbon and which has sufficient thermal resistance, and a
method for adsorbing and removing a hydrocarbon contained in a gas, by means of such an adsorbent.
[0021] Another object of the present invention is to provide an exhaust gas-purifying catalyst employing the adsorbent
of the present invention and a nitrogen oxide-removing catalyst, and a method for purifying an exhaust gas.
[0022] The present inventors have conducted an extensive study on the above problems and as a result, have found
that an adsorbent for a hydrocarbon, comprising a β-type zeolite having high crystallinity, has high thermal resistance,
and an exhaust gas-purifying catalyst comprising a combination of such an adsorbent and a catalyst which is excellent
in durability and a nitrogen oxide-removing performance, has a high nitrogen oxide-removing activity and is excellent
in durability with little decrease in the activity even after being exposed to a high temperature. The present invention
has been accomplished on the basis of this discovery.
[0023] Namely, the present invention provides an adsorbent for a hydrocarbon, comprising a calcined β-type zeolite
showing a powder X-ray diffraction such that the sum of X-ray diffraction intensities at lattice spacings d = 1.15 ± 0.03
nm and d = 0.397 ± 0.01 nm, is at least 90 % of the diffraction intensity at d = 0 346 ± 0.01 nm of Catalysis Society
reference catalyst JRC-Z-HM-20(3),

wherein the zeolite is a β-type zeolite which is obtainable by contacting a powdery starting material composition
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having a chemical composition represented by the following molar ratios of oxides:

SiO2/Al2O3 = 10 to 1000
M2O/SiO2 = 0 to 0.4
TEA2O/SiO2 = 0.1 to 1.0

wherein M is an alkali metal, and TEA is tetraethylammonium, and being dried at a temperature of at least 50°C,
with steam spontaneously formed at a temperature of from 80 to 200°C, without contacting it with water of a liquid phase.
[0024] The present invention also provides a method for adsorbing and removing a hydrocarbon in a gas phase,
which comprises contacting the adsorbent for a hydrocarbon with the gas phase, wherein

said adsorbent for a hydrocarbon, comprising a calcined β-type zeolite shows a powder X-ray diffraction such
that the sum of X-ray diffraction intensities at lattice spacings d = 1.15 ± 0.03 nm and d = 0.397 ± 0.01 nm, is at least
90 % of the diffraction intensity at d = 0.346 ± 0.01 nm of Catalysis Society reference catalyst JRC-Z-HM-20(3), and

the hydrocarbon to be adsorbed and removed is a straight chain paraffin having at least 7 carbon atoms, a straight
chain olefin having at least 7 carbon atoms, and/or a polycyclic aromatic compound.
[0025] Further, the present invention provides an exhaust gas-purifying catalyst comprising such an adsorbent for
a hydrocarbon and a nitrogen oxide-removing catalyst having an active metal contained in a porous material support.
[0026] Still further, the present invention provides a method for purifying an exhaust gas, which comprises contacting
such an exhaust gas-purifying catalyst with the exhaust gas.
[0027] Now, the present invention will be described in detail with reference to the preferred embodiments.
[0028] It is essential that the adsorbent for a hydrocarbon of the present invention comprises a β-type zeolite. The
β-type zeolite has a composition represented by the formula:

wherein n is an atomic valence of cation M, x is a number within a range of from 0 to 2.5, y is a number of at least 1,
and z is a number of at least 0. The structure is disclosed in ZEOLITES, 12(5) 58-59 (1992) and JP-A-5-201722, and
it is known as a zeolite having 12-membered ring pores and having a crystal structure represented by the X-ray dif-
fraction as shown in Table 1.

[0029] The β-type zeolite constituting the adsorbent of the present invention is required to have a crystallinity such
that the sum of X-ray diffraction intensities at lattice spacings d=1.15 ± 0.03 nm and d=0.397 ± 0.01 nm in the powder
X-ray diffraction, is at least 90% of the diffraction intensity at d=0.346±0.01 nm of Catalysis Society reference catalyst
JRC-Z-HM-20(3), in a state after calcination to remove an organic compound incorporated during the preparation of
the zeolite. The crystallinity of a zeolite can usually be evaluated by X-ray diffraction. In general, the crystallinity by X-
ray diffraction can be evaluated by the peak intensity (height) of a detected diffraction peak and the peak area. When
the crystallinity of zeolite is high, the detection intensities of diffraction peaks attributable to the zeolite are high, and
when the crystallinity is low in a case where impurities such as amorphous components are co-existent, the diffraction
peaks tend to be small. Namely, the β-type zeolite of the present invention contains substantially no impurities such
as amorphous components and has high crystallinity, whereby the adsorption capacity increases, and the thermal
resistance is improved.
[0030] The SiO2/Al2O3 molar ratio of the β-type zeolite is not particularly limited, but it is preferably from 10 to 1000,
more preferably from 20 to 500, in order to increase the thermal resistance and the adsorption characteristics for a
hydrocarbon.
[0031] Further, the crystal particle size of the β-type zeolite to be used in the present invention, is not particularly

Table 1

Lattice spacings (d: nm) Relative intensity

1.15 ± 0.03 Fairly strong
0.74 ± 0.02 Weak
0.66 ± 0.015 Weak
0.415 ± 0.01 Weak
0.397 ± 0.01 Very strong
0.3 ± 0.007 Weak
0.205 ± 0.005 Weak

xMn/2O·Al2O3·ySiO2·zH2O
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limited. However, in order to increase the thermal resistance, it is preferred that the average particle size is from 3 to
10 µm, and the zeolite has a particle size distribution such that particles of at least 1 µm constitutes at least 80%. The
particle size of the zeolite can be measured by an analytical instrument such as an electron microscope or a Caulter
counter, and it can be evaluated by a gauss-type distribution represented by the occupying proportion of particles with
particle sizes within a described range, and the average particle size calculated from such a particle size distribution.
[0032] Now, a process for producing the β-type zeolite will be described. The β-type zeolite of the present invention
may be one having the above described crystallinity, and the process for its production is not particularly limited. For
example, it can be produced by a hydrothermal synthesis wherein an aqueous reaction slurry employing e.g. tetrae-
thylammonium as a template agent as disclosed in JP-A-5-201722, is used as a starting material, and the starting
material is heated for crystallization. It is further preferred to employ a process as disclosed in JP-A-9-175818 in which
a powdery starting material composition dried at a temperature of at least 50°C, is contacted with steam spontaneously
generated at a temperature of from 80 to 200°C, without directly contacting it with water of a liquid phase, whereby a
β-type zeolite having higher crystallinity can be obtained.
[0033] In the preparation of a β-type zeolite as disclosed in JP-A-9-175818, the starting material composition com-
prises an alumina source, a silica source, an alkali source and tetraethylammonium ions. As the alumina source,
aluminum sulfate, sodium aluminate, aluminum hydroxide or aluminosilicate gel may, for example, be used, and as
the silica source, colloidal silica, amorphous silica, sodium silicate or aluminosilicate gel may, for example, be used.
Preferred is one in the form whereby it can adequately uniformly be mixed with other components.
[0034] As the alkali source, an alkali component in sodium hydroxide, sodium aluminate or sodium silicate, or an
alkali component in an aluminosilicate gel, may, for example, be preferably employed. Further, potassium hydroxide
or potassium aluminate may, for example, be used. For the tetraethylammonium ions, it is usual to employ tetraethy-
lammonium hydroxide.
[0035] These materials are sufficiently mixed in the presence of water to obtain a uniform slurry. The amount of water
used here is not particularly limited. Then, this uniform slurry is dried at a temperature of at least 50°C to obtain a
powdery starting material composition. The upper limit for the drying temperature is not particularly limited, but it is
preferably within a temperature range in which water does not boil. The drying is uniformly carried out until the equi-
librium water content is reached at that temperature. If the drying temperature is lower than 50°C, the water content
of the powdery starting material composition tends to be high, whereby the crystallinity tends to be low. The method
for drying the uniform slurry is not particularly limited, but it is preferred to dry the aqueous slurry of the starting material
mixture with stirring.
[0036] The chemical composition of the powdery starting material composition thereby obtained, is represented by
the following molar ratios of oxides:

SiO2/Al2O3 = 10 to 1000
M2O/SiO2 = 0 to 0.4
TEA2O/SiO2 = 0.1 to 1.0

wherein M is an alkali metal, and TEA is
tetraethylammonium, preferably:

