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(57) ABSTRACT

An exhaust gas-puritying catalyst includes first particles of
oxygen storage material, second particles of one or more
rare-earth elements other than cerium and/or compounds
thereof interposed between the first particles, and third par-
ticles of one or more precious metal elements interposed
between the first particles, wherein a spectrum of a charac-
teristic X-ray intensity for one of the rare-earth element(s)
and a spectrum of a characteristic X-ray intensity for one of
the precious metal element(s) that are obtained by performing
a line analysis using energy-dispersive X-ray spectrometry
along a length of 500 nm have a correlation coefficient 0f 0.68
or more.
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EXHAUST GAS-PURIFYING CATALYST

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation application of
PCT Application No. PCT/JP2010/062375, filed Jul. 22,
2010 and based upon and claiming the benefit of priority from
prior Japanese Patent Application No. 2009-173114, filed Jul.
24,2009, the entire contents of which are incorporated herein
by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an exhaust gas-
puritying catalyst.

[0004] 2. Description of the Related Art

[0005] Many automotive vehicles such as automobiles are
equipped with a three-way catalyst as an exhaust gas-purify-
ing catalyst. The three-way catalyst contains precious metals
as catalytic metals. The precious metals promote the oxida-
tion reactions of hydrocarbons (HC) and carbon monoxide
(CO) and the reductive reactions of nitrogen oxides (NO,).
[0006] Jpn. Pat. Appln. KOKAI Publication Nos.
63-116741,01-242149, and 10-202101 describe exhaust gas-
puritying catalysts containing a composite oxide of cerium
oxide and zirconium oxide and a precious metal supported by
the composite oxide. In these exhaust gas-purifying catalysts,
the composite oxide is an oxygen storage material having an
oxygen storage capacity. The oxygen storage material can
optimize the above-described reductive reactions and oxida-
tion reactions.

BRIEF SUMMARY OF THE INVENTION

[0007] When the oxygen storage material of the above-
described exhaust gas-purifying catalyst is loaded with, for
example, lanthanum, the steam-reforming and water-gas shift
reactions are promoted. Hydrogen produced by the reactions
can be utilized for purifying NO,. That is, NO_-purifying
performance can be improved. The present inventors, how-
ever, believed that there was a possibility to improve the
performance of such an exhaust gas-purifying catalyst in
puritying NO, after a long-term use.

[0008] Thus, an object of the present invention is to provide
a technique that is advantageous in improving NO_-purifying
performance after a long-term use.

[0009] According to an aspect of the present invention,
there is provided an exhaust gas-purifying catalyst compris-
ing first particles of oxygen storage material, second particles
of one or more rare-earth elements other than cerium and/or
compounds thereof interposed between the first particles, and
third particles of one or more precious metal elements inter-
posed between the first particles, wherein a spectrum of a first
characteristic X-ray intensity for one of the one or more
rare-earth elements other than cerium and a spectrum of a
second characteristic X-ray intensity for one of the one or
more precious metal elements that are obtained by perform-
ing a line analysis using energy-dispersive X-ray spectrom-
etry along a length of 500 nm have a correlation coefficient
o(RE,PM) of 0.68 or more, the coefficient o(RE,PM) being
calculated from an equation:
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o(RE, PM) =

TS
75 % Z [{1re (n) — Ire(AV)} X {Ipp () — Ipar (AV)}]

n=1

25

1 1 25
7 XZ [{re(n) — IR(AV)}] X 7 Xﬂgl [par (1) = Ipag (AV}]

n=1

in which I -(Av) and 1, {Av) are mean values of the first and
second characteristic X-ray intensities obtained along a
length of 500 nm, respectively, and I, .(n) and 1,,(n) are a
mean value of the first characteristic X-ray intensity and a
mean value of the second characteristic X-ray intensity that
are obtained for an n-th interval of 25 intervals arranged in a
line and each having a length of 20 nm, respectively.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0010] FIG. 1 is a perspective view schematically showing
an exhaust gas-purifying catalyst according to an embodi-
ment of the present invention;

[0011] FIG. 2 is an enlarged cross-sectional view schemati-
cally showing a part of the exhaust gas-purifying catalyst
shown in FIG. 1;

[0012] FIG. 3 is an enlarged cross-sectional view schemati-
cally showing a part of the exhaust gas-purifying catalyst
shown in FIG. 1 at a higher magnification;

[0013] FIG. 4 is an enlarged cross-sectional view schemati-
cally showing a part of an exhaust gas-purifying catalyst
according to a modified example;

[0014] FIG. 5 is a graph showing an example of influence
that a mass ratio of palladium to platinum exerts on the
NO, -purifying performance after an endurance test;

[0015] FIG. 6 is a graph showing an example of influence
that a mass ratio of a rare-earth element other than cerium to
a precious metal exerts on the NO_-purifying performance
after an endurance test;

[0016] FIG. 7 is a graph showing another example of influ-
ence that a mass ratio of palladium to platinum exerts on the
NO, -purifying performance after an endurance test; and
[0017] FIG. 8 is a graph showing an example of influence
that a mass ratio of an acidic oxide to a precious metal exerts
on the NO_-purifying performance after an endurance test.

DETAILED DESCRIPTION OF THE INVENTION

[0018] Embodiments of the present invention will be
described below with reference to the drawings. In the draw-
ings, the same reference symbols denote components having
the same or similar functions and duplicate descriptions will
be omitted.

[0019] FIG. 1 is a perspective view schematically showing
an exhaust gas-purifying catalyst according to an embodi-
ment of the present invention. FIG. 2 is an enlarged cross-
sectional view schematically showing a part of the exhaust
gas-purifying catalyst shown in FIG. 1. FIG. 3 is an enlarged
cross-sectional view schematically showing a part of the
exhaust gas-purifying catalyst shown in FIG. 1 at a higher
magnification.

[0020] The exhaust gas-purifying catalyst 1 shown in
FIGS. 1 to 3 is a monolith catalyst. The exhaust gas-purifying



US 2012/0122672 Al

catalyst 1 includes a substrate 2 such as a monolith honey-
comb substrate. Typically, the substrate 2 is made of ceramic
such as cordierite.

[0021] A catalyticlayer 3 is formed on the partition walls of
the substrate 2. The catalytic layer 3 includes first particles 31,
second particles 32, and third particles 33.

[0022] The first particles 31 are evenly dispersed in the
catalytic layer 3. Each ofthe particles 31 is made of an oxygen
storage material. The oxygen storage material stores oxygen
under an oxygen-rich condition and emits oxygen under an
oxygen-lean condition so as to optimize the oxidation reac-
tions of HC and CO and the reductive reactions of NO,.

[0023] The oxygen storage material is, for example, ceria, a
composite oxide of ceria with another metal oxide, or a mix-
ture thereof. As the composite oxide, for example, a compos-
ite oxide of ceria and zirconia can be used.

[0024] The average particle diameter of the particles 31
falls within, for example, a range of 0.005 um to 0.1 pm,
typically a range of 0.01 pm to 0.03 um. Note that the “aver-
age particle diameter” is the average particle diameter of
primary particles described later and means the value
obtained by the following method.

[0025] Firstly, apart of the catalytic layer 3 is removed from
the exhaust gas-purifying catalyst 1. Next, using a scanning
electron microscope (SEM), an SEM image of this sample is
taken at a 50,000 to 200,000-fold magnification. Then, the
particles in full view are selected from the oxygen storage
material in the SEM image, and the area is obtained for each
of the selected particles. Subsequently, diameters of circles
having the same areas as the above-described areas are cal-
culated, and an arithmetic mean of the diameters is obtained.
The arithmetic mean is stated as the average particle diameter.

[0026] The second particles 32 are made of rare-carth ele-
ment(s) other than cerium and/or compound(s) thereof. The
particles 32 may include only one rare-earth element other
than cerium or two or more rare-earth elements other than
cerium. Alternatively, the particles 32 may include only one
compound of a rare-earth element other than cerium com-
pounds or two or more compounds of rare-earth element(s)
other than cerium compounds. Alternatively, the particles 32
may be a mixture of one or more rare-earth elements other
than cerium and one or more compounds of rare-earth ele-
ment(s) other than cerium compounds. As the rare-earth ele-
ment other than cerium, for example, lanthanum or neody-
mium can be used.

[0027] The rare-earth element(s) other than cerium and/or
compound(s) thereof promote the steam-reforming and
water-gas shift reactions. Hydrogen produced by the reac-
tions can be utilized for purifying NO_. Note that the oxygen
storage capacity of the particles 32 is lower than that of the
particles 31. Typically, the particles 32 have no oxygen stor-
age capacity.

[0028] The second particles 32 are supported by the first
particles 31 and each positioned among the particles 31.
Typically, the particles 32 are homogeneously mixed with the
particles 31. For example, the particles 31 and 32 form a
homogeneous mixture with almost no aggregate constituted
only by either of them. That is, for example, almost no sec-
ondary particle constituted only by an oxygen storage mate-
rial and almost no secondary particle constituted only by
rare-earth element(s) other than cerium and/or compound(s)
thereof are present, and primary particles made of an oxygen
storage material and primary particles made of rare-earth
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element(s) other than cerium and/or compound(s) thereof
form a homogeneous mixture in the catalytic layer 3.

[0029] A ratio of mass of the rare-earth element(s) con-
tained in the particles 32 to mass of the catalytic layer 3 or
total mass of the particles 31 to 33 falls within, for example,
arange 0f0.1%to 12% by mass, and typically arange 0f0.1%
to 10% by mass. A ratio of mass of the rare-earth element(s)
contained in the particles 32 to mass of the particles 33 falls
within, for example, a range of 0.1 to 12, and typically a range
010.1t0 10. Inthe case where the mass ratios are set within the
above-described ranges, HC- and NO_-purifying perfor-
mances after a long-term use can be improved as compared
with the case where the mass ratios are set outside the above-
described ranges.

[0030] The average particle diameter of the particles 32
falls within, for example, a range of 0.005 um to 0.050 pm,
and typically a range of 0.01 um to 0.02 pm. Note that the
“average particle diameter” is the average particle diameter of
the above-described “primary particles” and means the value
obtained by the same method as that described for the average
particle diameter of the oxygen storage material.

[0031] The third particles 33 are made of precious metal(s).
Each particle 33 is supported by at least one of the particles 31
and 32 and positioned among the particles 31. Typically, the
particles 33 are homogeneously mixed with the particles 31.
For example, the particles 31 and 33 form a homogeneous
mixture with almost no aggregate constituted only by either
of them. That is, for example, almost no secondary particle
constituted only by an oxygen storage material and almost no
secondary particle constituted only by precious metal(s) are
present, and primary particles made of an oxygen storage
material and primary particles made of precious metal(s)
form a homogeneous mixture in the catalytic layer 3.

[0032] The precious metal elements promote the oxidation
reactions of HC ad CO and the reductive reactions of NO_. In
addition, the precious metal elements supported by the oxy-
gen storage material increase the oxygen storage capacity of
the oxygen storage material.

[0033] Theprecious metal element(s) is, for example, plati-
num group element(s) such as palladium, platinum and
rhodium. The particles 33 may include only one precious
metal element or two or more precious metal elements. For
example, the particles 33 may include only palladium or a
mixture of palladium and platinum as the precious metal
element(s).

[0034] Inthe case where the particles are made of a mixture
of palladium and platinum, a mass ratio of palladium to
platinum is set within, for example, a range of 2 to 80, and
typically a range of 10 to 4. In the case where the mass ratio
of palladium to platinum is set within the above-described
range, HC- and NO,-purifying performances after a long-
term use can be improved as compared with the case where
the mass ratio is set outside the above-described range.
[0035] The particles 33 have an average particle diameter
smaller than the average particle diameter of the particles 31.
The average particle diameter of the particles 33 falls within,
for example, a range 0of 0.5 nm to 10 nm, and typically a range
of' 1 nm to 5 nm. Note that the “average particle diameter” is
the average particle diameter of the above-described “pri-
mary particles” and means the value obtained by the same
method as that described for the average particle diameter of
the oxygen storage material.

[0036] In the case where the particles 32 and 33 are homo-
geneously mixed with the particles 31, the particles 31 to 33



US 2012/0122672 Al

form, for example, a homogeneous mixture with almost no
aggregate constituted by only one of them. That is, for
example, almost no secondary particle constituted only by an
oxygen storage material, almost no secondary particle con-
stituted only by rare-ecarth element(s) and/or compound(s)
thereof, and almost no secondary particle constituted only by
precious metal(s) are present, and primary particles made of
an oxygen storage material, primary particles made of rare-
earth element(s) and/or compound(s) thereof and primary
particles made of precious metal(s) form a homogeneous
mixture in the catalytic layer 3.

