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(57) Abstract: Provided is an exhaust gas purification catalyst (10) that has a substrate (11), a lower catalyst layer (12) that is
formed on the substrate and contains at least one of Pd and Pt, and an upper catalyst layer (13) that is formed on the lower catalyst
layer and contains Rh. A region that does not contain the upper catalyst layer is disposed on the exhaust gas upstream side of this ex -
haust gas purification catalyst, and the lower catalyst layer is formed of a front-stage lower catalyst layer (12a) on the exhaust gas up-
stream side and a rear-stage lower catalyst layer (12b) on the exhaust gas downstream side. The front-stage lower, catalyst layer con -
tains an. oxygen storage material.
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DOUBLE LAYERED EXHAUST GAS PURIFICATION CATALYST

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] ~The invention relates to an exhaust gas purification catalyst and more
particularly to an.'exhaus_t gas purification catalyst in which a plurality of different
catalyst layers are coated on a substrate.

2. Description of Related Art

[0002]  Three-way catalysts, which simultaheously carry out oxidation of the
carbon monoxide (CO) and hydrocarbon (HC) and reduction of the nitrogen oxide (NOx)
in the exhaust gas, are used as exhaust gas purification catalysts in automotive
applications. In a widely available three-way catalyst, a catalyst léyer made of a porous
oxide, e.g., alumina (Al,03), is‘coated on a cordierite honeycomb substrate and noble
metal, e.g., platinum (P't), rhoaium (Rh), palladium (Pd), and so forth, is supported on this
catalyst layer. ‘

[0003] .In addition, controlling the ratio between the air and fuel (air-fuel ratio
A/Fj‘supplied to the cﬁgine of an automobile to around the stoichiometric air-fuel ratio
.(stoichionlletric) is critical for achieving the simultaneous and efficient purification of the
three componeﬁts CO, HC, and NOX by the action of the three-way catalyst. However,
the actual air-fuel ratio varies to fhe rich side (fuel-rich atmosphere) or the lean side |
(fuel-lean atmospherej around the stoichiometric due to, for example, the vehicle driving
'(_:ondiiions, and as a consequence the exhaust gas atmosphere similarly also varies to the
rich side or lean side. Accordingly, a high purificatidn performance cannot always bé
maintained with just a three-way catalyst alone. Thus, in order to increase the exhaust
gas purification capacit}'r of a three-way catalyst bvy absorbing variations in the oxygen
concentration in the exhaust gas, an oxygen storage material ﬁaving a so-caII,ed. oxygen
storage capacity (OSC) — wherein oxygen is intaken when thé oxygen concentration in

the exhaust gas is high and oxygen is released when the oxygen concentration in the
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exhaust gas is low — is used in the exhaust gas purification catalyst; a ceria—zirconia
.(Ce02-Zr0,) composite oxide is an example of such an oxygen storage material. |

[0004] However, exhaust gas regulations for, e.g., .éutomobiles and so forth,
have been becoming more and more rigorous throughout thg world over the last few
'years, and responding to this has required additional improvements in the catalytic
performance of exhaust gas purification éatalysts. Thu§, in order to bring about the
effective manifestation of the functionalities of the aforcmentionéd noble metals, oxygen
storage material, and so forth, that are used in exhaust gas purification cétalysts, exhaust
gas purification catalysts have been proposed in which these materials are disposed ona
substrate in a plurality of catalyst layers that are each different (refer, for exarhple, to -
-Japanese Patent Application Publication Nos. 2007-038072 (IP-A-2007-038072),
2006-326428 (JP-A-2006-326428), and 2010-005592 (JP-A-2010-005592)).

'[0005] Various ipvestigations have also been carried out into the méterial' of 'thc
oxygen storage material itself. For example, because a CeO,—~ZrO; composite oxide
having a pyrochlore phase has a high OSC, several proposals have also Been made with
regard to exhaust gas purification catalysts that use such a material (refer, for examplé, to
Japanese Patent Application Publication Nos. 2003-246624 (JP-A-2003-246624) and
2005-170774 (JP-A-2005-170774) and WO 2008/093471).
| [0006] It is very important for. improving the exhaust gas purification
performance of three-way catalysts that the catalyst metal that is the active 'metal species
of the three-way catalyst, e.g., Pd, Pt, Rh, and so forth, be supported in‘a highly disperse
state on the catalyst support. In the particular case of application as an automotive
gxhaust gas purification catalyst, the temperature to which the; catalyst is exposéd
undergoes repeated variation between ambient temperature and approximately 1000°C,
and the atmosphere to which the catalyst is exposed also rcﬁq:atedly varies between a ‘
reducing atmosphere having a high concentration of HC and CO and a low O;
concentration and an oxidizing atmosphere having a low concentration of HC and CO
and a high O, concentration. Accordingly, it is also necessary to maintain the catalyst

metal, e.g., Pd, Pt, Rh, and so forth, supported in a highly disperse state on the catalyst
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support under these conditions as well.
[0007] | However, when these catalyst metals are subjected to long-term exposure
to high temperatures, they migrate on the support and form coarse pérticles, that is,
sintering occurs. A catalyst metal that has undergone particle growth due to sintering
canpot maintain a high contact surface area with the exhaust gas, and the exhaust gas
.purifi_cation performance of the catalyst then ultimately declines with elapsed time. In
additidn to sintering-induced particle growth under high temperatures, the Pt and Rh are
converted to the oxide and undergo particle growth in strongly oxidizing atmospheres,
sucﬁ as during fuel cut-off operation, while Pd also undergocs particle growth in a
strongly reducing atmosphere, such as during accelcraiion, with the result that the exhaust
gas purification performance of the catalyst ends up declining.