SiO2/Al2O3 = 20 to 600
M2O/SiO2 = 0 to 0.1
TEA2O/SiO2 = 0.15 to 0.25

[0037] This powdery starting material composition is put into a sealed container and crystallized by contacting it with
steam spontaneously formed at a predetermined temperature, without directly contacting it with water of a liquid phase.
[0038] The crystallizing temperature is preferably within a range of from 80 to 200°C. If it is lower than 80°C, the
crystallization speed is very slow, and it takes a long time for crystallization, such being economically disadvantageous.
On the other hand, if the temperature is higher than 200°C, decomposition of tetraethylammonium ions tends to be
vigorous, whereby it tends to be difficult to obtain a β-type zeolite having high crystallinity.
[0039] The β-type zeolite produced by the above described process is used as a calcined product. Calcination of
the synthesized zeolite is carried out to remove tetraethylammonium ions contained in the zeolite during the synthesis,
and it is carried out under a condition whereby tetraethylammonium ions are sufficiently removed. In general, the
calcination is carried out at a temperature of from 550 to 1000°C for a calcination time of from 0.5 to 10 hours. The
calcination atmosphere may be air, nitrogen, or air or nitrogen containing an oxidative gas. Ions such as Na in the β-
type zeolite may be treated with an ammonium salt or a mineral acid, so that the zeolite can be used in the H-type or
the NH4-type.
[0040] The adsorbent of the present invention may be one having a transition metal contained in the above β-type
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zeolite, whereby the performance for adsorbing a hydrocarbon can be further improved. When a transition metal is to
be incorporated, the transition metal is not particularly limited and may, for example, be an element of Group IIIa, IVa,
Va, VIa, VIIa, VIII, Ib or IIb of the Periodic Table. At least one of these transition metals may be incorporated. As the
transition metal, Cu and/or Ag is preferred. The method for incorporating the transition metal is not particularly limited,
and any conventional method may suitably be employed. For example, it is possible to employ an ion exchange method,
an impregnation-supporting method, an evaporation-to-dryness method, a dipping method or a solid phase exchange
method. The salt to be used for incorporating the transition metal is not particularly limited, and a salt such as a nitrate,
a sulfate, an acetate, an oxalate or an anmine complex salt, may, for example, be used. If more than one transition
metals are to be incorporated, such transition metals may sequentially be incorporated, or may simultaneously be
incorporated.
[0041] The content of the transition metal contained in the adsorbent prepared by the above process, is preferably
within a range of from 0.1 to 20 wt%, more preferably from 0.2 to 10 wt%, based on the total amount of the transition
metal and the β-type zeolite, in order to obtain an adequate performance for adsorbing a hydrocarbon.
[0042] As described in the foregoing, the adsorbent for a hydrocarbon of the present invention can be produced.
[0043] The adsorbent of the present invention can be used as mixed and molded with a binder such as silica, alumina
or a clay mineral. The clay mineral to be used at the time of molding, may, for example, be a clay mineral such as
kaolin, attapulgite, montmorillonite, bentonite, allophane or sepiolite. Further, the adsorbent for a hydrocarbon of the
present invention may be used as wash-coated on a honeycomb substrate made of cordierite or metal.
[0044] Adsorption and removal of a hydrocarbon in a gas phase, can be carried out by contacting the adsorbent of
the present invention with the gas phase. This gas phase is not particularly limited, and the present invention can be
applied, for example, to a gas phase containing a hydrocarbon, such as the atmosphere or an exhaust gas. Further,
the present invention is effective also in a case where the gas phase contains carbon monoxide, carbon dioxide,
hydrogen, oxygen, nitrogen, nitrogen oxide, sulfur oxide or water in addition to the hydrocarbon.
[0045] The types of hydrocarbons to be adsorbed by the adsorbent include, for example, unsaturated hydrocarbons
(olefins) such as ethylene, propylene, butene and 1-hexadecene, saturated hydrocarbons (paraffins) such as methane,
ethane, propane, n-decane and n-hexadecane, aromatic hydrocarbons such as benzene, toluene, naphthalene and
anthracene, and branched hydrocarbons such as 2-methylpropane and isopropylbenzene. Further, as derivatives of
the above hydrocarbons, oxygen-containing organic compounds such as ketones and aldehydes, and nitrogen-con-
taining organic compounds such as amines, may also be adsorbed. Namely, the gas phase to be treated by the ad-
sorbent of the present invention is one containing at least one type of these hydrocarbons. The hydrocarbon to be
adsorbed, is preferably a straight chain paraffin having at least 7 carbon atoms, a straight chain olefin having at least
7 carbon atoms and/or a polycyclic aromatic compound, more preferably a straight chain paraffin having from 10 to 18
carbon atoms, or a straight chain olefin having from 10 to 18 carbons atoms.
[0046] The concentration of the hydrocarbon in the gas phase is not particularly limited, but it is preferably from 0.001
to 5 vol%, more preferably from 0.005 to 3 vol%, as calculated as methane. The concentrations of various components
other than the hydrocarbon are also not particularly limited, and, for example, CO = 0 to 1 vol%, CO2 = 0 to 10 vol%,
O2 = 0 to 20 vol%, nitrogen oxide = 0 to 10 vol%, sulfur oxide = 0 to 0.05 vol%, and H2O = 0 to 15 vol%.
[0047] The space velocity and the temperature at the time of adsorbing and removing the hydrocarbon, are not
particularly limited. However, the space velocity is preferably from 100 to 500,000 hr-1, and the temperature is preferably
from -30 to 250°C.
[0048] The exhaust gas-purifying catalyst of the present invention comprises the adsorbent component for a hydro-
carbon of the present invention and a catalyst component for removing nitrogen oxide.
[0049] Now, the catalyst for removing nitrogen oxide, constituting the exhaust gas-purifying catalyst of the present
invention, will be described.
[0050] The nitrogen oxide-removing catalyst of the present invention is a catalyst having an activity to remove nitrogen
oxide and having an active metal contained in a porous material, preferably one showing the activity also under an
oxygen excessive exhaust gas. A catalyst is preferred which has at least one noble metal selected from Pt, Pd, Ir and
Rh incorporated as the active metal on a porous material, and the average particle size of the noble metal is preferably
at least 10 nm. If the average particle size of the noble metal is at least 10 nm, the hydrocarbon in the exhaust gas
and the hydrocarbon supplied from the adsorbent, can effectively be utilized, and the nitrogen oxide removal activity
can be improved. The reason for such improvement is not clearly understood. However, it is believed that the activity
for reducing and removing nitrogen oxide by the hydrocarbon can be increased by a proper balance of the reaction for
reducing and removing nitrogen oxide and a reaction for complete combustion of the hydrocarbon, or by formation of
special active sites. Further, it is considered that when the size of noble metal particles is at least 10 nm, the noble
metal particles are stabilized, whereby the thermal stability will be improved. As the noble metal, Pt is preferably em-
ployed from the viewpoint of the activity and the thermal stability.
[0051] The porous material is not particularly limited. For example, an oxide such as alumina, silica, zirconia or titania,
a composite oxide such as silica-alumina, silica-zirconia or silica-titania, or zeolite, may be used. Among them, alumina
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or zeolite is preferred from the viewpoint of the activity and durability.
[0052] The method for incorporating the active metal to the porous material is not particularly limited, and it is possible
to employ a conventional method such as an impregnation-supporting method, an evaporation-to-dryness method, a
physical mixing method or an ion exchange method. The compound to be used for incorporating the active metal is
also not particularly limited, and a nitrate, a sulfate, a chloride or an anmine complex salt may, for example, be used.
The amount of the active metal incorporated to the porous material, is not particularly limited, but it is preferably at
least 0.5 wt%, relative to the porous material, in order to obtain an adequate nitrogen oxide removal activity. Further,
the noble metal is preferably at most 10 wt%, relative to the porous material from the viewpoint of the production cost,
so long as the effect corresponding to the incorporated amount is obtainable.
[0053] The porous material having the active metal incorporated, is preferably subjected to thermal treatment to
stabilize the active metal. To stabilize the active metal with a particle size of 10 nm, it is preferably treated at a tem-
perature of from 400 to 900°C. The atmosphere for the thermal treatment is not particularly limited, and treatment can
be carried out in air, nitrogen, hydrogen or a gas containing hydrogen.
[0054] As described in the foregoing, the nitrogen oxide-removing catalyst of the present invention can be produced.
[0055] The hydrocarbon adsorbent and the nitrogen oxide-removing catalyst constituting the exhaust gas-purifying
catalyst of the present invention, can be used as mixed and molded with a binder such as silica, alumina or a clay
mineral. The clay mineral to be used at the time of the molding, may, for example, be a clay mineral such as kaolin,
attapulgite, montmorillonite, bentonite, allophane or sepiolite. Further, the hydrocarbon adsorbent of the present in-
vention and the nitrogen oxide-removing catalyst may be used as wash-coated on a honeycomb substrate made of
cordierite or metal.
[0056] The manner of combining the two components to prepare the exhaust gas-purifying catalyst is not particularly
limited. However, in order to have the hydrocarbon adsorbed on the β-type zeolite and to utilize the hydrocarbon de-
sorbing from the adsorbent effectively for the nitrogen oxide removal reaction, it is preferred that the hydrocarbon
desorbing from the β-type zeolite is supplied efficiently to the nitrogen oxide-removing catalyst, and the temperature
for desorption of the hydrocarbon agrees to the operation temperature of the nitrogen oxide-removing catalyst. To
obtain such a state, the nitrogen oxide-removing catalyst may be selected to meet with the temperature for desorption
of the hydrocarbon from the β-type zeolite. However, such an effect can also be obtained by properly adjusting the
positions. For example, when the catalyst of the present invention is used as wash-coated on a molded product or on
a honeycomb substrate, it is possible to employ a method wherein the -type zeolite is disposed at the upstream side
of the exhaust gas, and the nitrogen oxide-removing catalyst is disposed at the downstream side thereof, a method
wherein the β-type zeolite layer and the nitrogen oxide-removing catalyst layer may be used as laminated to each
other, or a method wherein the β-type zeolite and the nitrogen oxide-removing catalyst are employed in admixture in
the form of powders or molded products.
[0057] As described in the foregoing, the exhaust gas-purifying catalyst of the present invention can be produced
by combining the hydrocarbon adsorbent and the nitrogen oxide-removing catalyst.
[0058] Removal of the nitrogen oxide from an exhaust gas can be carried out by contacting the above exhaust gas-
purifying catalyst with the exhaust gas, and this is effective also for an oxygen excessive exhaust gas. The exhaust
gas contains nitrogen oxide and hydrocarbons. Here, the oxygen excessive exhaust gas is meant for an exhaust gas
which contains oxygen in excess of the amount of oxygen required to completely oxidize the hydrocarbons, hydrogen
and carbon monoxide contained in the exhaust gas. Such an exhaust gas may, for example, be an exhaust gas dis-
charged from an internal combustion engine such as a diesel engine, particularly an exhaust gas from combustion in
a large air/fuel ratio. Further, the above exhaust gas may contain hydrocarbons, carbon monoxide, carbon dioxide,
hydrogen, sulfur oxide and water.
[0059] The types of hydrocarbons contained in the exhaust gas to be treated by the present invention, are not par-
ticularly limited and include, for example, paraffins, olefins, aromatic compounds and their mixtures. Specifically, as
the paraffins and olefins, hydrocarbons having from 10 to 20 carbon atoms, may be used, and as the aromatic com-
pounds, benzene, naphthalene and their derivatives may be used. Further, two or more hydrocarbons selected from
the above olefins, paraffins and aromatic compounds, may be used as mixed, and light oil, kerosene or gasoline may
also be used. The concentrations of the respective components in the exhaust gas are not particularly limited, but they
are usually preferably such that nitrogen oxide is from 50 to 2,000 ppm, hydrocarbons are from 10 to 10,000 ppmC
(based on carbon), and oxygen is from 0.1 to 20%. Further, the above mentioned suitable hydrocarbon may be incor-
porated to the exhaust gas, in order to further increase the nitrogen oxide-removing activity.
[0060] The space velocity and the temperature of the exhaust gas to be treated, are not particularly limited. However,
preferably, the space velocity (based on the volume) is from 500 to 500,000 hr-1, and the temperature is from 100 to
800°C. More preferably, the space velocity is from 2000 to 300,000 hr-1, and the temperature is from 100 to 600°C.
[0061] Now, the present invention will be described in further detail with reference to the Examples. However, it
should be understood that the present invention is by no means restricted to such specific Examples.
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EXAMPLE 1:

Preparation of exhaust gas-purifying catalyst 1

[0062] β-type zeolite manufactured by TOSOH CORPORATION (tradename: HSZ-930NHA) having a SiO2/Al2O3
molar ratio of 26, was calcined at 600°C for 2 hours in an air stream to remove tetraethylammonium ions contained in
the β-type zeolite. Then, 20 g of the calcined β-type zeolite was added to an aqueous ammonium chloride solution
having 5.6 g of HN4Cl dissolved in 180 g of pure water, whereupon an ion exchange operation was carried out at 60°C
for 20 hours. This ion exchange operation was repeated twice, followed by solid-liquid separation. The product was
washed with pure water until Cl ions were no longer detected, followed by drying at 110°C for 20 hours to obtain
hydrocarbon adsorbent 1. The chemical composition of hydrocarbon adsorbent 1 was analyzed by an ICP emission
analysis, whereby it had a composition of 0.01Na2O·Al2O3·26.1SiO2, based on anhydrous oxide.
[0063] Further, the crystallinity of hydrocarbon adsorbent 1 was evaluated by powder X-ray diffraction (CuKα), where-
by the sum of the diffraction intensities at d=1.15 and d=0.396 of hydrocarbon adsorbent 1, was 95% of the diffraction
intensity at d=0.346 of Catalysis Society reference catalyst JRC-Z-HM-20(3).
[0064] 0.31 g of tetraanmine dichloroplatinum was impregnated and supported on 10 g of alumina manufactured by
Shokubai Kasei K.K. (tradename: ACP-1), followed by drying at 110°C for 20 hours. Then, the product was calcined
at 800°C for one hour in an air stream to obtain nitrogen oxide-removing catalyst 1. From the chemical composition
analysis, the Pt content of nitrogen oxide-removing catalyst 1 was 1.7 wt%. This nitrogen oxide-removing catalyst 1
was evaluated by powder X-ray diffraction (CuKα), whereby the average particle size of Pt particles calculated from
the Scherrer formula, was 18 nm.
[0065] 3 g of hydrocarbon adsorbent 1 and 3 g of nitrogen oxide-removing catalyst 1 were mixed in a mortar, press-
molded and then pulverized to a particle size of from 12 to 20 mesh to obtain exhaust gas-purifying catalyst 1.

EXAMPLE 2:

Preparation of exhaust gas-purifying catalyst 2

[0066] 10 g of mordenite manufactured by TOSOH CORPORATION (tradename: HSZ-690HOA) having a SiO2/Al2O3
molar ratio of 224, was added to 100 mL of an aqueous solution containing 0.29 g of tetraanmine dichloroplatinum,
and then the pH was adjusted to 7 with aqueous ammonia. The mixture was stirred at 30°C for two hours, then subjected
to filtration, washing and further drying at 110°C for 20 hours. Then, the dried product was calcined at 500°C for one
hour in an air stream to obtain nitrogen oxide-removing catalyst 2. From the analysis of the chemical composition, the
Pt content in nitrogen oxide-removing catalyst 2 was 1.7 wt%.
[0067] This nitrogen oxide-removing catalyst 2 was evaluated by powder X-ray diffraction (CuKα), whereby the av-
erage particle size of Pt particles calculated from the Scherrer formula was 19 nm.
[0068] 3 g of hydrocarbon adsorbent 1 obtained in Example 1 and 3 g of nitrogen oxide-removing catalyst 2 were
mixed in a mortar, press-molded and then pulverized to a particle size of from 12 to 20 mesh to obtain exhaust gas-
purifying catalyst 2.

EXAMPLE 3:

Preparation of exhaust gas-purifying catalyst 3

[0069] 0.9 mL of a 4M sodium hydroxide aqueous solution and 13.6 g of aqueous solution containing tetraethylam-
monium hydroxide (concentration: 20%) were added to 10 g of colloidal silica (SiO2: 30 wt%) with stirring. Then, to this
mixed slurry, an aqueous solution containing 0.34 g of aluminum sulfate dissolved in 10 mL of water, was added. This
aqueous starting material mixture was stirred for one hour, and then while maintaining the temperature at 80°C, it was
stirred and dried until the water content reached an equilibrium amount, to obtain a starting material composition. The
chemical composition of this starting material composition was 1.80Na2O·Al2O3· 50.1SiO2·9.3TEA2O, as calculated
as anhydrous product.
[0070] This starting material composition was pulverized to obtain a powdery starting material composition. The
obtained powdery composition was placed on a substrate plate in a sealed container so that it did not contact with
water in a liquid phase, and water was introduced into the bottom of the container, followed by heating at 180°C for
120 hours. The product was washed with pure water and then dried at 80°C. The product was examined by X-ray
diffraction employing CuKα as the ray source, whereby it was confirmed to be a β-type zeolite.
[0071] This β-type zeolite was calcined at 600°C for two hours in an air stream to remove tetraethylammonium
hydroxide. Then, 20 g of the β-type zeolite was added to an aqueous ammonium chloride solution having 5.6 g of
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NH4Cl dissolved in 180 g of pure water, whereupon an ion exchange operation was carried out at 60°C for 20 hours.
This ion exchange operation was repeated twice, followed by solid-liquid separation. The product was washed with
water until Cl ions were no longer detected and dried at 110°C for 20 hours to obtain hydrocarbon adsorbent 2. The
chemical composition of hydrocarbon adsorbent 2 was analyzed by an ICP emission analysis, whereby it had a com-
position of 0.01Na2O·Al2O3·51.1SiO2, as calculated as anhydrous product.
[0072] Further, the crystallinity of hydrocarbon adsorbent 2 was evaluated by powder X-ray diffraction (CuKα), where-
by the sum of diffraction intensities at d=1.15 and d=0.394, was 124% of the diffraction intensity at d=0.346 of Catalysis
Society reference catalyst JRC-Z-HM-20(3).
[0073] 3 g of hydrocarbon adsorbent 2 and 3 g of nitrogen oxide-removing catalyst 1 were mixed in a mortar, press-
molded and then pulverized to a particle size of from 12 to 20 mesh, to obtain exhaust gas-purifying catalyst 3.