[0037] Inthe catalytic layer 3 of the exhaust gas-purifying
catalyst 1, the particles 31 to 33 are dispersed with a relatively
high uniformity. Specifically, when a line analysis using
energy-dispersive X-ray spectrometry is performed along a
length of 500 nm on the catalytic layer 3, a spectrum of a first
characteristic X-ray intensity for one of the rare-earth ele-
ment(s) other than cerium and a spectrum of a second char-
acteristic X-ray intensity for one of the precious metal ele-
ment(s) have a correlation coefficient o(RE,PM) of 0.68 or
more. In the case where the particles 32 include two or more
rare-earth elements other than cerium or the particles 33
include two or more precious metal elements, typically, forall
the combinations of the rare-earth element(s) of the particles
32 other than cerium and the precious metal element(s) of the
particles 33, the spectra of the first and second characteristic
X-ray intensities have a correlation coefficient o(RE,PM) of
0.68 or more.

[0038] Here, the correlation coefficient o(RE,PM) is the
value calculated from the following equation (1).

LB (1)
7z X Z [re(r) — IRE(AV)} X P (1) — Ipar (AV)H]

357 L
o(RE, PM) = = =
5 Xngl [{re(n) — Irg(AV)}] X
1 2
7 Xﬂgl [{pus (m) = Ipns (AV)}]
[0039] In the equation (1), I;-(Av) and 1., (Av) are mean

values of the first and second characteristic X-ray intensities
obtained along a length of 500 nm, respectively. I-(n) and
1;54(n) are a mean value of the first characteristic X-ray inten-
sity and a mean value of the second characteristic X-ray
intensity, respectively, which are obtained for an n-th interval
of 25 intervals arranged in a line and each having a length of
20 nm.

[0040] The line analysis using energy-dispersive X-ray
spectrometry may be performed on a surface of the catalytic
layer 3 or a cross section of the catalytic layer 3. In the latter
case, the direction of the line analysis may be the thickness
direction or a direction perpendicular to the thickness direc-
tion.

[0041] As described above, the particles 31 and 33 are
distributed in the catalytic layer 3 with a relatively high uni-
formity. Thus, in this catalytic layer 3, a large proportion of
the particles 33 are the ones that are positioned near the
particles 32. Therefore, hydrogen produced by the steam-
reforming and water-gas shift reactions can be effectively
utilized for purifying NO, .

[0042] Also, in the catalytic layer 3, a probability that a
particle 31 exists between adjacent particles 32 and a prob-
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ability that a particle 31 exists between adjacent particles 33
are high. Thus, sintering of the particles 31 and 32 is less
prone to occur.

[0043] Therefore, the exhaust gas-purifying catalyst 1 can
offer excellent HC- and NO,-puritying performances for a
long period of time.

[0044] Various modifications can be made to the above-
described exhaust gas-purifying catalyst 1.

[0045] FIG. 4 is an enlarged cross-sectional view schemati-
cally showing a part of an exhaust gas-purifying catalyst
according to a modified example.

[0046] The exhaust gas-purifying catalyst 1 shown in FIG.
4 is the same as the exhaust gas-purifying catalyst 1 described
with reference to FIGS. 1 to 3 except that the catalytic layer 3
further includes fourth particles 34.

[0047] The fourth particles 34 are made of acidic oxide(s).
The acidic oxides suppress poisoning of precious metals by
sulfur. The particles 34 may include only one acidic oxide or
two or more acidic oxides. As the acidic oxide, for example,
titanium oxide, silicon oxide or tungsten oxide can be used.

[0048] The particles 34 are supported by the first particles
31 and positioned among the particles 31. Typically, the par-
ticles 34 are homogeneously mixed with the particles 31. For
example, the particles 31 and 34 form a homogeneous mix-
ture with almost no aggregate constituted only by either of
them. That is, for example, almost no secondary particle
constituted only by an oxygen storage material and almost no
secondary particle constituted only by acidic oxide(s) are
present, and primary particles made of an oxygen storage
material and primary particles made of acidic oxide(s) form a
homogeneous mixture in the catalytic layer 3.

[0049] A ratio of mass of the particles 34 to mass of the
catalytic layer 3 or total mass of the particles 31 to 34 falls
within, for example, a range of 0.1% to 5% by mass, and
typically arange 0f0.1% to 3% by mass. A ratio of mass of the
particles 34 to mass of the particles 33 falls within, for
example, a range of 0.2 to 10, and typically a range of 0.2 to
6. In the case where the mass ratios are set within the above-
described ranges, HC- and NO, -purifying performances after
a long-term use can be improved as compared with the case
where the mass ratios are set outside the above-described
ranges.

[0050] The average particle diameter of the particles 34
falls within, for example, a range of 0.005 um to 0.050 pm,
typically a range of 0.01 pm to 0.02 um. Note that the “aver-
age particle diameter” is the average particle diameter of the
above-described “primary particles” and means the value
obtained by the same method as that described for the average
particle diameter of the oxygen storage material.

[0051] In the catalytic layer 3 of the exhaust gas-purifying
catalyst 1, the particles 31 to 34 are dispersed with a relatively
high uniformity.

[0052] Specifically, when a line analysis using energy-dis-
persive X-ray spectrometry is performed along a length of
500 nm on the catalytic layer 3, a spectrum of a first charac-
teristic X-ray intensity for one of the rare-earth element(s)
other than cerium and a spectrum of a second characteristic
X-ray intensity for one of the precious metal element(s) have
a correlation coefficient o(RE,PM) of 0.68 or more. In the
case where the particles 32 include two or more rare-earth
elements other than cerium or the particles 33 include two or
more precious metal elements, typically, for all the combina-
tions of the rare-earth element(s) of the particles 32 other than
cerium and the precious metal element(s) of the particles 33,
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the spectra of the first and second characteristic X-ray inten-
sities have a correlation coefficient o(RE,PM) of 0.68 or
more.

[0053] Further, a spectrum of a third characteristic X-ray
intensity for one of the element(s) of the acidic oxide(s) other
than oxygen and a spectrum of a second characteristic X-ray
intensity for one of the precious metal element(s) have a
correlation coefficient o(AO,PM) of, for example, 0.68 or
more, and typically 0.70 or more. In the case where the
particles 34 include two or more acidic oxides or the particles
33 include two or more precious metal elements, typically, for
all the combinations of the elements of the acidic oxide(s)
other than oxygen and the precious metal element(s), the
spectra ofthe second and third characteristic X-ray intensities
have a correlation coefficient o(AO,PM) of, for example 0.68
or more, and typically 0.70 or more.

[0054] Here, the correlation coefficient o(AO,PM) is the
value calculated from the following equation (2).

T (2)
7z X Z [{a0(r) = Lao(AV)E X{Ips () — Ipag (AV)}]

257 L
o(AO, PM) = = T
% XE‘I [{a0(n) = Lao(AV}] X
1 2
7 X,g‘l [{pas () = Ipn (AV)}]
[0055] In the equation (2), [ ,,(Av) is a mean value of the

third characteristic X-ray intensity obtained along a length of
500 nm. 1,,(n) is a mean value of the third characteristic
X-ray intensity that is obtained for an n-th interval of 25
intervals arranged in a line and each having a length of 20 nm.
[0056] As described above, the particles 31 to 34 are dis-
tributed in the catalytic layer 3 with a relatively high unifor-
mity. Therefore, when employing this structure, the same
effect as that described with reference to FIGS. 1 to 3 can be
obtained. Further, in this catalytic layer 3, a large proportion
of the particles 34 are the ones that are positioned near the
particles 33. Thus, poisoning of precious metals by sulfur can
be suppressed effectively.

[0057] Therefore, the exhaust gas-purifying catalyst 1 can
offer excellent HC- and NO,-purifying performances for a
long period of time.

[0058] In the exhaust gas-purifying catalysts 1 described
with referenceto FIGS. 1 to 4, the catalytic layer 3 has a single
layer structure. Instead, the catalytic layer 3 may have a
multilayer structure. In this case, the above-described effects
can be obtained when one or more layers included in the
catalytic layer 3 has the structure described with reference to
FIGS.1to 4.

[0059] Although the exhaust gas-purifying catalyst 1
described with reference to FIGS. 1 to 4 is a monolith catalyst,
the above-described technique can be applied to a pellet cata-
lyst.
[0060]
below.

Examples of the present invention will be described

<Manufacture of Catalyst C1>

[0061] An exhaust gas-purifying catalyst was manufac-
tured by the following method.

[0062] 1,300 mL of deionized water was added with 300 g
of zirconium oxynitrate solution containing zirconium at a
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zirconium oxide (ZrO,)-converted concentration of 10% by
mass, 300 g of cerium nitrate solution containing cerium at a
cerium oxide (CeO,)-converted concentration of 20% by
mass, and 40 g of yttrium nitrate solution containing yttrium
at an yttrium oxide (Y,O;)-converted concentration of 10%
by mass. The mixed solution was added with an aqueous
solution containing potassium hydroxide at a concentration
of 20% by mass at room temperature until the pH value
reached 12 while sufficiently stirring the mixed solution so as
to cause coprecipitation.

[0063] After stirring the mixed solution containing the
coprecipitate at 70° C. for 60 minutes, the mixed solution was
added with 50 g of lanthanum nitrate solution containing
lanthanum at a lanthanum oxide (La,O;)-converted concen-
tration of 10% by mass and 20 g of palladium nitrate solution
containing palladium at a concentration of 5% by mass while
sufficiently stirring the mixed solution. Then, an aqueous
solution containing potassium hydroxide at a concentration
of 20% by mass was added to the mixed solution at room
temperature until the pH value reached 12 so as to cause
coprecipitation.

[0064] Then, the coprecipitate thus obtained was separated
from the solution by filtration and washed with pure water.
After drying the coprecipitate at 110° C., it was fired in the
atmosphere at 700° C. for 5 hours to obtain a fired product in
a form of powder.

[0065] The fired product was then compression-molded,
and the molded product was pulverized into pellets having a
particle diameter of 0.5 mm to 1.0 mm. As above, a pellet
catalyst was obtained as an exhaust gas-purifying catalyst.
Hereinafter, the pellet catalyst is referred to as “catalyst C1”.

<Manufacture of Catalyst C2>

[0066] A pellet catalyst was manufactured by the same
method as that described for the catalyst C1 except that the
amount of the zirconium oxynitrate solution was changed
from 300 g to 340 g and the amount of the lanthanum nitrate
solution was changed from 50 g to 10 g. Hereinafter, the pellet
catalyst is referred to as “catalyst C2”.

<Manufacture of Catalyst C3>

[0067] A pellet catalyst was manufactured by the same
method as that described for the catalyst C1 except that the
amount of the zirconium oxynitrate solution was changed
from 300 g to 349 g and the amount of the lanthanum nitrate
solution was changed from 50 g to 1 g. Hereinafter, the pellet
catalyst is referred to as “catalyst C3”.

<Manufacture of Catalyst C4>

[0068] A pellet catalyst was manufactured by the same
method as that described for the catalyst C1 except that the
amount of the zirconium oxynitrate solution was changed
from 300 g to 250 g and the amount of the lanthanum nitrate
solution was changed from 50 g to 100 g. Hereinafter, the
pellet catalyst is referred to as “catalyst C4”.

<Manufacture of Catalyst C5>

[0069] A pellet catalyst was manufactured by the same
method as that described for the catalyst C1 except that the
amount of the zirconium oxynitrate solution was changed
from 300 g to 230 g and the amount of the lanthanum nitrate
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solution was changed from 50 g to 120 g. Hereinafter, the
pellet catalyst is referred to as “catalyst C5”.

<Manufacture of Catalyst C6>

[0070] A pellet catalyst was manufactured by the same
method as that described for the catalyst C1 except that the
amount of the zirconium oxynitrate solution was changed
from 300 g to 350 g and the lanthanum nitrate solution was
not used. Hereinafter, the pellet catalyst is referred to as
“catalyst C6”.

<Manufacture of Catalyst C7>

[0071] An exhaust gas-purifying catalyst was manufac-
tured by the following method.

[0072] 1,300 mL of deionized water was added with 300 g
of zirconium oxynitrate solution containing zirconium at a
zirconium oxide (ZrO,)-converted concentration of 10% by
mass, 300 g of cerium nitrate solution containing cerium at a
cerium oxide (CeO,)-converted concentration of 20% by
mass, and 40 g of yttrium nitrate solution containing yttrium
at an yttrium oxide (Y,O;)-converted concentration of 10%
by mass. The mixed solution was added with an aqueous
solution containing potassium hydroxide at a concentration
of 20% by mass at room temperature until the pH value
reached 12 while sufficiently stirring the mixed solution so as
to cause coprecipitation.