I' [0008]  JP-A-2007-038072, JP-A-2006-326428, and JP-A-2010-005592 describe
exhaust gas purificati()ﬁ qatalyéts in which a plurality of different catalyst layers are
coated on a substrate and also state that an exccllént exhaust gas purification performance
can be achieved with these exhaust gas purification catalysts even during,b for exéunplc,
cold starting and warm u‘p. However, the inhibition of catalyst metal particle growth is
not hecessarily thoroughly examined in JP-A-2007-038072, JP-A-2006-326428, and
JP—A—2010-005592, and there is thus still room to improve the exhaust gas purificat.ion
catalysts described in this related art in terms of raising the exhaust gas purification

performance.

SUMMARY OF THE INVENTION
[0609] = The invention therefore provides an exhaust gas purification“-éatalyst
wherein particle growth by the catalyst metal can be inhibited due to a novel structure.
[0010] A first aspect of the invention relates to an exhaust gas purification
catalyst thét has a substrate, a lower catalyst layer that is formed on the substra;ce and
contains at least oné of Pd and P;, and an upper catalyst layer that is formed on the lower
-catalyst layer and contains Rh. In this exhaust gas purification catalyst, a region that

~does not contain the upper catalyst layer is disposed on an exhaust gas upstream side of
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the exhaust gas purification catalyst, the lower catalyst layer is formed of a front-stage
lower catalyst layer on the exhaust gas upstream side and a rear-stage lower catalyst layer
on an exhaust gas downstream side, and the front-stage lower catalyst layei contains an
oxygen storage material. The oxygen storage material in the exhaust gas purification
catalyst according to this aspect may contain a CeO; or a CeO~Z10; composite oxide.
This Ce0,-Zr0O; composite oxide may have a pyrochlore phase formed of Ce,Zr,01.

An amount of addition of the CeO,~ZrO; composite oxide may be at least 5 g.
‘Moreover; a catalyst suppért that supports at least one of Pd and Pt in the ﬁont-stage_
lower cataiyst layer may be a ZrQ, composite oxide. having ZrO; as ifs main component
and further containing at least one element selected from the group consisting of La, Y, Pr,
and Nd. The front-stage lower catalyst layer may be coated over 20 to 35% of the total
‘lenigth of the substrate, the fear-stage Iowéf catalyst layer may be coated over 65 to 80%
| of the total length of the substrate, and the upper cataiyst layer may be coated over 80 to
90% of the total length of the substrate.

[0011]  Through the placemént of an oxygen storage material in the front-stage'
lower catalyst layer on the exhaust gas upstream side of the substrate, the exhaust gas
purification catalyst of the invention can iﬁh}bit particle growth by each éf the catalyst
metals supported in each of the catalyst layers and particularly in the réar-stage lower
‘catalyst layer and upper catalyst layer that are on the exhaust gas downstream side.
Throﬁgh the disposition on the exhaust gas upstream si’de of a region that does not
" contain the upper catalyst layer, the exhauét gas purification catalyst of the invention can
raise the diffusibility of HC into the interior of thé front;sta'ge lower catalyst layer and as
a result can promote HC purification at the front-stage lower catalyét layer and in
consequence thereof can achieve a satisfactory catalyst warm-up performance. This
exhaust gas. purification catalyst is therefore able to achicve a high exhaust gas

purification performance for the catalyst as a whole.

BRIEF DESCRIPTION OF THE DRAWINGS

"[0012] = Features, advantages, and technical and industrial significance of
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exemplary embodiments of the invention will be described below with reference to the
accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a schematic diagram that shows a cross section of the catalyst layers in the
exhaust gas purifiéation catalyst of the invention;

FIG. 2 is a graph that shows the relationship between the atmosphere to which the
catalyst is exposed and the particle diameter of the catalyst metal;

FIG. 3 is a graph that shows the relationship between the atmosphere to wh1ch the
catalyst is exposed and the particle diameter of the catalyst metal;

FIG. 4 is a graph that shows the inhibitory effect on Pd particle growth for exhaust
gas purification catalyst A of Example 1 and exhaust gas purification Lcatalyst a of
Comparatwe Example 1;

FIG. 5 is a graph that shows the oxygen storage capacxty for exhaust gas punficanon
catalysts Ato D of Examples 1 to 4 and exhaust gas purlﬁcatlon catalysts a and b of
Comparative Examples 1 and 2; ' |

FIG. 6 is a graph that shows the average particle diameter of Rh particles for
éxhaust gas purification catalysts A to D of Examples 1 to 4; |

- FIG. 7is a graph that shows the NOx purification rate for exhaust gas purification
'catalysts A td D of Examples 1 to 4; and
FIG. 8 is a graph that shows the relationship between the amount of addition of a

‘ ACeO;_—ZrO;_composite oxide having a pyrochlore phase and the oxygen storage capacity.