EXAMPLE 4:

Preparation of exhaust gas-purifying catalyst 4

[0074] Hydrocarbon adsorbent 1 and nitrogen oxide-removing catalyst 1 obtained in Example 1 were, respectively,
press-molded and pulverized to a particle size of from 12 to 20 mesh, and using 1 cc of each of them, they were
disposed in an atmosphere pressure fixed bed flow reactor so that hydrocarbon adsorbent 1 was located at the reaction
gas inlet side, and nitrogen oxide-removing catalyst 1 was located at the reaction gas outlet side, and used as exhaust
gas-purifying catalyst 4.

COMPARATIVE EXAMPLE 1:

Preparation of comparative catalyst 1

[0075] Comparative catalyst 1 was prepared in the same manner as in Example 2 except that mordenite manufac-
tured by TOSOH CORPORATION (tradename: HSZ-660HOA) having a SiO2/Al2O3 molar ratio of 26, was used instead
of the β-type zeolite.

COMPARATIVE EXAMPLE 2:

Preparation of comparative catalyst 2

[0076] Comparative catalyst 2 was prepared in the same manner as in Example 2 except that Y-type zeolite manu-
factured by TOSOH CORPORATION (tradename: HSZ-370HOA) having a SiO2/Al2O3 molar ratio of 29, was used
instead of the β-type zeolite.

COMPARATIVE EXAMPLE 3:

Preparation of comparative catalyst 3

[0077] Comparative catalyst 3 was prepared in the same manner as in Example 2 except that ZSM-5 manufactured
by TOSOH CORPORATION (tradename: HSZ-890HOA) having a SiO2/Al2O3 molar ratio of 2100, was used instead
of the β-type zeolite.

COMPARATIVE EXAMPLE 4:

Preparation of comparative catalyst 4

[0078] Using the same materials as for hydrocarbon adsorbent 2 in Example 3, an aqueous starting material com-
position having a composition of 3.09Na2O·Al2O3· 31SiO2·1.71TEA2O·465H2O, was prepared.
[0079] 600 mL of this aqueous starting material slurry was put into an autoclave having a capacity of 1 L, and after
adding β-type zeolite corresponding to 1 wt% of the aqueous starting material, as seed crystals, hydrothermal synthesis
was carried out at 150°C for 72 hours with stirring. The product was washed with pure water and dried, and then it was
examined by powder X-ray diffraction employing CuKa as a ray source, whereby it was confirmed to be a β-type zeolite.
[0080] The obtained β-type zeolite was calcined in the same air stream as in Example 3, followed by ion exchange
in an aqueous ammonium chloride solution, washing with pure water and drying to obtain comparative adsorbent 1.
The chemical composition of comparative adsorbent 1 was analyzed by an ICP emission analysis, whereby it had a
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composition of 0.01Na2O·Al2O3·21.SiO2, based on oxide as calculated as anhydrous product.
[0081] Further, the crystallinity of comparative adsorbent 1 was evaluated by powder X-ray diffraction (CuKα), where-
by the sum of diffraction intensities at d=1.15 and d=0.397 of comparative adsorbent 1, was 87% of the diffraction
intensity at d=0.346 of Catalysis Society reference catalyst JRC-Z-HM-20(3).
[0082] Comparative catalyst 4 was prepared in the same manner as in Example 2 except that comparative adsorbent
1 was used instead of hydrocarbon adsorbent 1.

COMPARATIVE EXAMPLE 5:

Preparation of comparative catalyst 5

[0083] Nitrogen oxide-removing catalyst 1 obtained in Example 1, was press-molded and then pulverized to a particle
size of from 12 to 20 mesh, to obtain comparative catalyst 5.

COMPARATIVE EXAMPLE 6:

Preparation of comparative catalyst 6

[0084] β-type zeolite manufactured by TOSOH CORPORATION (tradename: HSZ-930NHA) having a SiO2/Al2O3
molar ratio of 26, was calcined and subjected to ion exchange in an aqueous ammonium chloride solution in the same
manner as in Example 1 to obtain an ammonium-exchanged β-type zeolite. 10 g of the ammonium-exchanged β-type
zeolite was added to 100 mL of an aqueous solution containing 0.29 g of tetraanmine dichloroplatinum, and then the
pH was adjusted to 7 with aqueous ammonia, followed by stirring at 30°C for two hours. Then, filtration and washing
were carried out, and the product was further dried at 110°C for 20 hours. Then, it was calcined at 500°C for one hour
in an air stream to obtain a Pt-containing β-type zeolite. From the chemical composition analysis, the Pt content was
1.7 wt%. Further, the Pt-containing β-type zeolite was evaluated by powder X-ray diffraction (CuKα), whereby the
average particle size of Pt particles calculated by the Scherrer formula, was 9 nm.
[0085] The Pt-containing β-type zeolite was press-molded and then pulverized to a particle size of from 12 to 20
mesh to obtain comparative catalyst 6.

Test on catalytic activity

[0086] 2 cc each of exhaust gas-purifying catalysts 1 to 4 and comparative catalysts 1 to 6 was packed into an
atmospheric pressure fixed bed flow reactor and evaluated. Pre-treatment was carried out at 550°C for 30 minutes by
supplying a gas having a composition as shown in Table 2 simulating an exhaust gas of a diesel engine at a rate of 4
L/min. Then, the temperature was lowered to 100°C and maintained for one hour. Then, while raising the temperature
at a rate of 10°C/min to 500°C, the nitrogen oxide removal activity was measured. The NOx conversion efficiency at
various temperatures are shown in Table 3. The NOx conversion efficiency is represented by the following formula:

wherein XNOx: NOx conversion efficiency
[NOx]in: NOx concentration in the inlet gas
[NOx]out: NOx concentration in the outlet gas.

Table 2

Gas composition Concentration

n-C10H22 1000 ppmC (based on carbon)
NO 200 ppm
O2 10%
SO2 25 ppm
H2O 7%
N2 Balance

XNOx = {([NOx]in - [NOx]out)/[NOx]in} 3 100
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Test on durability of catalyst

[0087] Durability tests were carried out with respect to exhaust gas-purifying catalysts 1 to 4 and comparative cata-
lysts 1 to 6. The durability treatment was carried out by packing 2 cc of each catalyst into an atmospheric pressure
fixed bed flow reactor and flowing an air containing 25 ppm of SO2 and 10 vol% of H2O at a rate of 200 mL/min at
600°C for 50 hours. With respect to each catalyst subjected to the durability treatment, the NOx removal rate was
measured under the same conditions as in "Test on catalytic activity". The NOx conversion efficiency at various tem-
peratures are shown in Table 4.

[0088] It is evident from Tables 3 and 4 that the exhaust gas-purifying catalysts of the present invention exhibit high
nitrogen oxide-removing activities, and the nitrogen oxide-removing activities are high even after the catalysts were
exposed to a high temperature. Namely, by using the catalysts of the present invention, nitrogen oxide can be removed
efficiently from an exhaust gas.

EXAMPLE 5:

Preparation of hydrocarbon adsorbent 3

[0089] Using the same materials as in Example 3, an aqueous starting material mixture was prepared, followed by
stirring at 80°C, drying and pulverization, to obtain a powdery starting material composition having a composition of
5.00Na2O·Al2O3·100SiO2·18.5TEA2O.
[0090] This composition was heated at 180°C for 72 hours in the same manner as in Example 3. The product was
washed with pure water and dried, and then it was examined by X-ray diffraction employing CuKα, whereby it was
confirmed to be a β-type zeolite.