[0073] After stirring the mixed solution containing the
coprecipitate at 70° C. for 60 minutes, the mixed solution was
added with 50 g of lanthanum nitrate solution containing
lanthanum at a lanthanum oxide (La,O;)-converted concen-
tration of 10% by mass while sufficiently stirring the mixed
solution. Then, an aqueous solution containing potassium
hydroxide at a concentration of 20% by mass was added to the
mixed solution at room temperature until the pH value
reached 12 so as to cause coprecipitation.

[0074] Then, the coprecipitate thus obtained was separated
from the solution by filtration and washed with pure water.
After drying the coprecipitate at 110° C., it was fired in the
atmosphere at 700° C. for 5 hours to obtain a fired product in
a form of powder.

[0075] Next, the powder was dispersed in 400 mL of deion-
ized water, and 20 g of palladium nitrate solution containing
palladium at a concentration of 5% by mass was added to the
dispersion so as to allow the powder in the dispersion to
adsorb palladium. The dispersion was vacuum-filtrated, and
the filtrate was subjected to inductively coupled plasma (ICP)
spectrometry. As a result, it was revealed that the filter cake
contained almost the entire palladium in the dispersion.
[0076] Subsequently, the filter cake was dried at 110° C. for
12 hours. Then, it was fired at 500° C. for 1 hour in the
atmosphere to obtain a fired product in a form of powder.
[0077] The fired product was then compression-molded,
and the molded product was pulverized into pellets having a
particle diameter of 0.5 mm to 1.0 mm. As above, a pellet
catalyst was obtained as an exhaust gas-purifying catalyst.
Hereinafter, the pellet catalyst is referred to as “catalyst C7”.

<Manufacture of Catalyst C8>

[0078] An exhaust gas-purifying catalyst was manufac-
tured by the following method.

[0079] 1,300 mL of deionized water was added with 300 g
of zirconium oxynitrate solution containing zirconium at a
zirconium oxide (ZrO,)-converted concentration of 10% by
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mass, 300 g of cerium nitrate solution containing cerium at a
cerium oxide (CeO,)-converted concentration of 20% by
mass, and 40 g of yttrium nitrate solution containing yttrium
at an yttrium oxide (Y,0;)-converted concentration of 10%
by mass. The mixed solution was added with an aqueous
solution containing potassium hydroxide at a concentration
of 20% by mass at room temperature until the pH value
reached 12 while sufficiently stirring the mixed solution so as
to cause coprecipitation.

[0080] After stirring the mixed solution containing the
coprecipitate at 70° C. for 60 minutes, the mixed solution was
added with 20 g of palladium nitrate solution containing
palladium at a concentration of 5% by mass while sufficiently
stirring the mixed solution. Then, an aqueous solution con-
taining potassium hydroxide at a concentration of 20% by
mass was added to the mixed solution at room temperature
until the pH value reached 12 so as to cause coprecipitation.
[0081] Then, the coprecipitate thus obtained was separated
from the solution by filtration and washed with pure water.
After drying the coprecipitate at 110° C., it was fired in the
atmosphere at 700° C. for 5 hours to obtain a fired product in
a form of powder.

[0082] Next, the powder was dispersed in 100 mL of deion-
ized water, and 50 g of lanthanum nitrate solution containing
lanthanum at a lanthanum oxide (La,O;)-converted concen-
tration of 10% by mass was added to the dispersion. Subse-
quently, an aqueous solution containing potassium hydroxide
at a concentration of 20% by mass was added to the mixed
solution at room temperature until the pH value reached 12
while sufficiently stirring the mixed solution so as to cause
coprecipitation.

[0083] Then, the coprecipitate thus obtained was separated
from the solution by filtration and washed with pure water.
After drying the coprecipitate at 110° C., it was fired in the
atmosphere at 700° C. for 5 hours to obtain a fired product in
a form of powder.

[0084] The fired product was then compression-molded,
and the molded product was pulverized into pellets having a
particle diameter of 0.5 mm to 1.0 mm. As above, a pellet
catalyst was obtained as an exhaust gas-purifying catalyst.
Hereinafter, the pellet catalyst is referred to as “catalyst C8”.

<Manufacture of Catalyst C9>

[0085] An exhaust gas-purifying catalyst was manufac-
tured by the following method.

[0086] 1,300 mL of deionized water was added with 300 g
of zirconium oxynitrate solution containing zirconium at a
zirconium oxide (ZrO,)-converted concentration of 10% by
mass, 300 g of cerium nitrate solution containing cerium at a
cerium oxide (CeO,)-converted concentration of 20% by
mass, and 40 g of yttrium nitrate solution containing yttrium
at an yttrium oxide (Y,0;)-converted concentration of 10%
by mass. The mixed solution was added with an aqueous
solution containing potassium hydroxide at a concentration
of 20% by mass at room temperature until the pH value
reached 12 while sufficiently stirring the mixed solution so as
to cause coprecipitation.

[0087] After stirring the mixed solution containing the
coprecipitate at 70° C. for 60 minutes, the coprecipitate thus
obtained was separated from the solution by filtration and
washed with pure water. After drying the coprecipitate at 110°
C., it was fired in the atmosphere at 700° C. for 5 hours to
obtain a fired product in a form of powder.
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[0088] Next, the powder was dispersed in 400 mL of deion-
ized water, and 50 g of lanthanum nitrate solution containing
lanthanum at a lanthanum oxide (La,O;)-converted concen-
tration of 10% by mass and 20 g of palladium nitrate solution
containing palladium at a concentration of 5% by mass was
added to the dispersion. Then, an aqueous solution containing
potassium hydroxide at a concentration of 20% by mass was
added to the mixed solution at room temperature while suf-
ficiently stirring the mixed solution until the pH value reached
12 so as to cause coprecipitation.

[0089] Then, the coprecipitate thus obtained was separated
from the solution by filtration and washed with pure water.
After drying the coprecipitate at 110° C., it was fired in the
atmosphere at 700° C. for 5 hours to obtain a fired product in
a form of powder.

[0090] The fired product was then compression-molded,
and the molded product was pulverized into pellets having a
particle diameter of 0.5 mm to 1.0 mm. As above, a pellet
catalyst was obtained as an exhaust gas-purifying catalyst.
Hereinafter, the pellet catalyst is referred to as “catalyst C9”.

<Manufacture of Catalyst C10>

[0091] An exhaust gas-purifying catalyst was manufac-
tured by the following method.

[0092] 1,300 mL of deionized water was added with 300 g
of zirconium oxynitrate solution containing zirconium at a
zirconium oxide (ZrO,)-converted concentration of 10% by
mass, 300 g of cerium nitrate solution containing cerium at a
cerium oxide (CeO,)-converted concentration of 20% by
mass, and 40 g of yttrium nitrate solution containing yttrium
at an yttrium oxide (Y,O;)-converted concentration of 10%
by mass. The mixed solution was added with an aqueous
solution containing potassium hydroxide at a concentration
of 20% by mass at room temperature until the pH value
reached 12 while sufficiently stirring the mixed solution so as
to cause coprecipitation.

[0093] After stirring the mixed solution containing the
coprecipitate at 70° C. for 60 minutes, the mixed solution was
added with 50 g of lanthanum nitrate solution containing
lanthanum at a lanthanum oxide (La,O;)-converted concen-
tration of 10% by mass. Then, an aqueous solution containing
potassium hydroxide at a concentration of 20% by mass was
added to the mixed solution at room temperature while suf-
ficiently stirring the mixed solution until the pH value reached
12 so as to cause coprecipitation.

[0094] Subsequently, 20 g of palladium nitrate solution
containing palladium at a concentration of 5% by mass was
added to the mixed solution containing the coprecipitate.
Then, an aqueous solution containing potassium hydroxide at
a concentration of 20% by mass was added to the mixed
solution at room temperature while sufficiently stirring the
mixed solution until the pH value reached 12 so as to cause
coprecipitation.

[0095] Then, the coprecipitate thus obtained was separated
from the solution by filtration and washed with pure water.
After drying the coprecipitate at 110° C., it was fired in the
atmosphere at 700° C. for 5 hours to obtain a fired product in
a form of powder.

[0096] The fired product was then compression-molded,
and the molded product was pulverized into pellets having a
particle diameter of 0.5 mm to 1.0 mm. As above, a pellet
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catalyst was obtained as an exhaust gas-purifying catalyst.
Hereinafter, the pellet catalyst is referred to as “catalyst C10”.

<Manufacture of Catalyst C11>

[0097] An exhaust gas-purifying catalyst was manufac-
tured by the following method.

[0098] 1,300 mL of deionized water was added with 300 g
of zirconium oxynitrate solution containing zirconium at a
zirconium oxide (ZrO,)-converted concentration of 10% by
mass, 300 g of cerium nitrate solution containing cerium at a
cerium oxide (CeO,)-converted concentration of 20% by
mass, 40 g of yttrium nitrate solution containing yttrium at an
yttrium oxide (Y,O;)-converted concentration of 10% by
mass, 50 g of lanthanum nitrate solution containing lantha-
num at a lanthanum oxide (La,O;)-converted concentration
ot 10% by mass, and 20 g of palladium nitrate solution con-
taining palladium at a concentration of 5% by mass. The
mixed solution was added with an aqueous solution contain-
ing potassium hydroxide at a concentration 0f 20% by mass at
room temperature until the pH value reached 12 while suffi-
ciently stirring the mixed solution so as to cause coprecipita-
tion.

[0099] After stirring the mixed solution containing the
coprecipitate at 70° C. for 60 minutes, the coprecipitate thus
obtained was separated from the solution by filtration and
washed with pure water. After drying the coprecipitate at 110°
C., it was fired in the atmosphere at 700° C. for 5 hours to
obtain a fired product in a form of powder.

[0100] The fired product was then compression-molded,
and the molded product was pulverized into pellets having a
particle diameter of 0.5 mm to 1.0 mm. As above, a pellet
catalyst was obtained as an exhaust gas-purifying catalyst.
Hereinafter, the pellet catalyst is referred to as “catalyst C11”.

<Manufacture of Catalyst C12>

[0101] A pellet catalyst was manufactured by the same
method as that described for the catalyst C1 except that the
amount of the zirconium oxynitrate solution was changed
from 300 g to 490 g, the amount of the cerium nitrate solution
was changed from 300 g to 225 g, and the yttrium nitrate
solution was not used. Hereinafter, the pellet catalyst is
referred to as “catalyst C12”.

<Manufacture of Catalyst C13>

[0102] A pellet catalyst was manufactured by the same
method as that described for the catalyst C12 except that a
mixed solution of 19.8 g of palladium nitrate solution con-
taining palladium at a concentration of 5% by mass and 0.20
g of dinitrodiamine platinum nitrate solution containing plati-
num at a concentration of 5% by mass was used instead of 20
g of palladium nitrate solution containing palladium at a
concentration of 5% by mass. Hereinafter, the pellet catalyst
is referred to as “catalyst C13”.

<Manufacture of Catalyst C14>

[0103] A pellet catalyst was manufactured by the same
method as that described for the catalyst C12 except that a
mixed solution of 19.8 g of palladium nitrate solution con-
taining palladium at a concentration of 5% by mass and 0.25
g of dinitrodiamine platinum nitrate solution containing plati-
num at a concentration of 5% by mass was used instead of 20
g of palladium nitrate solution containing palladium at a
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concentration of 5% by mass. Hereinafter, the pellet catalyst
is referred to as “catalyst C14”.

<Manufacture of Catalyst C15>

[0104] A pellet catalyst was manufactured by the same
method as that described for the catalyst C12 except that a
mixed solution of 19.5 g of palladium nitrate solution con-
taining palladium at a concentration of 5% by mass and 0.49
g of dinitrodiamine platinum nitrate solution containing plati-
num at a concentration of 5% by mass was used instead of 20
g of palladium nitrate solution containing palladium at a
concentration of 5% by mass. Hereinafter, the pellet catalyst
is referred to as “catalyst C15”.

<Manufacture of Catalyst C16>

[0105] A pellet catalyst was manufactured by the same
method as that described for the catalyst C12 except that a
mixed solution of 19.0 g of palladium nitrate solution con-
taining palladium at a concentration of 5% by mass and 0.95
g of dinitrodiamine platinum nitrate solution containing plati-
num at a concentration of 5% by mass was used instead of 20
g of palladium nitrate solution containing palladium at a
concentration of 5% by mass. Hereinafter, the pellet catalyst
is referred to as “catalyst C16”.