DETAILED DESCRIPTION OF EMBODIMENTS
[0013] FIG. 1 is a schematic diagram that shows a cross sgction of the catalyst
layers in an exhaust gas purification catalyst according to an embodiment of the invention.
The exhaust gas purificatidn catalyst 10 of this embodiment contains, as catalyst layers, a |
lower catalyst layer 12 and an upper catalyst layer 13 on a substrate 11, and has a region
lacking the upper catalyst layer 13 disposed on the upstrcém portion of fhe. catalyst
considered with respect to the direction of exhaust gas flow. In addition, the lowef

catalyst layer 12 is formed of a front-stage lower catalyst layer 12a on the exhaust gas
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upstream side and a rear-stage lower catalyst layer 12b on the exhaust gas downstream
side. The front-stage lower catalyst layer 12a and the rear-stage lower‘c'atallyst layer 12b
each contain at least one of Pd aﬁd Pt, and the front-stage lower catalyst léyer 12a further
- contains an oxygén storage material (a material with an OSC). The upper catalyst layer
13 contains Rh as a catalyst metal.
| [0014] As noted abqve, particle growth c:in occur with each of the noble metals
used as catalyst metals in the exhaust gas purification catalyst, ie., Pd, Pt, Rh, and so
Aforth, under the influence of the tempefature and atmosphere to which the catalyst is
exposed. In addition, catalyst metal that has undergone particle growth cannot maintain
-a high area of contact with thé exhaust gas, which results in a decline in the exhaust gas
purificatibn performancé of the catalyst. On the other hand, and als‘o as previously
noted, the exhaust gas atmosphere to which the catalyst is expose;,d varies depénding on
the vehicle driving conditions to the rich (fuel-rich atmosphere) side or lean (fuel-lean
atmosphere) side. The following tests were carried out in order to examine the
influence exercised by the exhaust gas atmosphere — and particularly its variatién —on
particle érowth by the catalyst metal.
| [0015] - The catalyst used in the tests was prepared by supporting Rh on an
alumina powder by an impregnation method and mdlding the resulting powder into pellet
| form. Durability testing was carried out by switching a plurality of tiines at a prescribed
time interval and a prescribed temberature between é rich mode] gas (CO/Ny balance or
pfopylene (C3Hg)/Ny balance) and a lcaﬁ -model gas (OyNz balance). After this
‘ durability testing, the average particle diameter of the Rh‘particles was calculated for
each catalyst using a crystallite diameter calculation method based on m_eés_urement of the
half-value width in X-ray diffraction. These results are shown in FIGS. 2 and 3.

- [0016] FIG. 2 shows the results whén the O, concentration in the lean model gas
was fixed at a prescribed concentration and the CO or C3Hg concentration in the rich
: mbd.el gaé was varied. Similarly, FIG. 3 shovx%s the results when the CO concentration in
the rich model gas was fixed at a prescribed concentration and.the‘ 0 concentration in the

lean model gas was varied.
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[6017] An examination of FIG. 2 demonstrates that, for both of the gases CO -
zi,nd CsHs, particle growth by the Rh particles progresses more at a higher concentration
of these gases, i.c., in a more reducing atmosphere, and at a larger fluctuation in this
reducing atmosphere. -Similarly, an examination of FIG. 3 demonstrates that particle
growth by the Rh particles progresses more at a higher O, conceritration, i.e., in a more
oxidizing atmosphere, and at a larger fluctuation in this oxidizing‘atmosph_ere. These
results also show that the development of particle growth by the noble metal used as the
catalyst metal in the exhaust gas purification cataiyst, e.g., Rh and so forth, is accelerated,
regairdless of whether the atmosphere to which the catalyst is exposed is reducing or
oxidizing, as the stiength of these atmospheres increases and as the size of the fluctuation
in these atmospheres incieases. Accordingly, it can be concluded that inhibiting the
variation in the exhaust gas atmosphere flowing into the catalyst is extremely important
for' inhibiting particle growth by the -catalyst metal and thereby maintaining a high
éatalyst activity. o
[0018]  With regard to an exhaust gas purification catalyst as shown in FIG. 1,
-i.e., a so-called zone-coated catalyst in which a plurality of different catalyst layers are
coated on the exhaust gas uypstream side and exhaust gas downstream side of a suﬁstfate,
the inventors discovered that particle growth by each of the catalyst metals supported on
the individual catalyét laiyers, and particularly in the upper catalyst layer 13 and the
rear-stage lower catalyst layer 12b on 'the exhaust gas downsircam side, can be
substantjally inhibited by placing a material that has anl OSC, i.e., an oxygen storage
material, in the front-stage lower catalyst layer 12a. |
[0019] | Without intending to be bound by any particular theory, it is thoﬁght that
in the exhaust gas purification catalyst of this embodiment the HC and CO in the exhaust
gas are mainly oxidatively purified in the front-stage lower catalyst layer 12a that resides
on the exhaust upstream side; the residual HC and so forth that did ni)t undergo oxidative
purification in the front-stage lo‘wer catalyst layer are removed in the rear-stage lower
catalyst layer 12b that resides on the exhaust gas downstream side; and the NOx is

‘mainly reductively purified in the upper catal)}st layer 13 that resides on the exhaust gas
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downstream side. Accordingly, it is thought that the exhaust pudfication performance
of the exhaust gas purification catalyst, and particularly its NOx purification performance,
are substantially improved due to an inhibition in particular of particle growth by the
catalyst metal supported in the catalyst layers on the eihaust gas downstream side, which
is brought about by the placement of an oxygen storage material in the front-stage lower
catalyst layer 12a.