Table 3

NOx conversion efficiency(%)

200°C 250°C 300°C

Exhaust gas-purifying catalyst 1 64 47 29
Exhaust gas-purifying catalyst 2 56 41 26
Exhaust gas-purifying catalyst 3 69 51 31
Exhaust gas-purifying catalyst 4 52 53 22
Comparative catalyst 1 38 40 20
Comparative catalyst 2 28 25 11
Comparative catalyst 3 29 21 7
Comparative catalyst 4 27 39 24
Comparative catalyst 5 34 26 8
Comparative catalyst 6 40 35 20

Table 4

NOx conversion efficiency(%)

200°C 250°C 300°C

Exhaust gas-purifying catalyst 1 60 42 22
Exhaust gas-purifying catalyst 2 51 38 20
Exhaust gas-purifying catalyst 3 65 44 27
Exhaust gas-purifying catalyst 4 47 48 21
Comparative catalyst 1 30 35 5
Comparative catalyst 2 24 22 10
Comparative catalyst 3 25 21 12
Comparative catalyst 4 32 34 18
Comparative catalyst 5 29 24 19
Comparative catalyst 6 39 33 17
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[0091] The obtained β-type zeolite was subjected to calcination in an air stream, ion exchange in an aqueous am-
monium chloride solution, washing with pure water and drying, in the same manner as in Example 3, to obtain hydro-
carbon adsorbent 3. The chemical composition of hydrocarbon adsorbent 3 was analyzed by an ICP emission analysis,
whereby it had a composition of 0.01Na2O·Al2O3· 84.2SiO2, as calculated as anhydrous product.
[0092] The crystallinity of hydrocarbon adsorbent 3 was evaluated by X-ray diffraction (CuKα), whereby the sum of
diffraction intensities at d=1.14 and d=0.393 of hydrocarbon adsorbent 3, was 99% of the diffraction intensity at d=0.346
of Catalysis Society reference catalyst JRC-Z-HM-20 (3).

EXAMPLE 6:

Preparation of hydrocarbon adsorbent 4

[0093] Using the same materials as in Example 3, an aqueous starting material mixture was prepared, followed by
stirring at 80°C, drying and pulverization to obtain a powdery starting material composition having a composition of
12.9Na2O·Al2O3·400SiO2·75.8TEA2O.
[0094] This composition was heated at 180°C for 72 hours in the same manner as in Example 3. The product was
washed with pure water and dried, whereupon it was examined by X-ray diffraction employing CuKα, whereby it was
confirmed to be a β-type zeolite.
[0095] The obtained β-type zeolite was subjected to calcination in an air stream, ion exchange in an aqueous am-
monium chloride solution, washing with pure water and drying, in the same manner as in Example 3, to obtain hydro-
carbon adsorbent 4. The chemical composition of hydrocarbon adsorbent 4 was analyzed by an ICP emission analysis,
whereby it had a composition of 0.01Na2O·Al2O3· 204SiO2, as calculated as anhydrous product.
[0096] The crystallinity of hydrocarbon adsorbent 4 was evaluated by X-ray diffraction (CuKα), whereby the sum of
diffraction intensities at d=1.14 and d=0.395 of hydrocarbon adsorbent 4, was 92% of the diffraction intensity at d=0.346
of Catalysis Society reference catalyst JRC-Z-HM-20(3).

EXAMPLE 7:

Preparation of hydrocarbon adsorbent 5

[0097] 10 g of hydrocarbon adsorbent 1 was added to an aqueous copper acetate solution having 1.20 g of copper
acetate monohydrate dissolved in 100 g of pure water, and an ion exchange operation was carried out at 30°C for 20
hours. Then, solid-liquid separation was carried out, and the product was washed with pure water and dried at 110°C
for 20 hours to obtain hydrocarbon adsorbent 5. The chemical composition of hydrocarbon adsorbent 5 was analyzed
by an ICP emission analysis, whereby it had a composition of 0.48Cu·Al2O3·26SiO2, as calculated as anhydrous prod-
uct, and the Cu content was 1.8 wt%. The crystallinity of hydrocarbon adsorbent 5 was evaluated by X-ray diffraction
(CuKα), whereby the sum of diffraction intensities at d=1.15 and d=0.396 of hydrocarbon adsorbent 5, was 95% of the
diffraction intensity at d=0.346 of Catalysis Society reference catalyst JRC-Z-HM-20(3).

EXAMPLE 8:

Preparation of hydrocarbon adsorbent 6

[0098] Using 10 g of hydrocarbon adsorbent 2, the same ion exchange operation as in Example 7 was carried out
to incorporate Cu, to obtain hydrocarbon adsorbent 6. The chemical composition of hydrocarbon adsorbent 6 was
analyzed by an ICP emission analysis, whereby it had a composition of 0.95Cu·Al2O3·51.1SiO2, as calculated as an
anhydrous product, and the Cu content was 1.9 wt%. The crystallinity of hydrocarbon adsorbent 6 was evaluated by
X-ray diffraction (CuKα), whereby the sum of diffraction intensities at d=1.15 and d=0.394 of hydrocarbon adsorbent
6, was 120% of the diffraction intensity at d=0.346 of Catalysis Society reference catalyst JRC-Z-HM-20(3).

EXAMPLE 9:

Preparation of hydrocarbon adsorbent 7

[0099] Hydrocarbon adsorbent 7 was prepared in the same manner as in Example 7 except that 10 g of hydrocarbon
adsorbent 1 was added to an aqueous copper acetate solution having 3.0 g of copper acetate monohydrate dissolved
in 100 g of pure water, and a predetermined amount of a 7% ammonium aqueous solution was immediately added to
adjust the pH to 10.5. The chemical composition of hydrocarbon adsorbent 7 was analyzed by an ICP emission analysis,
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whereby it had a composition of 2.05Cu·Al2O3·26SiO2, as calculated as anhydrous product, and the Cu content was
7.2 wt%. The crystallinity of hydrocarbon adsorbent 7 was evaluated by X-ray diffraction (CuKα), whereby the sum of
diffraction intensities at d=1.15 and d=0.396 of hydrocarbon adsorbent 7, was 94% of the diffraction intensity at d=0.346
of Catalysis Society reference catalyst JRC-Z-HM-20(3).

EXAMPLE 10:

Preparation of hydrocarbon adsorbent 8

[0100] Hydrocarbon adsorbent 8 was prepared in the same manner as in Example 7 except that 10 g of hydrocarbon
adsorbent 1 was added to an aqueous silver nitrate solution having 0.84 g of silver nitrate dissolved in 100 g of pure
water. The chemical composition of hydrocarbon adsorbent 8 was analyzed by an ICP emission analysis, whereby it
had a composition of 0.34Ag·Al2O3·26SiO2, as calculated as anhydrous product, and the Ag content was 2.2 wt%. The
crystallinity of hydrocarbon adsorbent 8 was evaluated by X-ray diffraction (CuKα), whereby the sum of diffraction
intensities at d=1.15 and d=0.396 of hydrocarbon adsorbent 8, was 93% of the diffraction intensity at d=0.346 of Ca-
talysis Society reference catalyst JRC-Z-HM-20(3).

EXAMPLE 11:

Preparation of hydrocarbon adsorbent 9

[0101] Hydrocarbon adsorbent 9 was prepared in the same manner as in Example 7 except that 10 g of hydrocarbon
adsorbent 1 was added to an aqueous silver nitrate solution having 4.09 g of silver nitrate dissolved in 100 g of pure
water. The chemical composition of hydrocarbon adsorbent 9 was analyzed by an ICP emission analysis, whereby it
had a composition of 1.48Ag·Al2O3·26SiO2, as calculated as anhydrous product, and the Ag content was 8.4 wt%. The
crystallinity of hydrocarbon adsorbent 9 was evaluated by X-ray diffraction (CuKα), whereby the sum of diffraction
intensities at d=1.15 and d=0.396 of hydrocarbon adsorbent 9, was 91% of the diffraction intensity at d=0.346 of Ca-
talysis Society reference catalyst JRC-Z-HM-20(3).

EXAMPLE 12:

Preparation of hydrocarbon adsorbent 10

[0102] Hydrocarbon adsorbent 10 was prepared in the same manner as in Example 7 except that 10 g of hydrocarbon
adsorbent 1 was added to a mixed aqueous solution of copper acetate and silver nitrate having 1.20 g of copper acetate
and 0.84 g of silver nitrate dissolved in 100 g of pure water. The chemical composition of hydrocarbon adsorbent 10
was analyzed by an ICP emission analysis, whereby it had a composition of 0.35Cu·0.31Ag·Al2O3· 26SiO2, as calcu-
lated as anhydrous product, and the Cu and Ag contents were 1.3 wt% and 1.9 wt%, respectively. The crystallinity of
hydrocarbon adsorbent 10 was evaluated by X-ray diffraction (CuKα), whereby the sum of diffraction intensities at
d=1.15 and d=0.396 of hydrocarbon adsorbent 10, was 92% of the diffraction intensity at d=0.346 of Catalysis Society
reference catalyst JRC-Z-HM-20(3).

COMPARATIVE EXAMPLE 7:

Preparation of comparative adsorbent 2

[0103] 40 g of zeolite having a mordenite structure manufactured by TOSOH CORPORATION (tradename: HSZ-
690HOA) having a SiO2/Al2O3 molar ratio of 224, was added to an aqueous ammonium chloride solution having 8.4
g of NH4Cl dissolved in 400 g of pure water, and an ion exchange operation was carried out at 60°C for 20 hours. This
ion exchange operation was repeated twice, followed by solid-liquid separation. The product was washed with pure
water until Cl ions were no longer detected and dried at 110°C for 20 hours, to obtain comparative adsorbent 2.