<Manufacture of Catalyst C17>

[0106] A pellet catalyst was manufactured by the same
method as that described for the catalyst C12 except that a
mixed solution of 18.2 g of palladium nitrate solution con-
taining palladium at a concentration of 5% by mass and 1.8 g
of dinitrodiamine platinum nitrate solution containing plati-
num at a concentration of 5% by mass was used instead of 20
g of palladium nitrate solution containing palladium at a
concentration of 5% by mass. Hereinafter, the pellet catalyst
is referred to as “catalyst C17”.

<Manufacture of Catalyst C18>

[0107] A pellet catalyst was manufactured by the same
method as that described for the catalyst C12 except that a
mixed solution of 13.3 g of palladium nitrate solution con-
taining palladium at a concentration of 5% by mass and 6.7 g
of dinitrodiamine platinum nitrate solution containing plati-
num at a concentration of 5% by mass was used instead of 20
g of palladium nitrate solution containing palladium at a
concentration of 5% by mass. Hereinafter, the pellet catalyst
is referred to as “catalyst C18”

<Manufacture of Catalyst C19>

[0108] A pellet catalyst was manufactured by the same
method as that described for the catalyst C12 except that a
mixed solution of 10 g of palladium nitrate solution contain-
ing palladium at a concentration of 5% by mass and 10 g of
dinitrodiamine platinum nitrate solution containing platinum
at a concentration of 5% by mass was used instead of 20 g of
palladium nitrate solution containing palladium at a concen-
tration of 5% by mass. Hereinafter, the pellet catalyst is
referred to as “catalyst C19”.

<Manufacture of Catalyst C20>

[0109] A pellet catalyst was manufactured by the same
method as that described for the catalyst C12 except that 20 g
of dinitrodiamine platinum nitrate solution containing plati-
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num at a concentration of 5% by mass was used instead of 20
g of palladium nitrate solution containing palladium at a
concentration of 5% by mass. Hereinafter, the pellet catalyst
is referred to as “catalyst C20”.

<Manufacture of Catalyst C21>

[0110] A pellet catalyst was manufactured by the same
method as that described for the catalyst C12 except that 20 g
of rthodium nitrate solution containing rhodium at a concen-
tration of 5% by mass was used instead of 20 g of palladium
nitrate solution containing palladium at a concentration of 5%
by mass. Hereinafter, the pellet catalyst is referred to as “cata-
lyst C21”.

<Manufacture of Catalyst C22>

[0111] A pellet catalyst was manufactured by the same
method as that described for the catalyst C10 except that the
amount of the zirconium oxynitrate solution was changed
from 300 g to 490 g, the amount of the cerium nitrate solution
was changed from 300 g to 225 g, and the yttrium nitrate
solution was not used. Hereinafter, the pellet catalyst is
referred to as “catalyst C22”.

<Manufacture of Catalyst C23>

[0112] A pellet catalyst was manufactured by the same
method as that described for the catalyst C10 except that a
mixed solution of 19.5 g of palladium nitrate solution con-
taining palladium at a concentration of 5% by mass and 0.49
g of dinitrodiamine platinum nitrate solution containing plati-
num a concentration of 5% by mass was used instead of 20 g
of palladium nitrate solution containing palladium at a con-
centration of 5% by mass. Hereinafter, the pellet catalyst is
referred to as “catalyst C23”.

<Manufacture of Catalyst C24>

[0113] A pellet catalyst was manufactured by the same
method as that described for the catalyst C10 except that 20 g
of dinitrodiamine platinum nitrate solution containing plati-
num at a concentration of 5% by mass was used instead of 20
g of palladium nitrate solution containing palladium at a
concentration of 5% by mass. Hereinafter, the pellet catalyst
is referred to as “catalyst C24”.

<Manufacture of Catalyst C25>

[0114] A pellet catalyst was manufactured by the same
method as that described for the catalyst C10 except that 20 g
of rthodium nitrate solution containing rhodium at a concen-
tration of 5% by mass was used instead of 20 g of palladium
nitrate solution containing palladium at a concentration of 5%
by mass. Hereinafter, the pellet catalyst is referred to as “cata-
lyst C25”.

<Manufacture of Catalyst C57>

[0115] A pellet catalyst was manufactured by the same
method as that described for the catalyst C1 except that 50 g
of neodymium nitrate solution containing neodymium at a
neodymium oxide (Nd,O;)-converted concentration of 10%
by mass was used instead of the lanthanum nitrate solution.
Hereinafter, the pellet catalyst is referred to as “catalyst C57”.

<Manufacture of Catalyst C58>

[0116] A pellet catalyst was manufactured by the same
method as that described for the catalyst C7 except that 50 g
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of neodymium nitrate solution containing neodymium at a
neodymium oxide (Nd,O;)-converted concentration of 10%
by mass was used instead of the lanthanum nitrate solution.
Hereinafter, the pellet catalyst is referred to as “catalyst C58”.

<Dispersity Evaluation 1>

[0117] A line analysis was performed along a length of 500
nm on each of the catalysts C1 to C25, C57 and C58 using
energy dispersive X-ray spectrometry, to be more specific,
field emission-scanning electron microscope-energy disper-
sive X-ray analysis (FE-SEM-EDX). For the line analysis,
used was ultra-high resolution field-emission scanning elec-
tron microscope S-4800 manufactured by Hitachi High-
Technologies Corporation.

[0118] Then, a correlation coefficient o(Ce,PM) for the
spectra of the characteristic X-ray intensities obtained for
cerium and a respective precious metal element was calcu-
lated from the following equation (3).

[0119] Regarding the catalysts C1 to C25, a correlation
coefficient o(Ce,L.a) for the spectra of the characteristic
X-ray intensities obtained for cerium and lanthanum was
calculated from the following equation (4). In addition, a
correlation coefficient o(LL.a,PM) for the spectra of the char-
acteristic X-ray intensities obtained for lanthanum and a
respective precious metal element was calculated from the
following equation (5).

[0120] Regarding the catalysts C57 and C58, a correlation
coefficient o(Ce,L.a) for the spectra of the characteristic
X-ray intensities obtained for cerium and neodymium was
calculated from the following equation (6). In addition, a
correlation coefficient o(Nd,PM) for the spectra of the char-
acteristic X-ray intensities obtained for neodymium and a
respective precious metal element was calculated from the
following equation (7).
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[0121] In the equations (3), (4) and (6), I.z(Av) is a mean
value of the characteristic X-ray intensity obtained for cerium
along a length of 500 nm, and I z(n) is a mean value of the
characteristic X-ray intensity for cerium that is obtained for
an n-th interval of 25 intervals arranged in a line and each
having a length of 20 nm. In the equations (3), (5) and (7),
15,(Av) is a mean value of the characteristic X-ray intensity
obtained for palladium, platinum or rhodium along a length of
500 nm, and 1, (n) is a mean value of the characteristic X-ray
intensity for palladium, platinum or rhodium that is obtained
for an n-th interval of 25 intervals arranged in a line and each
having a length of 20 nm. In the equations (4) and (5), I; ,(Av)
is a mean value of the characteristic X-ray intensity obtained
for lanthanum along a length of 500 nm, and I, ,(n) is a mean
value of the characteristic X-ray intensity for lanthanum that
is obtained for an n-th interval of 25 intervals arranged in a
line and each having a length of 20 nm. In the equations (6)
and (7), 1, (Av) is a mean value of the characteristic X-ray
intensity obtained for neodymium along a length of 500 nm,
and I, (n) is amean value of the characteristic X-ray intensity
for neodymium that is obtained for an n-th interval of 25
intervals arranged in a line and each having a length of 20 nm.
[0122] The correlation coefficients and composition of
each catalyst are summarized in TABLES 1 to 3 below.

<Endurance Evaluation 1>

[0123] Performances of the catalysts C1 to C25, C57 and
C58 were checked by the following method.

[0124] First, each of the catalysts C1 to C25, C57 and C58
was set in a flow-type endurance test apparatus, and a gas
containing nitrogen as a main component was made to flow
through the catalyst bed at a flow rate of 500 mL/minute for 20
hours. During this period, the temperature of the catalyst bed
was held at 850° C. As the gas made to flow through the
catalyst bed, a lean gas and a rich gas were used, and these
gases were switched at intervals of 5 minutes. Note that the
lean gas was a mixed gas prepared by adding oxygen to
nitrogen at a concentration of 1%, while the rich gas was a
mixed gas prepared by adding carbon monoxide to nitrogen at
a concentration of 2%.

[0125] Then, each ofthe C1to C25,C57 and C58 was set in
an atmospheric fixed bed flow reactor. Subsequently, the tem-
perature of the catalyst bed was raised from 100° C. to 500° C.
at the temperature increase rate of 12° C./minute and the
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exhaust gas-purifying ratio was continuously measured while [0126] Further, for each of the catalysts C1 to C25,C57 and

amodel gas was made to flow through the catalyst bed. As the C58 after the above-described endurance test, the average
model gas, used was a gas corresponding to a lean atmosphere particle diameter of the precious metal particles was calcu-
with an air-to-fuel ratio (A/F) of 15. The results were sum- lated from an X-ray diffraction peak. The results were sum-
marized in TABLES 1 to 3 below. marized in TABLES 1 to 3 below.
TABLE 1
Average
particle

50% purifying diameter of
PMconc. Laconc. temperature (°C.)  precious Correlation coefficient

Catalyst Composition  (mass %) (mass %) La/PM HC NO, metal (nm) o (Ce,PM) o (Ce,La) o (La, PM)

Cl1 Pd/La/CZY 1 5 5 312 294 19 0.81 0.83 0.80
c2 Pd/La/CZY 1 1 1 314 296 20 0.80 0.81 0.78
C3 Pd/La/CZY 1 0.1 0.1 327 303 23 0.82 0.78 0.75
Cc4 Pd/La/CZY 1 10 10 327 306 21 0.78 0.79 0.74
C5 Pd/La/CZY 1 12 12 340 324 23 0.74 0.75 0.68
C6 Pd/CZY 1 0 0 371 336 24 0.81 — —
Cc7 Pd/La/CZY 1 5 5 353 330 30 045 0.83 0.34
C8 Pd/La/CZY 1 5 5 345 325 23 0.80 041 0.31
c9 Pd/La/CZY 1 5 5 351 328 31 043 0.37 0.29
C10 Pd/La/CZY 1 5 5 336 321 23 0.79 0.80 0.64
Cl11 Pd/La/CZY 1 5 5 340 323 24 0.81 0.79 0.60
TABLE 2
Average
particle
50% purifying diameter of
PMconc. Laconc. _temperature (°C.)  precious Correlation coefficient

Catalyst Composition (mass %) (mass %) La/PM HC NO, metal (nm) o (Ce,PM) o (Ce,La) o (La, PM)

C12 Pd/La/ZC 1 5 5 388 351 27 0.78 0.81 0.76
C13 Pd/Pt/La/ZC 1 5 5 392 357 29 0.77 (Pd) 0.80 0.76 (Pd)

(Pd:Pt =100:1) 0.79 (Pt) 0.77 (Pt)
Cl4 Pd/Pt/La/ZC 1 5 5 381 345 25 0.78 (Pd) 0.81 0.76 (Pd)

(Pd:Pt =80:1) 0.78 (Pt) 0.75 (Pt)
C15 Pd/Pt/La/ZC 1 5 5 370 335 23 0.79 (Pd) 0.80 0.76 (Pd)

(Pd:Pt =40:1) 0.78 (Pt) 0.77 (Pt)
Cl6 Pd/Pt/La/ZC 1 5 5 369 336 22 0.78 (Pd) 0.81 0.75 (Pd)

(Pd:Pt =20:1) 0.79 (Pt) 0.76 (Pt)
C17 Pd/Pt/La/ZC 1 5 5 367 336 22 0.78 (Pd) 0.81 0.76 (Pd)

(Pd:Pt =10:1) 0.77 (Pt) 0.76 (Pt)
C18 Pd/Pt/La/ZC 1 5 5 383 348 18 0.79 (Pd) 0.80 0.75 (Pd)

(Pd:Pt=2:1) 0.77 (Pt) 0.76 (Pt)
C19 Pd/Pt/La/ZC 1 5 5 390 364 14 0.78 (Pd) 0.79 0.76 (Pd)

(Pd:Pt=1:1) 0.78 (Pt) 0.75 (Pt)
C20 Pt/La/ZC 1 5 5 399 390 7 0.78 0.80 0.77
C21 Rh/La/ZC 1 5 5 410 393 ND 0.79 0.81 0.77

TABLE 3
Average
particle
50% purifying diameter of
PMconc. Laconc. temperature (° C.) precious Correlation coefficient