[0020] There are no particular limitations oh the substrate 11 in this embodiment,
and any maf;arial ordinarily used in an exhaust gas purification catalyst can be used for
the substrate 11. In specific terms, a honeycomb-configured.material having a large

pumber of cells can be used for the substrate 11; for example, a héat—resistant ceramic
material, e.g., cordierite (2MgO - 2Al150; - 58i0;), alumina, zirconia, silicon carbide, and
so forth, or a metal material formed of a metal foil of, e.g., stainless steel, can be used for
the substrate il. )

[0021]  There are no particular limitations in this embodiment on the catalyst
suppox’t constituting the lower catalyst layer 12, i.e., the front-stage lower catalyst layer
.12a and the rear-stage lower catalyst layer 12b, that is coatéd on the substrate 11, and any
metal oxide generally used as a catalyst support can be used. ‘This'catalyst support can
be exemplified by a metal oxide selected from the group consisting of .alumina (Al;03),
zirconia (Z102), ceria (CeQy), silica (Si0;), titania (Ti02), and their combinations, and the

 use for the front-stage Jlower catalyst layer 12a of a metal oxide having ZrO; as its main
component is particularly preferred. | | | |

| [0022] Paﬂicularly at low temperatures, e.g., during a cold engine start, the
exhaust gas purification catalyst of this embodiment carxies out purification of the HC in
the exhaust gas mainly by the Pd and/or Pt supported in the front-stage iower catalyst
layer 12a. " The reaction heat produced during this HC purification then warms the
rear-stage lower catalyst layer 12b and the upper catalyst layer 13 that reside on the
exhaust gas downstream side, and this functions to activate the catalyst metals supported
in these catalyst layers. Thus, in order to accelerate this catalyst warming and improve

the purification performance of the catalyst as a whole, the use is preferred for the
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catalyst support constituting the front-stage lower catalyst layer 12a of a catalyst support
that has a low specific heat and is thus easily warmed. Given this, the use is more
preferred for this catalyst support of a metal oxide having ZrO; — which has a lower
' specific heat than the metal oxides generally used for cat'alyst Supports, €. g.‘, Al;03 and so
forth — as its main component. This concept of "h‘aving}ZrOZ as its main component”
as used in the invenﬁon means that ZrO; accounts for more than 50% of the total mass of
the materials that constitute the catalyst support. | |
[0023]  When a metal oxide having ZrO; as its main component is used for the
cataiyst suppdrt constituting the lower catalyst layer 12 in this embodiment and
particularly for the catalyst support 4cor'lstituting the front-stage lower catalyst layer 12a,
" in addition to the ZrQ; this metal oxide may also pontain a supplementary element such
as an.vélkéline-carth metal, a rare-earth element, and so forth, and preferably contains at
Jeast one supplementary element selected from the group cc;nsisting of lanthanum (La),
yttrium (Y), praseodymium (Pr), and neodymium (Nd), and more preferably contains La
and/or Y. The additioﬁ of -such a supplementary element can improve the heat resistance
of Zr0y. -

[0024] | In this embodiment, at least one of Pd and Pt is supported as a catalyst
metal in the lower catalyst layer 12 containing the previoﬁsIIy described catalyst support,
i.e., in the front-stage lower catalyst layer 12a and the rear-stage lower ‘cata'lyst layer 12b.
The catalyst metal supported in fhc lower cétalyst layer 12 is not necessarily limited to
'only Pd and/or Pt, and a metal or métals other than these metals may optionally be
“supported as appropr-iatc in addition to thesé, metals or in place of a portion of these
metals, for example, Rh -aﬁd so forth may be supported.
| [0025] Generally, when Rh is used in the same catalyst layer as Pd and/or Pt, the
NOx purification performance of the Rh may be reduced by a reéc_tion occurring at high
temperatures between the Rh and Pd and/or Pt that results in a partial alloying. -
However, when considered from the perspeétive of the oxidation activity for HC and CO,
this alloying may not necessarily have a deleterious effect and may on the contrary have

an advantageo{ls action. As previously noted, the Pd and/or Pt supported in the lower
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‘cata]yst layer 12 in the exhaust gas purification catalyst of this embodiment has mainly an
oxidative purification action on the HC and CO in the exhaust gas. Thus, when a metal

| other than Pd or Pt is supported in the lower catalyst layer 12, this other‘metal should be
selected as appropriate — with a thorough consideration of the oxidation activity for HC
and CO by the Pd and/or Pt — within a range in which these oxidation activities are not
impaired.

[0026]  The front-stage lower catalyst layer 12a contains an oxygen storage
material in this embodiment. This oxygen storage material is not particularly limited so
'long as it has an OSC, however, the use 6f ceria (CeOz) or a ceria—zirconia (CeOx-Zr0y)
composite oxide is preferred.

[0027] In this embodiment, the oxygen storage material, and particularly CeO,
or a CeO,—Z10; composite oxide, may additionally contain a supplementary component.
For example, the CeO; or Ce0-ZrO; composite oxide may furthér contain at least one
element sclected from the groﬁp consisting of alkaline-earth metals and‘ rare-earth
elements. The addition of such'a supplementary element can improve the h‘éat
resistance of the CcOz._or Ce02-Z10; composite oxide. This supplementary element can
be specifically. exemplified by lanthanum (La), ytrium (Y), praseodymium (Pr),
neodymium (Nd), and combinations of the preceding, wherein La and/or Y is particularly
preferred. | A

[0028] Fluctuations in the atmosphere in the exhaust gas flowing -into the
exhaust gas purification catalyst can be reliably inhibited by the disposition of the
aforementioned oxygen storage material in the front-stage lchr catalyst layer 12a, and in
consequence tﬁc;reof particle growth by the catalyst metal supported in the individual

»catalyst layers — and particularly in the upper catalyst layer 13 and rear-stage lower -
catalyst layer 12b residing on the exhaust gas downstream side — can be inhibited.