COMPARATIVE EXAMPLE 8:

Preparation of comparative adsorbent 3

[0104] 40 g of Y-type zeolite manufactured by TOSOH CORPORATION (tradename: HSZ-390HOA) having a SiO2/
Al2O3 molar ratio of 640, was added to an aqueous ammonium chloride solution having 8.4 g of NH4Cl dissolved in
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400 g of pure water, and an ion exchange operation was carried out at 60°C for 20 hours. This ion exchange operation
was repeated twice, followed by solid-liquid separation. The product was washed with pure water until Cl ions were no
longer detected and dried at 110°C for 20 hours, to obtain comparative adsorbent 3.

COMPARATIVE EXAMPLE 9:

Preparation of comparative adsorbent 4

[0105] Comparative adsorbent 4 was prepared in the same manner as in Example 7 except that 10 g of comparative
adsorbent 1 was added to an aqueous copper acetate solution having 1.20 g of copper acetate dissolved in 100 g of
pure water. The chemical composition of comparative adsorbent 4 was analyzed by an ICP emission analysis, whereby
it had a composition of 0.37Cu·Al2O3·21.4SiO2, as calculated as anhydrous product, and the Cu content was 1.7 wt%.
The crystallinity of comparative adsorbent 4 was evaluated by X-ray diffraction (CuKα), whereby the sum of diffraction
intensities at d=1.15 and d=0.397 of comparative adsorbent 4, was 85% of the diffraction intensity at d=0.346 of Ca-
talysis Society reference catalyst JRC-Z-HM-20(3).

COMPARATIVE EXAMPLE 10:

Preparation of comparative adsorbent 5

[0106] Comparative adsorbent 5 was prepared in the same manner as in Example 7 except that 10 g of comparative
adsorbent 1 was added to an aqueous silver nitrate solution having 0.84 g of silver nitrate dissolved in 100 g of pure
water. The chemical composition of comparative adsorbent 5 was analyzed by an ICP emission analysis, whereby it
had a composition of 0.3Ag·Al2O3·21.4SiO2, as calculated as anhydrous product, and the Ag content was 2.3 wt%.
The crystallinity of comparative adsorbent 5 was evaluated by X-ray diffraction (CuKα), whereby the sum of diffraction
intensities at d=1.15 and d=0.396 of comparative adsorbent 5, was 80% of the diffraction intensity at d=0.346 of Ca-
talysis Society reference catalyst JRC-Z-HM-20(3).

COMPARATIVE EXAMPLE 11:

Preparation of comparative adsorbent 6

[0107] 40 g of ZSM-5 type zeolite manufactured by TOSOH CORPORATION (tradename: HSZ-820NAA) having a
SiO2/Al2O3 molar ratio of 24, was added to an aqueous ammonium chloride solution having 8.4 g of NH4Cl dissolved
in 400 g of pure water, and an ion exchange operation was carried out at 60°C for 20 hours. This ion exchange operation
was repeated twice, followed by solid-liquid separation. The product was washed with pure water until Cl ions were no
longer detected and dried at 110°C for 20 hours. Except for using 10 g of this product, the same operation as in Example
7 was carried out to obtain comparative adsorbent 6 containing Cu. The chemical composition of comparative adsorbent
6 was analyzed by an ICP emission analysis, whereby it had a composition of 0.45Cu·Al2O3·24SiO2, as calculated as
anhydrous product, and the Cu content was 1.8 wt%.

COMPARATIVE EXAMPLE 12:

Preparation of comparative adsorbent 7

[0108] 40 g of zeolite having a mordenite structure manufactured by TOSOH CORPORATION (tradename: HSZ-
660HOA) having a SiO2/Al2O3 molar ratio of 26, was added to an aqueous ammonium chloride solution having 8.4 g
of NH4Cl dissolved in 400 g of pure water, and an ion exchange operation was carried out at 60°C for 20 hours. This
ion exchange operation was repeated twice, followed by solid-liquid separation. The product was washed with pure
water until Cl ions were no longer detected, and dried at 110°C for 20 hours. Except for using 10 g of this product, the
same operation as in Example 7 was carried out to obtain comparative adsorbent 7 containing Cu. The chemical
composition of comparative adsorbent 7 was analyzed by an ICP emission analysis, whereby it had a composition of
0.40Cu·Al2O3·26SiO2, as calculated as anhydrous product, and the Cu content was 1.5 wt%.
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COMPARATIVE EXAMPLE 13:

Preparation of comparative adsorbent 8

[0109] 10 g of comparative adsorbent 3 was added to an aqueous copper acetate solution having 0.5 g of copper
acetate monohydrate dissolved in 50 g of pure water, and an impregnation supporting operation was carried out under
reduced pressure. Then, the product was dried at 110°C for 20 hours to obtain comparative adsorbent 8. The chemical
composition of comparative adsorbent 8 was analyzed by an ICP emission analysis, whereby it had a composition of
9.8Cu·Al2O3·640SiO2, as calculated as anhydrous product, and the Cu content was 1.8 wt%.

Test on adsorption and removal of a hydrocarbon

[0110] Each of hydrocarbon adsorbents 1 to 10 and comparative adsorbents 1 to 8, was press-molded and pulverized
to a size of from 12 to 20 mesh. 1 cc (about 0.5 g) of each pulverized adsorbent was packed into an atmospheric
pressure fixed bed flow reactor made of quartz glass and subjected to a test on adsorption of a hydrocarbon. As pre-
treatment, the adsorbent was heated to 500°C at a temperature raising rate of 20°C/min and maintained at 500°C for
one hour, while flowing 2 L/min of air. After cooling to 100°C and completely substituting N2 gas, a model exhaust gas
having a composition as identified in Table 5, was contacted to the adsorbent at 100°C at a gas flow rate of 2 L/min,
until adsorption saturation was reached. The space velocity (based on the volume) at that time was 120,000 hr-1. After
confirming that the adsorption of the hydrocarbon in the model exhaust gas to the adsorbent reached saturation, N2
gas was again flowed to the adsorbent to completely remove the hydrocarbon remaining in the gas phase. Then, the
adsorbent was heated at a rate of 10°C/min, while flowing N2 gas at a flow rate of 2 L/min, whereby the hydrocarbon
desorbing from the adsorbent was continuously quantitatively analyzed by a hydrocarbon meter equipped with a flame
ionization detector (FID), and the hydrocarbon adsorption characteristics were evaluated. Table 6 shows the amount
of hydrocarbon adsorbed and the desorption peak temperature.

Table 5

Gas composition Concentration

n-C10H22 1,000 ppmC (calculated as methane)
N2 Balance

Table 6

Adsorbent Amount of hydrocarbon adsorbed [(mol/g
(weight of adsorbent)]

Desorption peak temperature (°C)

Hydrocarbon adsorbent 1 6.02 3 10-4 185
Hydrocarbon adsorbent 2 6.48 3 10-4 200
Hydrocarbon adsorbent 3 6.12 3 10-4 222
Hydrocarbon adsorbent 4 5.76 3 10-4 225
Hydrocarbon adsorbent 5 6.05 3 10-4 258
Hydrocarbon adsorbent 6 6.63 3 10-4 272
Hydrocarbon adsorbent 7 5.92 3 10-4 237
Hydrocarbon adsorbent 8 6.03 3 10-4 233
Hydrocarbon adsorbent 9 6.01 3 10-4 310
Hydrocarbon adsorbent 10 6.07 3 10-4 285
Comparative adsorbent 1 4.39 3 10-4 169
Comparative adsorbent 2 2.23 3 10-4 210
Comparative adsorbent 3 1.82 3 10-4 165
Comparative adsorbent 4 4.42 3 10-4 223
Comparative adsorbent 5 4.37 3 10-4 241
Comparative adsorbent 6 4.21 3 10-4 196
Comparative adsorbent 7 2.91 3 10-4 201
Comparative adsorbent 8 0.25 3 10-4 175
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Test on durability of adsorbents

[0111] Each of hydrocarbon adsorbents 1 to 10 and comparative adsorbents 1 to 8, was press-molded and then
pulverized to adjust the particle size to from 12 to 20 mesh. 3 cc of each adsorbent having the particle size thus adjusted,
was packed into an atmospheric pressure fixed bed flow reactor made of quartz glass and subjected to a durability
test. The durability test was carried out under such conditions that the adsorbent was treated at 600°C for 50 hours,
while flowing to the adsorbent a mixed gas having H2O incorporated to air gas in an amount of 10 vol%, at a flow rate
of 300 cc/min.
[0112] With respect to the adsorbent subjected to such durability treatment, the hydrocarbon adsorption character-
istics were evaluated after the same pre-treatment under the same evaluation conditions as in "Test on adsorption and
removal of a hydrocarbon". The hydrocarbon adsorption characteristics after the durability test are shown in Table 7.