Catalyst Composition (mass %) (mass %) La/PM HC NO, metal (nm) o (Ce,PM) o(Ce,La o (La, PM)

€22 PdlLa/ZC 1 5 5 417 370 30 0.78 0.79 0.65

23 Pd/PY/La/ZC 1 5 5 399 352 27 0.79 (Pd) 0.80 0.65 (Pd)
(Pd:Pt = 40:1) 0.79 (PY) 0.65 (Pt)

€24 PYLa/ZC 1 5 5 415 407 8 0.79 0.81 0.64

C25 Rh/La/ZC 1 5 5 427 400 ND 0.79 0.79 0.64
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TABLE 3-continued
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Average
particle
50% purifying diameter of
PM conc.  Nd cone. temperature (° C.)  precious Correlation coefficient
Catalyst Composition (mass %) (mass %) Nd/PM HC NO, metal (nm) o (Ce,PM) o(Ce,La o (La, PM)
C57 Pd/NA/CZY 1 0 5 316 299 20 0.80 0.82 0.80
C58 Pd/NA/CZY 1 0 5 358 336 30 0.44 0.83 0.35
[0127] In the columns of TABLES 1 to 3 labeled with Further, in the case where the mass ratio was within a range of

“Composition”, “CZY” and “ZC” represent a composite
oxide containing cerium, zirconium and yttrium and a com-
posite oxide containing zirconium and cerium, respectively.
“PM cone.” represents a concentration of a precious metal,
“La/PM” represents a mass ratio of lanthanum to a precious
metal, and “Nd/PM” represents a mass ratio of neodymium to
a precious metal. Each value in the columns labeled with
“50% purifying temperature” represents the lowest tempera-
ture of the catalyst bed at which 50% or more of the respective
component of the model gas was purified. Specifically, the
columns labeled with “HC” and “NO,” show the data
obtained for hydrocarbons and the data obtained for nitrogen
oxides, respectively. “ND” in the columns labeled with
“Average particle diameter of precious metal” indicates that
no diffraction peak was detected.

[0128] Asshownin TABLE 1, although the catalyst C1 has
the same composition as those of the catalysts C6 to C11, the
catalyst C1 has correlation coefficients o(Ce,PM) and o(Ce,
La) that are equal to or greater than those of the catalysts C6
to C11 and has a correlation coefficient o(L.a,PM) that is
greater than those of the catalysts C6 to C11. The catalyst C1
is excellent in the HC- and NO, -purifying performances after
along-term use as compared with the catalyst C6to C11. This
reveals that the correlation coefficients o(Ce,PM), o(Ce,La)
and o(L.a,PM), in particular, the correlation coefficient o(La,
PM) have an effect on the endurance of the catalyst.

[0129] FIG. 5 is a graph showing an example of influence
that a mass ratio of palladium to platinum exerts on the
NO, -purifying performance after an endurance test. FIG. 6 is
a graph showing an example of influence that a mass ratio of
a rare-earth element other than cerium to a precious metal
exerts on the NO, -purifying performance after an endurance
test.

[0130] The graphs shown in FIGS. 5 and 6 were plotted
using a part of data shown in TABLES 1 to 3. In the graph of
FIG. 5, the abscissa represents a mass ratio of palladium to
platinum, while the ordinate represents 50% purifying tem-
perature for NO_.. In the graph of FIG. 6, the abscissa repre-
sents a mass ratio of lanthanum to precious metal, while the
ordinate represents 50% purifying temperature for NO.,.
[0131] As shown in FIG. 5, 50% purifying temperature of
348° C. or less could be achieved in the case where the mass
ratio of palladium to platinum was within a range of 2 to 80.
Further, in the case where the mass ratio was within a range of
10 to 40, 50% purifying temperature of 335° C. to 336° C.
could be achieved.

[0132] As shown in FIG. 6, 50% purifying temperature of
324° C. or less could be achieved in the case where the mass
ratio of lanthanum to precious metal was withina 0f0.1to 12.

0.1 to 10, 50% purifying temperature of 306° C. or less could
be achieved.

<Manufacture of Catalyst C26>

[0133] An exhaust gas-purifying catalyst was manufac-
tured by the following method.

[0134] 1,300 mL of deionized water was added with 699 g
of zirconium oxynitrate solution containing zirconium at a
zirconium oxide (ZrO,)-converted concentration of 10% by
mass, 100 g of cerium nitrate solution containing cerium at a
cerium oxide (CeO,)-converted concentration of 20% by
mass, and 95 g of yttrium nitrate solution containing yttrium
at an yttrium oxide (Y,O;)-converted concentration of 10%
by mass. The mixed solution was added with an aqueous
solution containing potassium hydroxide at a concentration
of 20% by mass at room temperature until the pH value
reached 12 while sufficiently stirring the mixed solution so as
to cause coprecipitation.

[0135] After stirring the mixed solution containing the
coprecipitate at 70° C. for 60 minutes, 2 g of alcohol solution
containing n-propyl alcohol and titanium isopropoxide at a
titanium oxide (TiO,)-converted concentration of 5% by
mass and 10 g of palladium nitrate solution containing palla-
dium at a concentration of 5% by mass were simultaneously
added to the mixed solution while sufficiently stirring the
mixed solution so as to cause coprecipitation.

[0136] Then, the coprecipitate thus obtained was separated
from the solution by filtration and washed with pure water.
After drying the coprecipitate at 110° C., it was fired in the
atmosphere at 700° C. for 5 hours to obtain a fired product in
a form of powder.

[0137] The fired product was then compression-molded,
and the molded product was pulverized into pellets having a
particle diameter of 0.5 mm to 1.0 mm. As above, a pellet
catalyst was obtained as an exhaust gas-purifying catalyst.
Hereinafter, the pellet catalyst is referred to as “catalyst C26”.

<Manufacture of Catalyst C27>

[0138] A pellet catalyst was manufactured by the same
method as that described for the catalyst C26 except that the
amount of the zirconium oxynitrate solution was changed
from 699 g to 695 g and the amount of the alcohol solution
was changed from 2 g to 10 g. Hereinafter, the pellet catalyst
is referred to as “catalyst C27”.

<Manufacture of Catalyst C28>

[0139] A pellet catalyst was manufactured by the same
method as that described for the catalyst C26 except that the
amount of the zirconium oxynitrate solution was changed
from 699 g to 690 g and the amount of the alcohol solution
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was changed from 2 gto 20 g. Hereinafter, the pellet catalyst
is referred to as “catalyst C28”.

<Manufacture of Catalyst C29>

[0140] A pellet catalyst was manufactured by the same
method as that described for the catalyst C26 except that the
amount of the zirconium oxynitrate solution was changed
from 699 g to 670 g and the amount of the alcohol solution
was changed from 2 g to 60 g. Hereinafter, the pellet catalyst
is referred to as “catalyst C29”.

<Manufacture of Catalyst C30>

[0141] A pellet catalyst was manufactured by the same
method as that described for the catalyst C26 except that the
amount of the zirconium oxynitrate solution was changed
from 699 g to 650 g and the amount of the alcohol solution
was changed from 2 g to 100 g. Hereinafter, the pellet catalyst
is referred to as “catalyst C30”.

<Manufacture of Catalyst C31>

[0142] A pellet catalyst was manufactured by the same
method as that described for the catalyst C26 except that the
amount of the zirconium oxynitrate solution was changed
from 699 g to 700 g and the alcohol solution was not used.
Hereinafter, the pellet catalyst is referred to as “catalyst C31”.

<Manufacture of Catalyst C32>

[0143] An exhaust gas-purifying catalyst was manufac-
tured by the following method.

[0144] 1,300 mL of deionized water was added with 690 g
of zirconium oxynitrate solution containing zirconium at a
zirconium oxide (ZrO,)-converted concentration of 10% by
mass, 100 g of cerium nitrate solution containing cerium at a
cerium oxide (CeO,)-converted concentration of 20% by
mass, and 95 g of yttrium nitrate solution containing yttrium
atanyttrium oxide (Y ,O;-converted concentration of 10% by
mass. The mixed solution was added with an aqueous solution
containing potassium hydroxide at a concentration of 20% by
mass at room temperature until the pH value reached 12 while
sufficiently stirring the mixed solution so as to cause copre-
cipitation.

[0145] After stirring the mixed solution containing the
coprecipitate at 70° C. for 60 minutes, 20 g of alcohol solution
containing n-propyl alcohol and titanium isopropoxide at a
titanium oxide (TiO,)-converted concentration of 5% by
mass was added to the mixed solution while sufficiently stir-
ring the mixed solution so as to cause coprecipitation.
[0146] Subsequently, 10 g of palladium nitrate solution
containing palladium at a concentration of 5% by mass was
added to the mixed solution while sufficiently stirring the
mixed solution so as to cause coprecipitation.

[0147] Then, the coprecipitate thus obtained was separated
from the solution by filtration and washed with pure water.
After drying the coprecipitate at 110° C., it was fired in the
atmosphere at 200° C. for 5 hours to obtain a fired product in
a form of powder.

[0148] The fired product was then compression-molded,
and the molded product was pulverized into pellets having a
particle diameter of 0.5 mm to 1.0 mm. As above, a pellet
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catalyst was obtained as an exhaust gas-purifying catalyst.
Hereinafter, the pellet catalyst is referred to as “catalyst C32”.

<Manufacture of Catalyst C33>

[0149] An exhaust gas-purifying catalyst was manufac-
tured by the following method.

[0150] 1,300 mL of deionized water was added with 690 g
of zirconium oxynitrate solution containing zirconium at a
zirconium oxide (ZrO,)-converted concentration of 10% by
mass, 100 g of cerium nitrate solution containing cerium at a
cerium oxide (CeO,)-converted concentration of 20% by
mass, and 95 g of yttrium nitrate solution containing yttrium
at an yttrium oxide (Y,0;)-converted concentration of 10%
by mass. The mixed solution was added with an aqueous
solution containing potassium hydroxide at a concentration
of 20% by mass at room temperature until the pH value
reached 12 while sufficiently stirring the mixed solution so as
to cause coprecipitation.

[0151] After stirring the mixed solution containing the
coprecipitate at 70° C. for 60 minutes, 10 g of palladium
nitrate solution containing palladium at a concentration of 5%
by mass was added to the mixed solution while sufficiently
stirring the mixed solution so as to cause coprecipitation.
[0152] Then, the coprecipitate thus obtained was separated
from the solution by filtration and washed with pure water.
After drying the coprecipitate at 110° C., it was fired in the
atmosphere at 700° C. for 5 hours to obtain a fired product in
a form of powder.

[0153] Next, the powder was dispersed in 500 mL of deion-
ized water, and 20 g of alcohol solution containing n-propyl
alcohol and titanium isopropoxide at a titanium oxide (TiO,)-
converted concentration of 5% by mass was added to the
dispersion while sufficiently stirring the dispersion so as to
cause coprecipitation in the dispersion.

[0154] Then, the coprecipitate thus obtained was separated
from the solution by filtration and washed with pure water.
After drying the coprecipitate at 110° C., it was fired in the
atmosphere at 700° C. for 5 hours to obtain a fired product in
a form of powder.

[0155] The fired product was then compression-molded,
and the molded product was pulverized into pellets having a
particle diameter of 0.5 mm to 1.0 mm. As above, a pellet
catalyst was obtained as an exhaust gas-purifying catalyst.
Hereinafter, the pellet catalyst is referred to as “catalyst C33”.

<Manufacture of Catalyst C34>

[0156] An exhaust gas-purifying catalyst was manufac-
tured by the following method.

[0157] 1,300 mL of deionized ater was added with 690 g of
zirconium oxynitrate solution containing zirconium at a zir-
conium oxide (ZrO,)-converted concentration of 10% by
mass, 100 g of cerium nitrate solution containing cerium at a
cerium oxide (CeO,)-converted concentration of 20% by
mass, and 95 g of yttrium nitrate solution containing yttrium
at an yttrium oxide (Y,O;)-converted concentration of 10%
by mass. The mixed solution was added with an aqueous
solution containing potassium hydroxide at a concentration
of 20% by mass at room temperature until the pH value
reached 12 while sufficiently stirring the mixed solution so as
to cause coprecipitation.

[0158] After stirring the mixed solution containing the
coprecipitate at 70° C. for 60 minutes, 20 g of alcohol solution
containing n-propyl alcohol and titanium isopropoxide at a
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titanium oxide (TiO,)-converted concentration of 5% by
mass was added to the mixed solution while sufficiently stir-
ring the mixed solution so as to cause coprecipitation.

[0159] Then, the coprecipitate thus obtained was separated
from the solution by filtration and washed with pure water.
After drying the coprecipitate at 110° C., it was fired in the
atmosphere at 700° C. for 5 hours to obtain a fired product in
a form of powder.