[0029]  Particle growth by thé catalyst metal supported in the individual catalyst -
Jayers on the exhaust gas downstream side can also be inhibited, for example, when the
o-xygcn storage material is disposedlin the rear-stage lower catalyst layer 12b but not in

the front-stége lower catalyst layer 12a. However, the inhibitory effect on catalyst metal
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particle .growth obtained in this case is not always satisfactory when compared to
dispositiori of the oxygen storage material in the front-stage lower catalyst layer 12a.
[0030] The oxygen storage material may be disposed not just in the front-stage
lower catalyst layer 12a, but also additionally in the rear-stage lower catalyst layer 12b.
NOx is mainly reductively purified by the Rh supported in the upper catalyst layer 13
residing on the exhaust gas denstream side in the exhaust gas purification catalyst of
this embodiment. - Here, the disposition of the oxygen storage material in the rear-stage
Iowef catalyst layer 12b residing on the exhaust gas downstream side makes it possible to
regulate the air-fuel ratio A/F .in the exhaust gas to a desirable A/F value for the reductive
purificatioh of NOx by Rh. That is, the exhaust gas purification performance for the
exhaust gas purification catalyst as a whole, and in particular the NOx purification
performance, can be further improved by aiso dispbsing an oxygen storage material in the ‘
rear-stage lower catalyst layer 12b in addition to its disposition in the front-stage lower
catalyst layer 12a. When the oxygen storage material is also disposed in the rear-stage
lower catalyst layéf 12b, this oxygeﬂ storage material may be used as a catalyst support in
the rear-stage lower catalyst layer 12b and the Pd and/or Pt may be supported thereon.
[0031] The inventors also dlscovered that the inhibitory effect on catalyst metal
particle growth is further improved by the use as the oxygen- storage material of a
Ce0,~Zr0, composite oxide having a pyrochlore phase formed of Ce,Zr,O1.
_ [0032] This Ce0,-Zr0, composite oxide having a pyrochldre phase has a higher
OSC t‘han'a conventional CeO,—-Zr0O; composite oxide having, for example, a tetragonai _
" or cubic crystalline étructure. The use of a CeO,—Zr0; composite oxide having a
pyrochlore phase in exhaust gas purification catalysts has therefore been investigated and
has been proposed in the related art. However, the related art contains no specific
shoWing whatsoever with regard to the relationship between such a CeO-ZrO;
composite oxide having a pyrochlore phase and particle growth by the catalyst metal.
Therefore, the idea that catalyst metal particle growth can be inhibited by the apprdpriate
disposition of a CeO2~ZrO, composite oxide having a pyrochlore phase in the catalyst

layer of an exhaust gas purification catalyst, as in the invention, and the idea that a
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CeO,-ZrO; composite oxide having a-pyrochlore phase has a better inhibitory effect on
this catalyst metal particle growth than a conventional CeO>-ZrO; composite oxide
having, for example, a tetragonal or cubic crystalline structure, again as in the invention,
are quite unanticipated and should be regarded as surprising. |

.[0033] The exhaugt gas purification catalyst in this embodiment, for example,

- may use the oxygen storage material as a support in the front-stage lower cgtalyﬁt layer
12a, and the Pd :and/or Pt may be supported on this oxygen storage material. Thus, in
this embodiment the oxygen storage material may be used in combination with a catalyst
su-ppoft, e.g., the previously described metal oxide having ZrO; as its Iﬁain component, or

‘may be used in its place. . Ho&eVer, the previously described CeO2-ZrO composite -

oxide having a.pyrochlore i)hase typically has a small specific suiface area an_d thus may

‘not always be suitablé as a catalyst support. Asa consequence, in the particular case of
the use in this embodiment of a CeOz~ZrOz‘c'omposite oxide having a pyrochlore phase
as the oxygen storage material, for example, the previously described metal oxide having
ZrO, as its main component is preferably used as the catalyst support in the front-stage
lower catalyst layer 12a.

' [0034] The dxygen_ storége material can be added in this erﬁbodimcnt to the
front-sfage lower catalyst layer 12a in an amount sufficient to inhibit particle growth by
the individual catélyst metals supported in 'thc individual catalyst layers and particularly
in the rear-stage lower catalyst layer 12b and the upper catalyst layer 13. For example,
the oxygen storage material is gene;ally coated on the substrate in an amount that
provides 20 to 100 g/substrate-L (per' 1 L of substrate) and preferably 30 to 60
g/substratc-L as the amount of oxygen storage material with referencé to the substrate,
although there is no particular limitation to this. |

[0035] = When a CcOz;-ZrOZ composite 6xide having a pyrochlore phase is used
as the aforementioned oxygen storage material, preferably at least 5.g and more
preferably from St0 20 g of the Ce0,-Z10, composite oxide having a pysochlore phase -
can be added to thé front-stage lower catalyst layer 12a. |

[0036] When the amount of addition for the-CeO»=ZrO; composite oxide having
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a pyrochlore phase is less than 5 g, the inhibitory effect on particle growth by the

individual catalyst metals, i.e., Pd and/or Pt and Rh, supported in the individual catalyst
layers and particularly in the rear-stage lower catalyst layer 12b and the upper catalyst
Jayer 13 may be almost nonexistent or may be unsatisfactory. | When, on the other hand,
'thg amount of addition for the CeOz—ZrOZ composite oxide having a pyrochlore phase is
too large, the engine éontrollabjlity may deteriorate, although the catalyst will have a high
oxygen storage capacity.