[0113] It is evident from Tables 6 and 7 that the hydrocarbon adsorbents of the present invention are capable of
adsorbing a hydrocarbon in a large amount, as compared with adsorbents heretofore proposed. Further, with the ad-
sorbents of the present invention, the temperature for desorption of a hydrocarbon is high, and the power for detention
of the hydrocarbon as adsorbed is strong. Namely, they are capable of keeping the hydrocarbon as adsorbed until the
temperature reaches a temperature range, within which an exhaust gas-purifying catalyst represented by a three way
catalyst, operates, whereby efficient exhaust gas purification will be possible. Further, with the adsorbents of the present
invention, little change is observed in the performance for adsorption of a hydrocarbon even after they are exposed to
a high temperature, and the durability is improved over the conventional adsorbents. Namely, the hydrocarbon can
efficiently be removed.
[0114] As described in the foregoing, with the adsorbent of the present invention, a hydrocarbon discharged from e.
g. an internal combustion engine can efficiently be adsorbed and removed, and even after the adsorbent is exposed
to a high temperature, the performance for adsorption and removal of a hydrocarbon remains to be high. Further, with
the exhaust gas-purifying catalyst of the present invention, the nitrogen oxide-removing activity is high, and even after
the catalyst is exposed to a high temperature, the activity for removing nitrogen oxide remains to be high.

Claims

1. An adsorbent for a hydrocarbon, comprising a calcined β-type zeolite showing a powder X-ray diffraction such that
the sum of X-ray diffraction intensities at lattice spacings d = 1.15 ± 0.03 nm and d = 0.397 ± 0.01 nm, is at least
90% of the diffraction intensity at d = 0.346 ± 0.01 nm of Catalysis Society reference catalyst JRC-Z-HM-20(3),

Table 7

Adsorbent Amount of hydrocarbon adsorbed [(mol/g
(weight of adsorbent)]

Desorption peak temperature (°C)

Hydrocarbon adsorbent 1 6.11 3 10-4 215
Hydrocarbon adsorbent 2 5.54 3 10-4 235
Hydrocarbon adsorbent 3 5.99 3 10-4 228
Hydrocarbon adsorbent 4 5.83 3 10-4 230
Hydrocarbon adsorbent 5 6.06 3 10-4 250
Hydrocarbon adsorbent 6 6.70 3 10-4 269
Hydrocarbon adsorbent 7 5.88 3 10-4 216
Hydrocarbon adsorbent 8 6.14 3 10-4 235
Hydrocarbon adsorbent 9 6.09 3 10-4 281
Hydrocarbon adsorbent 10 6.06 3 10-4 251
Comparative adsorbent 1 4.24 3 10-4 195
Comparative adsorbent 2 2.32 3 10-4 203
Comparative adsorbent 3 0.18 3 10-4 160
Comparative adsorbent 4 3.72 3 10-4 198
Comparative adsorbent 5 3.59 3 10-4 220
Comparative adsorbent 6 4.07 3 10-4 173
Comparative adsorbent 7 2.11 3 10-4 182
Comparative adsorbent 8 0.16 3 10-4 150
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wherein the zeolite is a β-type zeolite which is obtainable by contacting a powdery starting material compo-
sition having a chemical composition represented by the following molar ratios of oxides:

SiO2/Al2O3 = 10 to 1000
M2O/SiO2 = 0 to 0.4
TEA2O/SiO2 = 0.1 to 1.0

wherein M is an alkali metal, and TEA is tetraethylammonium, and being dried at a temperature of at least
50°C, with steam spontaneously formed at a temperature of from 80 to 200°C, without contacting it with water of
a liquid phase.

2. The adsorbent for a hydrocarbon, according to claim 1, wherein the hydrocarbon to be adsorbed and removed is
a straight chain paraffin having at least 7 carbon atoms, a straight chain olefin having at least 7 carbon atoms,
and/or a polycyclic aromatic compound.

3. The adsorbent for a hydrocarbon, according to any one of claims 1 to 2, wherein the hydrocarbon to be adsorbed
and removed is a straight chain paraffin having from 10 to 18 carbon atoms, or a straight chain olefin having from
10 to 18 carbon atoms.

4. The adsorbent for a hydrocarbon, according to any one of claims 1 to 3, wherein the β-type zeolite contains a
transition metal.

5. The adsorbent for a hydrocarbon, according to claim 4, wherein the transition metal is at least one member selected
from Cu and Ag.

6. A method for adsorbing and removing a hydrocarbon in a gas phase, which comprises contacting the adsorbent
for a hydrocarbon with the gas phase, wherein

said adsorbent for a hydrocarbon comprises a calcined β-type zeolite showing a powder X-ray diffraction
such that the sum of X-ray diffraction intensities at lattice spacings d = 1.15 ± 0.03 nm and d = 0.397 ± 0.01 nm,
is at least 90 % of the diffraction intensity at d = 0.346 ± 0.01 nm of Catalysis Society reference catalyst JRC-Z-HM-
20(3), and

the hydrocarbon to be adsorbed and removed is a straight chain paraffin having at least 7 carbon atoms, a
straight chain olefin having at least 7 carbon atoms, and/or a polycyclic aromatic compound.

7. The method according to claim 6, wherein the zeolite is a β-type zeolite which is obtainable by contacting a powdery
starting material composition having a chemical composition represented by the following molar ratios of oxides:

SiO2/Al2O3 = 10 to 1000
M2O/SiO2 = 0 to 0.4
TEA2O/SiO2 = 0.1 to 1.0

wherein M is an alkali metal, and TEA is
tetraethylammonium, and being dried at a temperature of at least 50°C, with steam spontaneously formed at a
temperature of from 80 to 200°C, without contacting it with water of a liquid phase.

8. The method according to any one of claims 6 or 7, wherein the hydrocarbon to be adsorbed and removed is a
straight chain paraffin having from 10 to 18 carbon atoms, or a straight chain olefin having from 10 to 18 carbon
atoms.

9. The method according to any one of claims 6 to 8, wherein the β-type zeolite contains a transition metal.

10. The method according to claim 9, wherein the transition metal is at least one member selected from Cu and Ag.

11. An exhaust gas-purifying catalyst comprising the adsorbent for a hydrocarbon, as defined in any one of claims 1
to 5, and a nitrogen oxide-removing catalyst having an active metal contained in a porous material.

12. The exhaust gas-purifying catalyst according to claim 11, wherein the nitrogen oxide-removing catalyst is one
having at least one active metal selected from noble metals consisting of Pt, Pd, Ir and Rh, contained in a porous
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material, and the average particle size of the noble metals is at least 10 nm.

13. A method for purifying an exhaust gas, which comprises contacting the exhaust gas-purifying catalyst as defined
in Claim 11 or 12, with the exhaust gas.

Revendications

1. Un adsorbant pour hydrocarbure, composé de zéolithe de type β calcinée présentant une diffraction des poudres
aux rayons X telle que la somme des intensités de diffraction aux rayons X à constante réticulaire d = (1,15 ± 0,03)
nm et d = (0,397 ± 0,01) nm corresponde au moins à 90 % de l'intensité de diffraction à d = (0,346 ± 0,01) nm du
catalyseur de référence JRC-Z-HM-20(3) de la Catalysis Society,

dans lequel la zéolithe est une zéolithe de type β obtenue en mettant en contact une matière première
pulvérulente ayant la composition chimique représentée par les rapports molaires d'oxydes suivants :

SiO2/Al2O3 = 10 à 1000
M2O/SiO2 = 0 à 0,4
TEA2O/SiO2 = 0,1 à 1,

M étant un métal alcalin, et TEA étant le tétraéthylammonium, et séchée à une température d'au moins 50°, avec
une vapeur formée spontanément à une température dans la plage de 80 °C à 200 °C, sans la mettre en contact
avec l'eau en phase liquide.

2. L'adsorbant pour hydrocarbure, selon la revendication 1, dans lequel l'hydrocarbure à adsorber et à éliminer est
une paraffine à chaîne droite ayant au moins 7 atomes de carbone, une oléfine à chaîne droite ayant au moins 7
atomes de carbone et/ou un composé aromatique polycyclique.

3. L'adsorbant pour hydrocarbure, seloh l'une quelconque des revendications 1 et 2, dans lequel l'hydrocarbure à
adsorber et à éliminer est une paraffine à chaîne droite ayant de 10 atomes de carbone à 18 atomes de carbone,
ou une oléfine à chaîne droite ayant de 10 atomes de carbone à 18 atomes de carbone.

4. L'adsorbant pour hydrocarbure, selon l'une quelconque des revendications 1 à 3, dans lequel la zéolithe de type
β contient un métal de transition.

5. L'adsorbant pour hydrocarbure, selon la revendication 4, dans lequel le métal de transition est au moins un élément
sélectionné parmi Cu et Ag.