[0160] Next, the powder was dispersed in 500 mL of deion-
ized water, and 10 g of palladium nitrate solution containing
palladium at a concentration of 5% by mass was added to the
dispersion while sufficiently stirring the dispersion so as to
cause coprecipitation. The dispersion was vacuum-filtrated,
and the filtrate was subjected to ICP spectrometry. As a result,
it was revealed that the filter cake contained almost the entire
palladium in the dispersion.

[0161] Subsequently, the filter cake was dried at 110° C. for
12 hours. Then, it was fired at 500° C. for 1 hour in the
atmosphere to obtain a fired product in a form of powder.

[0162] The fired product was then compression-molded,
and the molded product was pulverized into pellets having a
particle diameter of 0.5 mm to 1.0 mm. As above, a pellet
catalyst was obtained as an exhaust gas-purifying catalyst.
Hereinafter, the pellet catalyst is referred to as “catalyst C34”.

<Manufacture of Catalyst C35>

[0163] An exhaust gas-purifying catalyst was manufac-
tured by the following method.

[0164] 1,300 mL of deionized water was added with 690 g
of zirconium oxynitrate solution containing zirconium at a
zirconium oxide (ZrO,)-converted concentration of 10% by
mass, 100 g of cerium nitrate solution containing cerium at a
cerium oxide (CeO,)-converted concentration of 20% by
mass, and 95 g of yttrium nitrate solution containing yttrium
at an yttrium oxide (Y,0O;)-converted concentration of 10%
by mass. The mixed solution was added with an aqueous
solution containing potassium hydroxide at a concentration
of 20% by mass at room temperature until the pH value
reached 12 while sufficiently stirring the mixed solution so as
to cause coprecipitation.

[0165] After stirring the mixed solution containing the
coprecipitate at 70° C. for 60 minutes, the coprecipitate thus
obtained was separated from the solution by filtration and
washed with pure water. After drying the coprecipitate at 110°
C., it was fired in the atmosphere at 700° C. for 5 hours to
obtain a fired product in a form of powder.

[0166] Next, the powder was dispersed in 500 mL of deion-
ized water, and 20 g of alcohol solution containing n-propyl
alcohol and titanium isopropoxide at a titanium oxide (TiO,)-
converted concentration of 5% by mass and 10 g of palladium
nitrate solution containing palladium at a concentration of 5%
by mass were simultaneously added to the dispersion while
sufficiently stirring the dispersion so as to cause coprecipita-
tion in the dispersion.

[0167] Then, the coprecipitate thus obtained was separated
from the solution by filtration and washed with pure water.
After drying the coprecipitate at 110° C., it was fired in the
atmosphere at 700° C. for 5 hours to obtain a fired product in
a form of powder.

[0168] The fired product was then compression-molded,
and the molded product was pulverized into pellets having a
particle diameter of 0.5 mm to 1.0 mm. As above, a pellet
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catalyst was obtained as an exhaust gas-purifying catalyst.
Hereinafter, the pellet catalyst is referred to as “catalyst C35”.

<Manufacture of Catalyst C36>

[0169] An exhaust gas-purifying catalyst was manufac-
tured by the following method.

[0170] 1,300 mL of deionized water was added with 690 g
of zirconium oxynitrate solution containing zirconium at a
zirconium oxide (ZrO,)-converted concentration of 10% by
mass, 100 g of cerium nitrate solution containing cerium at a
cerium oxide (CeO,)-converted concentration of 20% by
mass, 95 g of yttrium nitrate solution containing yttrium at an
yttrium oxide (Y,O;)-converted concentration of 10% by
mass, and 10 g of palladium nitrate solution containing pal-
ladium at a concentration of 5% by mass. 20 g of alcohol
solution containing n-propyl alcohol and titanium isopro-
poxide at a titanium oxide (Ti0,)-converted concentration of
5% by mass and an aqueous solution containing potassium
hydroxide at a concentration of 20% by mass were simulta-
neously added to the mixed solution at room temperature
while sufficiently stirring the mixed solution so as to cause
coprecipitation. The loading of aqueous potassium hydroxide
was adjusted such that the pH value of the mixed solution was
within a range of 11 to 12 after producing the coprecipitate.

[0171] After stirring the mixed solution containing the
coprecipitate at 70° C. for 60 minutes, the coprecipitate thus
obtained was separated from the solution by filtration and
washed with pure water. After drying the coprecipitate at 110°
C., it was fired in the atmosphere at 700° C. for 5 hours to
obtain a fired product in a form of powder.

[0172] The fired product was then compression-molded,
and the molded product was pulverized into pellets having a
particle diameter of 0.5 mm to 1.0 mm. As above, a pellet
catalyst was obtained as an exhaust gas-purifying catalyst.
Hereinafter, the pellet catalyst is referred to as “catalyst C36”.

<Manufacture of Catalyst C37>

[0173] An exhaust gas-purifying catalyst was manufac-
tured by the following method.

[0174] 1,300 mL of deionized water was added with 660 g
of zirconium oxynitrate solution containing zirconium at a
zirconium oxide (ZrO,)-converted concentration of 10% by
mass, 100 g of cerium nitrate solution containing cerium at a
cerium oxide (CeO,)-converted concentration of 20% by
mass, and 95 g of yttrium nitrate solution containing yttrium
atanyttrium oxide (Y ,O;-converted concentration of 10% by
mass. The mixed solution was added with an aqueous solution
containing potassium hydroxide at a concentration of 20% by
mass at room temperature until the pH value reached 12 while
sufficiently stirring the mixed solution so as to cause copre-
cipitation.

[0175] After stirring the mixed solution containing the
coprecipitate at 70° C. for 60 minutes, 20 g of alcohol solution
containing n-propyl alcohol and titanium isopropoxide at a
titanium oxide (TiO,)-converted concentration of 5% by
mass, 10 g of palladium nitrate solution containing palladium
at a concentration of 5% by mass, and 30 g of lanthanum
nitrate solution containing lanthanum at a lanthanum oxide
(La,O;)-converted concentration of 10% by mass were
simultaneously added to the mixed solution while sufficiently
stirring the mixed solution so as to cause coprecipitation in
the mixed solution.
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[0176] Then, the coprecipitate thus obtained was separated
from the solution by filtration and washed with pure water.
After drying the coprecipitate at 110° C., it was fired in the
atmosphere at 700° C. for 5 hours to obtain a fired product in
a form of powder.

[0177] The fired product was then compression-molded,
and the molded product was pulverized into pellets having a
particle diameter of 0.5 mm to 1.0 mm. As above, a pellet
catalyst was obtained as an exhaust gas-purifying catalyst.
Hereinafter, the pellet catalyst referred to as “catalyst C37”.

<Manufacture of Catalyst C38>

[0178] An exhaust gas-purifying catalyst was manufac-
tured by the following method.

[0179] 1,300 mL of deionized water was added with 660 g
of zirconium oxynitrate solution containing zirconium at a
zirconium oxide (ZrO,)-converted concentration of 10% by
mass, 100 g of cerium nitrate solution containing cerium at a
cerium oxide (CeO,)-converted concentration of 20% by
mass, and 95 g of yttrium nitrate solution containing yttrium
at an yttrium oxide (Y,0O;)-converted concentration of 10%
by mass. The mixed solution was added with an aqueous
solution containing potassium hydroxide at a concentration
of 20% by mass at room temperature until the pH value
reached 12 while sufficiently stirring the mixed solution so as
to cause coprecipitation.

[0180] After stirring the mixed solution containing the
coprecipitate at 70° C. for 60 minutes, 10 g of palladium
nitrate solution containing palladium at a concentration of 5%
by mass and 30 g of lanthanum nitrate solution containing
lanthanum at a lanthanum oxide (La,O;)-converted concen-
tration of 10% by mass were simultaneously added to the
mixed solution while sufficiently stirring the mixed solution
$0 as to cause coprecipitation in the mixed solution.

[0181] Then, the coprecipitate thus obtained was separated
from the solution by filtration and washed with pure water.
After drying the coprecipitate at 110° C., it was fired in the
atmosphere at 700° C. for 5 hours to obtain a fired product in
a form of powder.

[0182] Next, the powder was dispersed in 500 mL of deion-
ized water, and 20 g of alcohol solution containing n-propyl
alcohol and titanium isopropoxide at a titanium oxide (TiO,)-
converted concentration of 5% by mass was added to the
dispersion while sufficiently stirring the dispersion so as to
cause coprecipitation in the dispersion.

[0183] Then, the coprecipitate thus obtained was separated
from the solution by filtration and washed with pure water.
After drying the coprecipitate at 110° C., it was fired in the
atmosphere at 700° C. for 5 hours to obtain a fired product in
a form of powder.

[0184] The fired product was then compression-molded,
and the molded product was pulverized into pellets having a
particle diameter of 0.5 mm to 1.0 mm. As above, a pellet
catalyst was obtained as an exhaust gas-purifying catalyst.
Hereinafter, the pellet catalyst is referred to as “catalyst C38”.

<Manufacture of Catalyst C39>

[0185] An exhaust gas-purifying catalyst was manufac-
tured by the following method.

[0186] 1,300 mL of deionized water was added with 840 g
of zirconium oxynitrate solution containing zirconium at a
zirconium oxide (ZrO,)-converted concentration of 10% by
mass, 50 g of cerium nitrate solution containing cerium at a

May 17, 2012

cerium oxide (CeO,)-converted concentration of 20% by
mass, and 50 g of yttrium nitrate solution containing yttrium
at an yttrium oxide (Y,O;)-converted concentration of 10%
by mass. The mixed solution was added with an aqueous
solution containing potassium hydroxide at a concentration
of 20% by mass at room temperature until the pH value
reached 12 while sufficiently stirring the mixed solution so as
to cause coprecipitation.

[0187] After stirring the mixed solution containing the
coprecipitate at 70° C. for 60 minutes, 10 g of alcohol solution
containing n-propyl alcohol and tetramethoxy silane at a sili-
con oxide (Si0,)-converted concentration of 5% by mass and
10 g of palladium nitrate solution containing palladium at a
concentration of 5% by mass were simultaneously added to
the mixed solution while sufficiently stirring the mixed solu-
tion so as to cause coprecipitation in the mixed solution.
[0188] Then, the coprecipitate thus obtained was separated
from the solution by filtration and washed with pure water.
After drying the coprecipitate at 110° C., it was fired in the
atmosphere at 700° C. for 5 hours to obtain a fired product in
a form of powder.

[0189] The fired product was then compression-molded,
and the molded product was pulverized into pellets having a
particle diameter of 0.5 mm to 1.0 mm. As above, a pellet
catalyst was obtained as an exhaust gas-purifying catalyst.
Hereinafter, the pellet catalyst is referred to as “catalyst C39”.

<Manufacture of Catalyst C40>

[0190] A pellet catalyst was manufactured by the same
method as that described for the catalyst C39 except that the
alcohol solution and the palladium nitrate solution were
added to the mixed solution in this order instead of simulta-
neously adding the alcohol solution and the palladium nitrate
solution to the mixed solution. Hereinafter, the pellet catalyst
is referred to as “catalyst C40”.

<Manufacture of Catalyst C41>

[0191] An exhaust gas-purifying catalyst was manufac-
tured by the following method.

[0192] 1,300 mL of deionized water was added with 525 g
of zirconium oxynitrate solution containing zirconium at a
zirconium oxide (ZrO,)-converted concentration of 10% by
mass, 200 g of cerium nitrate solution containing cerium at a
cerium oxide (CeO,)-converted concentration of 20% by
mass, 30 g of neodymium nitrate solution containing neody-
mium at a neodymium oxide (Nd,O;)-converted concentra-
tion of 10% by mass, and 30 g of yttrium nitrate solution
containing yttrium at an yttrium oxide (Y ,O5)-converted con-
centration of 10% by mass. The mixed solution was added
with an aqueous solution containing potassium hydroxide at
a concentration of 20% by mass at room temperature until the
pH value reached 12 while sufficiently stirring the mixed
solution so as to cause coprecipitation.

[0193] After stirring the mixed solution containing the
coprecipitate at 70° C. for 60 minutes, 20 g of ammonium
tungstate solution containing tungsten at a tungsten oxide
(WOj;)-converted concentration of 5% by mass and 10 g of
palladium nitrate solution containing palladium at a concen-
tration of 5% by mass were simultaneously added to the
mixed solution while sufficiently stirring the mixed solution
$0 as to cause coprecipitation in the mixed solution.