[0037]  Considering this in greater detail, for cxampie, an oxygen (O;) sensor is
generally installed in the exhaust pipe downstream from the exhaust gas purification
;:atalyst and the condition of the. catalyst is monitored based on the output Signal from this
02 sensor. The output signal from this O senéor is also used in, for example, feedback -
_cbntrol of the air-fuel ratio. However, when too much oxygen storage material is
i)resent in the exhaust gas purification catalyst, this oxygen storagé material continuously
absorbs the oxygen in the exhaust gas flowing into the catalyst. ‘When this occurs,' even

' wheﬁ the catalyst itself is exposed to an oxygen-containing atmosphere, a state p.ersists in
which the gas at the catalyst exit lacks oxygen. | In such a case, the O, sensor installed in
the éxhaust pipe on the downstream side from the catalyst cannot always accurately
indicate the state of the catalyst, and as a result, for example,'suitablc control of the
air-fuel ratio cannot be performed. This deterioration in the controllability becomes
particﬁlarly significant when the amount of addition of the CeO,—ZrO, composite oxide
having a pyrochlore phase exceeds 20 g.

[0038] Any CeO,-Z10, composite oxide commercially availabie as an oxygen
storage material can be used as the CeO;=Z10; composite _oxide in this embodiment.
Alternatively, this Ce02-ZrO, composite oxide can be produced by any method a\}ailable
to the individual skilled in the art. For example, co-precipitation can be brought about
by the addition of a base, e.g., aqueous ammonia, to a mixed solution prepared by the.
dissolution of the salts of the metals that make up the CeOz—ZfOZ composite oxide, for
example, Ce and Zr and, depending on the case, a metal such as La, Y, and so forth, and

subjecting this to a heat treatment, €.g., an oxidation treatment and reduction treatment
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and so forth, to produce a CeOx~ZrO, composite oxide in which the oxides of the
individual metals are in solid solution. A CeO;-ZrO, ‘composite oxide having a
pyrochlore phase can be prepared by performing the aforeﬁenﬁoned reduction treatment,
for example, for a prescribed time at a temperature of about 1700°C.

[0039] ~ There are no particular limitations in this embodiment on the catalyst
support c0nstitﬁting the upper catalyst layer 13 that is coated on the lower cafalyst layer
12, and any metal .oxide generally used as a catalyst support can be used. This catalyst
suppéﬂ can be exemplified by a metal oxide selected from the group consisting of
alumina (Al;Os), zirconia (Zr0y), ceria (CeOy), silica (SiO2), titania (TiO), and their
combinations. | | -

[0040]  Rh is supported in this embodiment as a catalyst metal in the‘upper
catalyst layer 13 contafning the aforementioned catalyst support. The catalyst metal
sﬁpported in the upper catalyst layer 13 is not necessarily limited to only Rh, and another
.meta'l or metals may optionﬁlly be supported as appropriate in addition to the Rh or. in
place of a portion of the Rh, for example, Pd, Pt, and so forth, may be supported. The
_.Rh in the exhaust gas purification catalyst of this embodiment functions mainly to

reductively purify the NOx in the exhaust gas. However, When large amounts of metal
other than Rh, for ekample, Pd ahd/or Pt, are added to the upper catalyst layer 13, these
metals can react with the Rh at high temperatures, resulting in ‘a partial alloying and '
| causing a decline in the NOx purification performance of the Rh. Accordingly, when a
metal other than Rh is supported in the upper catalyst layer 13, this other metal is
preferably added within a range in which the NOx feduction activity of the Rh is not
' impaired. |

[0041] A regfon that does not contain the upper catalyst layer 13 is disposed on
‘the exhaust gas upstream side in the exhaust gas pﬁrification catalyst of this émbodiment.
As noted previously for the exhaust _gas_puriﬁcation catalyst of this embodiment, and in
particular at Jow temperatures as iﬂ an engine cold start, the HC in the exhaust gas is
purified mainly by the Pd and/or Pt supported in the front-stage lower catalyst layer 12a,

and the upper catalyét laye'f 13 and the rear-stage lower catalyst layer 12b on the exhaust
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gas downstream side are warmed by the reaction heat generated during this HC
purifi;;ation. Increasing the diffusibility of thc-HC into the interfor- of the front-stage
lower catalysf layer 12a is critical for promoting this catalyst warming and improving the
purification performance of the catalyst as a whole.