6. Un procédé d'adsorption et d'élimination d'un hydrocarbure dans une phase gazeuse, comprenant de mettre en
contact l'adsorbant pour hydrocarbure avec la phase gazeuse, dans lequel

ledit adsorbant pour hydrocarbure comprend une zéolithe de type β calcinée présentant une diffraction des
poudres aux rayons X à la poudre telle que la somme des intensités de diffraction aux rayons X à constante
réticulaire d = (1,15 ± 0,03) nm et d = (0,397 ± 0,01) nm corresponde au moins à 90 % de l'intensité de diffraction
à d = 0,346 ± 0,01 nm du catalyseur de référence JRC-Z-HM-20(3) de la Catalysis Society, et

l'hydrocarbure à adsorber et à éliminer est une paraffine à chaîne droite ayant au moins 7 atomes de carbone,
une oléfine à chaîne droite ayant au moins 7 atomes de carbone et/ou un composé aromatique polycyclique.

7. Le procédé selon la revendication 6, dans lequel la zéolithe est une zéolithe de type β obtenue mettant en contact
une matière première pulvérulente ayant la composition chimique représentée par les rapporta molaires d'oxydes
suivants :

SiO2/Al2O3 = 10 à 1000
M2O/SiO2 = 0 à 0,4
TEA2O/SiO2 = 0,1 à 1

M étant un métal alcalin, et TEA étant le tétraéthylammonium, et séchée à une température d'au moins 50°, avec
une vapeur formée spontanément à une température dans la plage de 80 °C à 200 °C, sans la mettre au contact
avec de l'eau en phase liquide.
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8. Le procédé selon l'une quelconque des revendications 6 et 7, dans lequel l'hydrocarbure à adsorber et à éliminer
est une paraffine à chaîne droite ayant de 10 à 18 atomes de carbone, ou une oléfine à chaîne droite ayant de 10
atomes de carbone à 18 atomes de carbone.

9. Le procédé selon l'une quelconque des revendications 6 à 8, dans lequel la zéolithe contient un métal de transition.

10. Le procédé selon la revendication 9, dans lequel le métal de transition est au moins un élément sélectionné parmi
Cu et Ag.

11. Un catalyseur pour la purification de gaz d'échappement comprenant l'adsorbant pour hydrocarbure, selon l'une
quelconque des revendications 1 à 5, et un catalyseur d'élimination de monoxyde d'azote ayant un métal actif
contenu dans un matériau poreux.

12. Le catalyseur pour la purification de gaz d'échappement selon la revendication 11, dans lequel le catalyseur d'éli-
mination de monoxyde d'azote en est un qui a au moins un métal actif sélectionné parmi des métaux nobles
comprenant Pt, Pd, Ir et Rh, contenu dans un matériau poreux, et la taille moyenne de particule des métaux nobles
est d'au moins 10 nm.

13. Un procédé de purification des gaz d'échappement, qui comprend de mettre en contact le catalyseur pour la
purification de gaz d'échappement selon dans la revendication 11 ou 12, avec le gaz d'échappement.

Patentansprüche

1. Adsorbens für einen Kohlenwasserstoff, der einen calcinierten Zeolith vom β-Typ umfasst, der ein Pulverröntgen-
strahldiffraktogramm zeigt, so dass die Summe der Röntgenstrahldiffraktionsintensitäten bei Gitterabständen d
=1,15 +- 0,03 nm und d = 0,397 +- 0,01 nm wenigstens 90 % der Diffraktionsintensität bei d = 0,346 +- 0,01 nm
des Referenzkatalysators JRC-Z-HM-20(3) der Katalysegesellschaft beträgt,

wobei der Zeolith ein Zeolith vom β-Typ ist, welcher erhältlich ist, indem eine pulverförmige Ausgangsmate-
rialzusammensetzung, die eine chemische Zusammensetzung aufweist, die durch folgenden Molarverhältnisse
von Oxiden dargestellt wird:

SiO2/Al2O3 = 10 bis 1000
M2O/SiO2 = 0 bis 0,4
TEA2O/SiO2 = 0,1 bis 1,0

worin M ein Alkalimetall ist, und TEA Tetraethylammonium ist, und die bei einer Temperatur von wenigstens
50°C getrocknet wird, mit bei einer Temperatur von 80 bis 200°C spontan gebildetem Dampf kontaktiert wird, ohne
diese mit Wasser oder einer flüssigen Phase zu kontaktieren.

2. Adsorbens für einen Kohlenwasserstoff gemäß Anspruch 1, wobei der Kohlenwasserstoff, der adsorbiert und ent-
fernt wird, ein geradkettiges Paraffin mit wenigstens 7 Kohlenstoffatomen, ein geradkettiges Olefin mit wenigstens
7 Kohlenstoffatomen, und/oder polycyclische aromatische Verbindung ist.

3. Adsorbens für einen Kohlenwasserstoff gemäß einem der Ansprüche 1 bis 2, wobei der Kohlenwasserstoff, der
adsorbiert und entfernt wird, ein geradkettiges Paraffin mit 10 bis 18 Kohlenstoffatomen oder ein geradkettiges
Olefin mit 10 bis 18 Kohlenstoffatomen ist.

4. Adsorbens für einen Kohlenwasserstoff gemäß einem der Ansprüche 1 bis 3, wobei der Zeolith vom β-Typ ein
Übergangsmetall enthält.

5. Adsorbens für einen Kohlenwasserstoff gemäß Anspruch 4, wobei das Übergangsmetall wenigstens ein Element
ist, das aus Cu und Ag ausgewählt ist.

6. Verfahren zum Adsorbieren und Entfernen eines Kohlenwasserstoffs in einer Gasphase, welches Kontaktieren
des Adsorbens für einen Kohlenwasserstoff mit der Gasphase umfasst, wobei

das Adsorbens für einen Kohlenwasserstoff einen calcinierten Zeolith vom β-Typ umfasst, der ein Pulver-
röntgenstrahldiffraktionsdiagramm zeigt, so dass die Summe der Röntgenstrahldiffraktionsintensitäten bei Gitter-
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abständen d = 1,15 +- 0,03 nm und d = 0,397 +- 0,01 nm wenigstens 90 % der Diffraktionsintensität bei d = 0,346
+- 0,01 nm des Referenzkatalysators JRC-Z-HM-20(3) der Katalysegesellschaft zeigt, und

der Kohlenwasserstoff, der adsorbiert und entfernt wird, ein geradkettiges Paraffin mit wenigstens 7 Kohlen-
stoffatomen, ein geradkettiges Olefin mit wenigstens 7 Kohlenstoffatomen, und/oder eine polycyclische aromati-
sche Verbindung ist.

7. Verfahren gemäß Anspruch 6, wobei der Zeolith ein Zeolith vom β-Typ ist, welcher erhältlich ist, indem eine pul-
verförmige Ausgangsmaterialzusammensetzung mit einer chemischen Zusammensetzung, die durch die folgen-
den molaren Verhältnisse von Oxiden dargestellt wird:

SiO2/Al2O3 = 10 bis 1000
M2O/SiO2 = 0 bis 0,4
TEA2O/SiO2 = 0,1 bis 1,0

worin M ein Alkalimetall ist, und TEA Tetraethylammonium ist, und das bei einer Temperatur von wenigstens
50°C getrocknet wird, mit bei einer Temperatur von 80 bis 200°C spontan gebildeten Dampf kontaktiert wird, ohne
diese mit Wasser oder einer flüssigen Phase zu kontaktieren.

8. Verfahren gemäß einem der Ansprüche 6 oder 7, wobei der Kohlenwasserstoff, der adsorbiert und entfernt wird,
ein geradkettiges Paraffin mit 10 bis 18 Kohlenstoffatomen, oder ein geradkettiges Olefin mit 10 bis 18 Kohlen-
stoffatomen ist.

9. Verfahren gemäß einem der Ansprüche 6 bis 8, wobei der Zeolith vom β-Typ ein Übergangsmetall enthält.

10. Verfahren gemäß Anspruch 9, wobei das Übergangsmetall wenigstens ein Element ist, das aus Cu und Ag aus-
gewählt ist.

11. Abgasreinigungskatalysator, der das Adsorbens für einen Kohlenwasserstoff, wie in einem der Ansprüche 1 bis 5
definiert, und einen Stickstoffoxidentfernungskatalysator mit einem aktiven Metall, das in einem porösen Material
enthalten ist, umfasst.

12. Abgasreinigungskatalysator gemäß Anspruch 11, wobei der Stickstoffoxidentfernungskatalysator einer mit wenig-
stens einem aktiven Metall ist, das aus Edelmetallen ausgewählt ist, die aus Pt, Pd, Ir und Rh bestehen, die in
einem porösen Material enthalten sind, und die durchschnittliche Teilchengröße der Edelmetalle wenigstens 10
nm beträgt.

13. Verfahren zum Reinigen eines Abgases, welches Kontaktieren des Abgasreinigungskatalysators, wie in Anspruch
11 oder 12 definiert, mit dem Abgas umfasst.
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