[0194] Then, the coprecipitate thus obtained was separated
from the solution by filtration and washed with pure water.
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After drying the coprecipitate at 110° C., it was fired in the
atmosphere at 700° C. for 5 hours to obtain a fired product in
a form of powder.

[0195] The fired product was then compression-molded,
and the molded product was pulverized into pellets having a
particle diameter of 0.5 mm to 1.0 mm. As above, a pellet
catalyst was obtained as an exhaust gas-purifying catalyst.
Hereinafter, the pellet catalyst is referred to as “catalyst C41”.

<Manufacture of Catalyst C42>

[0196] A pellet catalyst was manufactured by the same
method as that described for the catalyst C41 except that the
ammonium tungstate solution and the palladium nitrate solu-
tion were added to the mixed solution in this order instead of
simultaneously adding the ammonium tungstate solution and
the palladium nitrate solution to the mixed solution. Herein-
after, the pellet catalyst is referred to as “catalyst C42”.

° Manufacture of Catalyst C43>

[0197] An exhaust gas-purifying catalyst was manufac-
tured by the following method.

[0198] 1,300 mL of deionized water was added with 640 g
of zirconium oxynitrate solution containing zirconium at a
zirconium oxide (ZrO,)-converted concentration of 10% by
mass, 150 g of cerium nitrate solution containing cerium at a
cerium oxide (CeO,)-converted concentration of 20% by
mass, and 50 g of neodymium nitrate solution containing
neodymium at a neodymium oxide (Nd,O;)-converted con-
centration of 10% by mass. The mixed solution was added
with an aqueous solution containing potassium hydroxide at
a concentration of 20% by mass at room temperature until the
pH value reached 12 while sufficiently stirring the mixed
solution so as to cause coprecipitation.

[0199] After stirring the mixed solution containing the
coprecipitate at 70° C. for 60 minutes, 10 g of alcohol solution
containing n-propyl alcohol and titanium propoxide at a tita-
nium oxide (TiO,)-converted concentration of 5% by mass
and 10 g of palladium nitrate solution containing palladium at
a concentration of 5% by mass were simultaneously added to
the mixed solution while sufficiently stirring the mixed solu-
tion so as to cause coprecipitation in the mixed solution.
[0200] Then, the coprecipitate thus obtained was separated
from the solution by filtration and washed with pure water.
After drying the coprecipitate at 110° C., it was fired in the
atmosphere at 700° C. for 5 hours to obtain a fired product in
a form of powder.

[0201] The fired product was then compression-molded,
and the molded product was pulverized into pellets having a
particle diameter of 0.5 mm to 1.0 mm. As above, a pellet
catalyst was obtained as an exhaust gas-purifying catalyst.
Hereinafter, the pellet catalyst is referred to as “catalyst C43”.

<Manufacture of Catalyst C44>

[0202] A pellet catalyst was manufactured by the same
method as that described for the catalyst C43 except that a
mixed solution of 9.90 g of palladium nitrate solution con-
taining palladium at a concentration of 5% by mass and 0.10
g of dinitrodiamine platinum nitrate solution containing plati-
num at a concentration of 5% by mass was used instead of the
palladium nitrate solution. Hereinafter, the pellet catalyst is
referred to as “catalyst C44”.

<Manufacture of Catalyst C45>

[0203] A pellet catalyst was manufactured by the same
method as that described for the catalyst C43 except that a
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mixed solution of 9.88 g of palladium nitrate solution con-
taining palladium at a concentration of 5% by mass and 0.12
g of dinitrodiamine platinum nitrate solution containing plati-
num at a concentration of 5% by mass was used instead of the
palladium nitrate solution. Hereinafter, the pellet catalyst is
referred to as “catalyst C45”.

<Manufacture of Catalyst C46>

[0204] A pellet catalyst was manufactured by the same
method as that described for the catalyst C43 except that a
mixed solution of 9.76 g of palladium nitrate solution con-
taining palladium at a concentration of 5% by mass and 0.24
g of dinitrodiamine platinum nitrate solution containing plati-
num at a concentration of 5% by mass was used instead of the
palladium nitrate solution. Hereinafter, the pellet catalyst is
referred to as “catalyst C46”.

<Manufacture of Catalyst C47>

[0205] A pellet catalyst was manufactured by the same
method as that described for the catalyst C43 except that a
mixed solution of 9.52 g of palladium nitrate solution con-
taining palladium at a concentration of 5% by mass and 0.48
g of dinitrodiamine platinum nitrate solution containing plati-
num at a concentration of 5% by mass was used instead of the
palladium nitrate solution. Hereinafter, the pellet catalyst is
referred to as “catalyst C47”.

<Manufacture of Catalyst C48>

[0206] A pellet catalyst was manufactured by the same
method as that described for the catalyst C43 except that a
mixed solution of 9.09 g of palladium nitrate solution con-
taining palladium at a concentration of 5% by mass and 0.91
g of dinitrodiamine platinum nitrate solution containing plati-
num at a concentration of 5% by mass was used instead of the
palladium nitrate solution. Hereinafter, the pellet catalyst is
referred to as “catalyst C48”.

<Manufacture of Catalyst C49>

[0207] A pellet catalyst was manufactured by the same
method as that described for the catalyst C43 except that a
mixed solution of 6.67 g of palladium nitrate solution con-
taining palladium at a concentration of 5% by mass and 3.33
g of dinitrodiamine platinum nitrate solution containing plati-
num at a concentration of 5% by mass was used instead of the
palladium nitrate solution. Hereinafter, the pellet catalyst is
referred to as “catalyst C49”.

<Manufacture of Catalyst C50>

[0208] A pellet catalyst was manufactured by the same
method as that described for the catalyst C43 except that a
mixed solution of 5.00 g of palladium nitrate solution con-
taining palladium at a concentration of 5% by mass and 5.00
g of dinitrodiamine platinum nitrate solution containing plati-
num at a concentration of 5% by mass was used instead of the
palladium nitrate solution. Hereinafter, the pellet catalyst is
referred to as “catalyst C50”.

<Manufacture of Catalyst C51>

[0209] A pellet catalyst was manufactured by the same
method as that described for the catalyst C43 except that 10 g
of dinitrodiamine platinum nitrate solution containing plati-
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num at a concentration of 5% by mass was used instead of the
palladium nitrate solution. Hereinafter, the pellet catalyst is
referred to as “catalyst C51”.

<Manufacture of Catalyst C52>

[0210] A pellet catalyst was manufactured by the same
method as that described for the catalyst C43 exceptthat 10 g
of rhodium nitrate solution containing rhodium at a concen-
tration of 5% by mass was used instead of the palladium
nitrate solution. Hereinafter, the pellet catalyst is referred to
as “catalyst C52”.

<Manufacture of Catalyst C53>

[0211] A pellet catalyst was manufactured by the same
method as that described for C43 ex pt that the alcohol solu-
tion and the palladium nitrate solution were added to the
mixed solution in this order instead of simultaneously adding
the alcohol solution and the palladium nitrate solution to the
mixed solution. Hereinafter, the pellet catalyst is referred to
as “catalyst C53”.

<Manufacture of Catalyst C54>

[0212] A pellet catalyst was manufactured by the same
method as that described for the catalyst C53 except that a
mixed solution of 9.76 g of palladium nitrate solution con-
taining palladium at a concentration of 5% by mass and 0.24
g of dinitrodiamine platinum nitrate solution containing plati-
num at a concentration of 5% by mass was used instead of the
palladium nitrate solution. Hereinafter, the pellet catalyst is
referred to as “catalyst C54”.

<Manufacture of Catalyst C55>

[0213] A pellet catalyst was manufactured by the same
method as that described for the catalyst C53 exceptthat 10 g
of dinitrodiamine platinum nitrate solution containing plati-
num at a concentration of 5% by mass was used instead of the
palladium nitrate solution. Hereinafter, the pellet catalyst is
referred to as “catalyst C56”.

<Dispersity Evaluation 2>

[0214] The same line analysis as that performed in the
dispersity evaluation 1 was performed on each of the catalysts
C26to C56.

[0215] Then, a correlation coefficient o(Ce,PM) for the
spectra of the characteristic X-ray intensities obtained for
cerium and a respective precious metal element was calcu-
lated from the following equation (6). Also, a correlation
coefficient o(Ce,AO) for the spectra of the characteristic
X-ray intensities obtained for cerium and titanium, silicon or
tungsten was calculated from the following equation (9).
Further, a correlation coefficient o(AO,PM) for the spectra of
the characteristic X-ray intensities obtained for titanium, sili-
con or tungsten and a respective precious metal element was
calculated from the following equation (10).

[0216] Regarding the catalysts C37 and C38, a correlation
coefficient o(L.a,PM) for the spectra of the characteristic
X-ray intensities obtained for lanthanum and a respective
precious metal element was calculated from the following
equation (11).
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[0217] Inthe equations (8)and (9), [(Av)is a mean value

of'the characteristic X-ray intensity obtained for cerium along
a length of 500 nm, and Iz(n) is a mean value of the charac-
teristic X-ray intensity for cerium that is obtained for an n-th
interval of 25 intervals arranged in a line and each having a
length of 20 nm. In the equations (8), (10) and (11), I, (Av)
is a mean value of the characteristic X-ray intensity obtained
for palladium, platinum or rhodium along a length of 500 nm,
and 1, (n) is a mean value of the characteristic X-ray inten-
sity for palladium, platinum or rhodium that is obtained for an
n-th interval of 25 intervals arranged in a line and each having
a length of 20 nm. In the equations (9) and (10), I ,,(Av)is a
mean value of the characteristic X-ray intensity obtained for
titanium, silicon or tungsten along a length of 500 nm, and
1,,(n) is a mean value of the characteristic X-ray intensity for
titanium, silicon or tungsten that is obtained for an n-th inter-
val of 25 intervals arranged in a line and each having a length
0120 nm. In the equation (11), I, ,(Av) is a mean value of the
characteristic X-ray intensity obtained for lanthanum along a
length of 500 nm, and I, ,(n) is a mean value of the charac-
teristic X-ray intensity for lanthanum that is obtained for an
n-th interval of 25 intervals arranged in a line and each having
a length of 20 nm.

[0218] The correlation coefficients are summarized in
TABLES 4 to 7 below.

<Endurance Evaluation 2>

[0219] Performances of the catalysts C26 to C56 were
checked by the following method.

[0220] First, each of the catalysts C26 to C56 was set in a
flow-type endurance test apparatus, and a gas containing
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nitrogen as a main component was made to flow through the
catalyst bed at a flow rate of 500 mL/minute for 20 hours.
During this period, the temperature of the catalyst bed was
held at 900° C. As the gas made to flow through the catalyst
bed, alean gas and a rich gas were used, and these gases were
switched at intervals of 5 minutes. Note that the lean gas was
a mixed gas prepared by adding sulfur dioxide and oxygen to
nitrogen at concentrations of 0.03% and respectively. Note
also that the rich gas was a mixed gas prepared by adding
sulfur dioxide and carbon monoxide to nitrogen at concen-
trations of 0.03% and 6%, respectively.

[0221] Then, each of the C26 to C56 was set in an atmo-
spheric fixed bed flow reactor. Subsequently, the temperature

16
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of the catalyst bed was raised from 100° C. to 500° C. at the
temperature increase rate of 12° C./minute and the exhaust
gas-purifying ratio was continuously measured while a model
gas was made to flow through the catalyst bed. As the model
gas, used was a gas corresponding to a lean atmosphere with
an air-to-fuel ratio (A/F) of 15. The results were summarized
in TABLES 4 to 7 below.

[0222] Further, for each ofthe catalysts C26 to C56 after the
above-described endurance test, the average particle diameter
of the precious metal particles was calculated from an X-ray
diffraction peak. The results were summarized in TABLES 4
to 7 below.