- [0042] The HC diffusibility into the interior of the front-stage lower catalyst
layer 12a can be increased over that of, for example, a structure in which the front-stage
lower catalyst layer 12a is completely covered byA the upper catalyst layer 13, by
disposing, in accordance with the exhaust gas purification catalyst of this embodiment, a
region thét does not contain the upper catalyst 13 on the exhaust g.ﬁs upstream side, i.e.,
by exposing at least-a portion of the front-stage lower catalyst layer 12a to the inﬂowing
exhaust gas. For example, the front-#tage lower catalyst layer 12a may be exposed to
the inflowing exhaust gas over from 10 to 20% of the total length of the substrate 11.
As a result of this, HC purification at the front-stage lower catalyst layer 12a is promoted
and a satisfactory catalyst warm-up performance can then be achieved. ' |

[0043] . In the exhaust gas purification catalyst of this embodiment, the
A front-stage lower catalyst layer 12a is coated on the exhanst gas upstream portion of the
substrate 11 over from 20 to 35% of the total length of the substrate 11 and the rear-stage
lower catalyst layer 12b is coated on the exhaust gas downstreafn side from the
front-stage lower catalyst layer 12a over from 65 to 80% of the total length of the
substrate 11. The upper catalyst layer 13 is coated on the lower catalyst layer 12 over
from 80 to 90% of the total length of the substrate 11, but excluding its exhaust. gas
upstream portion. In particular, particle growth for each ofAthe catélySt metals supported
'in the upper catalyst layer 13 and the rear-stage lower catalyst layer 12b on the exhaust
gas downstream side can be substanﬁally inhibited by coating the front-stage lower
catalyst layer 12a containing an oxygen storage material-oh the exhaust gas upstre;arn
portion of the substrate 11 over from 20 to 35% of the total length of the substrate 11.
Moreover, the éoating of the front-stage lower catalyst layer 12a in this range brings
about a satisfactory manifestation in particular 'of the HC purification activity of the

- front-stage lower catalyst layer 12a, even at low temperatures, and as a result can achieve |
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a satisfactory catalyst warming performance.

[0044] On the other hand, while the NOx in the exhaust gas is mainly
reductively purified in the upper catalyst layer 13 on the exhaust gas downstream side,
the reaction rate of this NOx reduction reaction is generally slower than the oxidation
reaction of, for example, the HC. Furthermore, the Rh supportéd in a portion of the
upper catalyst layer 13 on the exhaust gas -upstream side thereof ﬁlay, for example, be
| poisoned by attachment of the HC in the exhaust gas and the NOx reduction activity may
‘not be adequately manifested as a result. Accordingly, the catalytic' performance of the
obtained exhaust gas purification catalyst, and particularly ité NOx reduction activity, can '
be further improved by coating the upper catalyst layer 13 over 80 to 90% of the total
length of the substrate 11 in a configuration in which a portioh of the front-stage lower -
“catalyst layer 12a is;. covered over, as shown in FIG. 1, but within a range in which the
catalytic activity of the front-stage lower catalyst layer 12a is not impaired. However,
the catalyst layer structure shown in FIG. 1 does nothing more than simply show a
~ preferred aspect of the exhaust gas purification catalysf of this embodiment, and there is
thus no intent to limjt the exhaust gas purification catalyst of this embodiment to this
aspect. Thus, for example, the upper catalyst layer 13 in the exhaﬁst gas purification
catalyst of this embodiment may be coated on the lower catalyst Jayer 12 over the same
rénge as the reaf—stage lower catalyst layer 12b or may be coated on the lower catalyst
" layer 12 over a range shorter than this.

[0045] The exhaust gas purification catalyst of this embodiment, in which a
lower catalyst layer 12, and particularly a front-stage lower catalyst layer 12a and a
rear-stage lower catalyst layer 12b, and an upper catalyst layer 13 are coated on a
substrate, can be produced by any method available to the individual skilled in the art.

| [0046] For example, the front-stage lower catalyst layer 12a may be first formed
on the substrate 11 by coating, for example, by a commonly used washcoat method, a
layer containing the catalyst support, Pd and/or Pt, and an oxygen storage material over a
prescribed range on the exhaust gas upstream portion of a honeycomb substrate 11, e.g.,

of cordierite, followed By drying, firing, and so forth for prescribed times at prescribed -
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' temperatures. Proceeding similarly, the rear-stage lower catalyst layer 12b containing a
catalyst support and Pd and/or Pt is then formed on the substrate 11 on the exhaust gas
downstream side from the front-stagt—: lower catalyst layer 12a. ‘

[0047] 'Final.ly, the upper catalyst layer 13 may be forméd by coating, again over
a prescribed range by, for example, a washcoat method, a layer containing Rh and a
catalyst support on the obtained lower catalyst layer 12 formed of the front-stage lower
catalyst layer 12a and the rear-stage lower catalyst layer 12b and thereafter canymg out

A dlymg, firing, and so forth for prescribed times at prescribed temperatures “When the
individual catalyst layers are formed using a washcoat method, for example, a layer of the
catalyst support ntay be formed by a washcoat method -followed by supporting the
particular catalyst metal, supra, on the obtained catalyst support layer by, for example, a
conventmnally used impregnation procedure alternatively, washcoating can be carried
out using a catalyst support powder on which the- particular catalyst metal has been
supported in advance by, for example, an impregnation method. This latter method can -

- provide a more uniform dispersion and support of these catalyst metals in the catalyst

layers than supportmg thc catalyst metal by impregnation after washcoatmg There 1s

no partlcular limitation on the individual catalyst metals Pd and/or Pt and Rb, but they are
generally each supported in the 1nd1V1dual catalyst layers at supported amounts of 0.1 to

2.0 g/substrate-L (per 1 L of substrate).