TABLE 4
Average
particle
50% purifying diameter of
PM cone. AO cone. La cone. temperature (° C. precious Correlation coefficient
Catalyst Composition (mass %) (mass %) (mass %) AO/PM HC NO, metal (nm) o (Ce,PM) o (Ce,AO) o©(AO, PM)
C26 Pd/TICZY 0.5 0.1 0 0.2 367 356 30 0.82 0.79 0.76
c27 Pd/TICZY 0.5 0.5 0 1 363 351 29 0.83 0.81 0.79
C28 Pd/TICZY 0.5 1 0 2 365 350 29 0.82 0.82 0.80
C29 Pd/TICZY 0.5 3 0 6 367 355 30 0.81 0.80 0.78
C30 Pd/TICZY 0.5 5 0 10 380 372 31 0.78 0.76 0.70
C31 Pd/TICZY 0.5 0 0 0 395 381 30 0.82 — —
C32 Pd/TICZY 0.5 1 0 2 384 370 33 0.78 0.77 0.64
C33 Pd/TICZY 0.5 1 0 2 390 376 34 0.80 0.45 0.34
C34 Pd/TICZY 0.5 1 0 2 391 377 43 0.42 0.80 0.31
C35 Pd/TICZY 0.5 1 0 2 395 379 45 0.44 0.39 0.27
C36 Pd/TICZY 0.5 1 0 2 390 373 33 0.78 0.76 0.64
TABLE 5
Average
particle
50% purifying diameter of Correlation coefficient
PMconc. AOconc. Laconc. temperature (° C. precious [y [y [y [y
Catalyst Composition  (mass %) (mass %) (mass %) AO/PM  HC NO, metal (nm) (Ce,PM) (La/PM) (Ce, AO) (AO, PM)
C37 Pd/Ti/La/ 0.5 1 3 2 335 323 27 0.82 0.80 0.80 0.77
CzZY
C38 Pd/Ti/La/ 0.5 1 3 2 358 346 29 0.79 0.79 0.44 0.36
CzZY
C39 Pd/SI/ICZY 0.5 0.5 0 1 372 360 31 0.80 — 0.81 0.78
C40 Pd/SI/ICZY 0.5 0.5 0 1 407 397 35 0.77 — 0.76 0.67
C41 Pd/W/CZNY 0.5 1 0 2 368 355 32 0.81 — 0.79 0.76
C42 Pd/W/CZNY 0.5 1 0 2 395 382 35 0.78 — 0.76 0.66
TABLE 6
Average
particle
50% purifying diameter of
PMconc. AOconc. Laconc. temperature (° C. precious Correlation coefficient
Catalyst Composition (mass %) (mass %) (mass %) AO/PM HC NO, metal (mm) o (Ce,PM) o (Ce,AO) o (AO,PM)
C43 Pd/TI/CZN 0.5 0.5 0 1 358 347 31 0.61 0.81 0.79
C44 Pd/PY/TI/CZN 0.5 0.5 0 1 362 350 32 0.79 (Pd) 0.79 0.79 (Pd)
(Pd:Pt=100:1) 0.80 (Pt) 0.78 (Pt)
C45 Pd/PY/TI/CZN 0.5 0.5 0 1 350 341 29 0.79 (Pd) 0.81 0.76 (Pd)
(Pd:Pt=180:1) 0.78 (Pt) 0.77 (Pt)
C46 Pd/PY/TI/CZN 0.5 0.5 0 1 339 330 26 0.79 (Pd) 0.80 0.78 (Pd)
(Pd:Pt =40:1) 0.80 (Pt) 0.79 (Pt)



US 2012/0122672 Al

May 17, 2012

17

TABLE 6-continued

Average
particle
50% purifying diameter of
PMconc. AO-conc. Laconc. temperature (° C. precious Correlation coefficient
Catalyst Composition (mass %) (mass %) (mass %) AO/PM HC NO, metal (nm) o (Ce, PM) o (Ce,AO) o (AO,PM)
C47 Pd/PY/TiI/CZN 0.5 0.5 0 1 341 331 26 0.78 (Pd) 0.79 0.75 (Pd)
(Pd:Pt =20:1) 0.78 (Pt) 0.75 (Pt)
C48 Pd/PY/TiI/CZN 0.5 0.5 0 1 340 330 25 0.79 (Pd) 0.80 0.77 (Pd)
(Pd:Pt =10:1) 0.78 (Pt) 0.76 (Pt)
C49 Pd/PY/TiI/CZN 0.5 0.5 0 1 349 342 22 0.78 (Pd) 0.79 0.75 (Pd)
(Pd:Pt =2:1) 0.78 (Pt) 0.75 (Pt)
C50 Pd/PY/TiI/CZN 0.5 0.5 0 1 357 355 17 0.78 (Pd) 0.79 0.76 (Pd)
(Pd:Pt=1:1) 0.77 (Pt) 0.74 (Pt)
Cs1 Pt/TiI/CZN 0.5 0.5 0 1 369 377 13 0.79 0.79 0.77
C52 RWTI/CZN 0.5 0.5 0 1 377 372 ND 0.78 0.80 0.77
TABLE 7
Average
particle
50% purifying diameter of
PMconc. AO-conc. Laconc. temperature (° C. precious Correlation coefficient
Catalyst Composition (mass %) (mass %) (mass %) AO/PM HC NO, metal (nm) o (Ce, PM) 0o (Ce,AO) ©(AO,PM)
C53 Pd/TiI/CZN 0.5 0.5 0 1 375 361 35 0.77 0.75 0.66
C54 Pd/PY/TiI/CZN 0.5 0.5 0 1 357 348 31 0.76 (Pd) 0.76 0.65 (Pd)
(Pd:Pt =40:1) 0.76 (Pt) 0.66 (Pt)
C55 Pt/TiI/CZN 0.5 0.5 0 1 388 394 15 0.76 0.75 0.65
C56 RWTI/CZN 0.5 0.5 0 1 396 389 ND 0.76 0.76 0.66
[0223] In the columns of TABLES 4 to 7 labeled with [0225] FIG. 7 is a graph showing another example of influ-

“Composition”, “CZY” represents a composite oxide con-
taining cerium, zirconium and yttrium, “CZN” represents a
composite oxide containing cerium, zirconium and neody-
mium, and “CZNY” represents a composite oxide containing
cerium, zirconium, neodymium and yttrium. “PM conc.” rep-
resents a concentration of a precious metal, “AO conc.” rep-
resents a concentration of an acidic oxide, and “AO/PM”
represents a mass ratio of an acidic oxide to a precious metal.
Each value in the columns labeled with “50% purifying tem-
perature” represents the lowest temperature of the catalyst
bed at which 50% or more of the respective component of the
model gas was purified. Specifically, the columns labeled
with “HC” and “NO,” show the data obtained for hydrocar-
bons and the data obtained for nitrogen oxides, respectively.
“ND” in the columns labeled with “Average particle diameter
of precious metal” indicates that no diftraction peak was
detected.

[0224] As shown in TABLE 4, the catalyst C28 has the
same composition as those of the catalysts C32 to C36. How-
ever, the catalyst C28 has correlation coefficients o(Ce,PM)
and o(Ce,AO) that are equal to or greater than those of the
catalysts C32 to C36 and has a correlation coefficient o(AO,
PM) that is greater than those of the catalysts C32 to C36.
Further, the catalyst C28 is excellent in the HC- and NO,-
puritying performance than the catalysts C32 to C36, and the
average particle diameter of the precious metal after a long-
term use is smaller in the former than in the latter. This reveals
that the correlation coefficients o(Ce,PM), o(Ce,AO) and
0(AO,PM), in particular, the correlation coefficient o(AQO,
PM) have an effect on the endurance of the catalyst.

ence that a mass ratio of palladium to platinum exerts on the
NO, -purifying performance after an endurance test. FIG. 8 is
a graph showing an example of influence that a mass ratio of
an acidic oxide to a precious metal exerts on the NO_-purify-
ing performance endurance test.

[0226] The graphs shown in FIGS. 7 and 8 were plotted
using a part of data shown in TABLES 4 to 7. In the graph of
FIG. 7, the abscissa represents a mass ratio of palladium to
platinum, while the ordinate represents 50% purifying tem-
perature for NO_. In the graph of FIG. 8, the abscissa repre-
sents a mass ratio of acidic oxide to precious metal, while the
ordinate represents 50% purifying temperature for NO.,.

[0227] As shown in FIG. 7, 50% purifying temperature of
342° C. or less could be achieved in the case where the mass
ratio of palladium to platinum was within a range of 2 to 80.
Further, in the case where the mass ratio was within a range of
10 to 40, 50% puritying temperature of 330° C. to 331° C.
could be achieved.

[0228] As shown in FIG. 8, 50% purifying temperature of
372° C. or less could be achieved in the case where the mass
ratio lanthanum to precious metal was within a range 0f 0.2 to
10. Further, in the case where the mass ratio was within a
range 0f 0.2 to 6, 50% puritying temperature of 356° C. or less
could be achieved.

[0229] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the inven-
tion in its broader aspects is not limited to the specific details
and representative embodiments shown and described herein.
Accordingly, various modifications may be made without
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departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.
What is claimed is:
1. An exhaust gas-purifying catalyst comprising:
first particles of oxygen storage material;
second particles of one or more rare-earth elements other
than cerium and/or compounds thereof interposed
between the first particles; and
third particles of one or more precious metal elements
interposed between the first particles,
wherein a spectrum of a first characteristic X-ray intensity
for one of the one or more rare-earth elements other than
cerium and a spectrum of a second characteristic X-ray
intensity for one of the one or more precious metal
elements that are obtained by performing a line analysis
using energy-dispersive X-ray spectrometry along a
length of 500 nm have a correlation coefficient o(RE,
PM) of 0.68 or more, the coefficient o(RE,PM) being
calculated from an equation:

| B
7 XZ [{re(n) — Irg(AV)} X {lpas () — Ipas (AW)}]
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in which I -(Av) and 1., (Av) are mean values of the first and
second characteristic X-ray intensities obtained along a
length of 500 nm, respectively, and I, (n) and 1,,,(n) are a
mean value of the first characteristic X-ray intensity and a
mean value of the second characteristic X-ray intensity that
are obtained for an n-th interval of 25 intervals arranged in a
line each having a length of 20 nm, respectively.

2. The exhaust gas-purifying catalyst according to claim 1,
wherein the one or more rare-earth elements other than
cerium are at least one of Lanthanum and neodymium.

3. The exhaust gas-purifying catalyst according to claim 2,
wherein the oxygen storage material contains cerium, the one
or more rare-earth elements other than cerium includes lan-
thanum, the one or more precious metal elements includes
palladium, and the first and second characteristic X-ray inten-
sities are characteristic X-ray intensities of lanthanum and
palladium, respectively.

4. The exhaust gas-purifying catalyst according to claim 3,
wherein the one or more precious metal elements are palla-
dium and platinum.

5. The exhaust gas-purifying catalyst according to claim 4,
wherein a mass ratio of palladium to platinum falls within a
range of 2 to 80.
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6. The exhaust gas-purifying catalyst according to claim 5,
wherein a ratio of mass of the one or more rare-earth elements
other than cerium to total mass of the first to third particles
falls within a range of 1% to 10% by mass.

7. The exhaust gas-purifying catalyst according to claim 6,
wherein a ratio of mass of the one or more rare-earth elements
other than cerium to mass of the one or more precious metal
elements falls within a range of 0.1 to 10.

8. The exhaust gas-purifying catalyst according to claim 5,
wherein a ratio of mass of the one or more rare-earth elements
other than cerium to mass of the one or more precious metal
elements falls within a range of 0.1 to 10.

9. The exhaust gas-purifying catalyst according to claim 1,
wherein the one or more rare-earth elements other than
cerium are two or more rare-earth elements, the one or more
precious metal elements are two or more precious metal ele-
ments, or the one or more rare-earth elements other than
cerium are two or more acidic oxides and the one or more
precious metal elements are two or more precious metal ele-
ments, and wherein a spectrum of a first characteristic X-ray
intensity for each ofthe one or more rare-earth elements other
than cerium and a spectrum of a second characteristic X-ray
intensity for each of the one or more precious metal elements
that are obtained by performing a line analysis using energy-
dispersive X-ray spectrometry along a length of 500 nm have
a correlation coefficient o(RE,PM) of 0.68 or more.

10. The exhaust gas-purifying catalyst according to claim
9, wherein a ratio of mass of the one or more rare-earth
elements other than cerium to total mass of the first to third
particles falls within a range of 1% to 10% by mass.

11. The exhaust gas-purifying catalyst according to claim
10, wherein a ratio of mass of the one or more rare-earth
elements other than cerium to mass of the one or more pre-
cious metal elements falls within a range of 0.1 to 10.

12. The exhaust gas-purifying catalyst according to claim
9, wherein a ratio of mass of the one or more rare-earth
elements other than cerium to mass of the one or more pre-
cious metal elements falls within a range of 0.1 to 10.

13. The exhaust gas-purifying catalyst according to claim
1, wherein a ratio of mass of the one or more rare-earth
elements other than cerium to total mass of the first to third
particles falls within a range of 1% to 10% by mass.

14. The exhaust gas-purifying catalyst according to claim
13, wherein a ratio of mass of the one or more rare-earth
elements other than cerium to mass of the one or more pre-
cious metal elements falls within a range of 0.1 to 10.

15. The exhaust gas-purifying catalyst according to claim
1, wherein a ratio of mass of the one or more rare-earth
elements other than cerium to mass of the one or more pre-
cious metal elements falls within a range of 0.1 to 10.
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