[0048]  This cmbodiment'is'described below in gteater detail through examples,
but the invention is in no way limited to these examples.
 [0049]  [Example 1]

[Formatidn of the front-stage lower catalyst layer]

Using a palladium nitrate solution, Pd (1.0 g/substrate-L (per 1 L of substrate)) was
supported by impregnation on 35 g/substrate-L of a ZrO, composite oxide powder (ZrO;:
68 wt%, Lay0s: 7 wt%, Y701: 25 wt%). This Pd-loaded Zx0, composite oxide powder
was then mixed with 77 g/substrate-L La-doped Al;O3 (Al;03: 96 wt%, La;03: 4 wt%),
35 g/substrate-L tetragonal Ce0,-Z10; composite oxide (Ce0x/Z10; = 1.43 (molar ratio))

as an O0xygen storage material, and 5 g/substrate-L Al;O3 binder, and a coating slurry was
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prepared by the addition of water. . The'obtainéd slurry was then coated by a washcoat
method on the exhaust gas upstream portion of a oeramic honeycomb substrate (¢$103 mm,
L105 mm, volume 875 cc) having a large number of wall-partitioned cells; coating Awas
performed over a distance of 35% with respect to the total length of the honeycomb
substrate. This was followed by drying and firing to form the front-stage lower catalyst
layer on the cell surfaces in the honeycomb substrate.

[0050] [Formation of the rear-stage lower catalyst layer]

Then, using a palladium nitrate solution, Pd (0.7 g/substrate-L) was supported by
impregnation on 100 g/substrate-L. of a tetragonal CeOz—ZfOz composite oxide
(CeOxZrO; = 0.35 (molar ratio)). This Pd-loaded Ce0~Zx0O, composite oxide.powder.
was then mixed with 45 g/substfate-L La-doped Al,03 (ALO3: 96 wt%, La;03: 4 wt%)

"and 7 g/substrate-L Al,O3 binder, and a coating slurry was prepared by the addition of '
water. The obtained slurry was coated by a washcoat method on the exhaust gas
‘downstream portion of the aforerﬁentionedAhoneycomb substrate on which the front-stage
lower‘catalyst Jayer had been formed; coating was performed over a distance of 65% with
respect to the total length of the honeycomb substrate. This was followed by drying and
firing to form a rear-stage lower catalyst layer on the cell surfaces in the honeycomb ,
substrate.

.[0051]  [Formation of the upper catalyst layer]

Using a rhodium nitrate solution, Rh (0.2 g/substrate-L) was supported by
impregnation on 55 g/substrate-L of a ZrQ, composite oxide powder (ZrOy: 68 wt%, |
La,05: 7 wit%, Y203 25 wt%). This Rh-loaded ZrO, composite oxide povw}der was then
mixed with 35 g/substrate-L. La-doped ALO; (AL,O3: 96 wt%, La;03: 4 wt%) and 5
g/substrate-L A1,03 binder, and a coating slurry was prepared by the addition of water.-
The obtained slurry was coated by a washcoat method on the exhaust gas downstream
portion of the aforementioned honeycomb substrate on which the front-stage lower
catalyst layer and rear-stage lower catalyst layer had been formed; coating was performed

- over a distance of 80% with respect to the total length of the honeycomb substrate.  This

was followed by drying and firing to obtain an exhaust gas purification catalyst A having
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an upper' catalyst layer formed on a lower catalyst layer formed of a front-stage lower
catalyét layer and a rear-stage Jower catalyst layer.
[0052]  [Comparative Example 1]
An exhaust gas purification catalyst a was obtained proceeding as in Example 1,
" with the exception that the front-stage lower catalyst layer did not contain the tetragonal
Ce0,~ZrO, composite oxide (CéOg/ZrOZ = 1.43 (molar ratio)) oxygen storage material.
| [0053] [Evaluation of the particle growth inhibiting effect]

Durability testing using an actual engine was performed on each of the exhaust gas
purificaﬁon catalysts prepared as described above, and the paﬁicle diameter of the
catalyst metal was examined after the durability testing. ’ Specifically, each exhaust gas
. purification catalyst was mounted in-the exhaust system of a {/8 engine, and durability
testing was performed by .repeated exposure to a rich atmosphere exhaust gas, a
étoichiometric 'atmosphere exhaust gas, and a lean atmosphere exhaust gas at a specified
time interval for each for 50 hours at a catalyst bed temperature of 1000°C.

[0054] Each of the exhaust gaé purification catalysts (total length = 105 mm)
submitted to this durability testing was divided into four regions from tﬁe: upstream side,
i.e., 0 to 35 mm, 35 to 55 mm, 55 to 75 mm, and 75 to 105 mm; the c{a_talyst laycf was
recovered from each of the segments; and the average particle diameter of the Pd |
pani;les was measufed in each of these four segments. The Pd particle di_arnete; was
(A:alculated. using a crystallite diameter calculation method based on measurement of the
ﬁalf—valuc width in X-ray diffraction. The results ére shown in FIG. 4. + .

[0055]  FIG. 4 is a graph that shows the particle growth inhibiting effect for Pd
barticles for the exhaust gas purification catalyst A of Example 1 and thé exhaust gas
purification catalyst a of Comparative Example 1. For the exhaust gas purification
éatalyst a of Comparative Example 1, which. did not have an oxygen storage material
| disposed in thelfront-stage lower catalyst layer, FIG. 4 shows that the Pd particle diameter
in all the other locations on the exhaust gas downstream side is larger than in the catalyst
layer in the location on the exhaust gas upstream side (0 to 35 mm), thus demonstrating

that particle growth by the Pd particles has progressed in these locations. . In contrast to
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this, for the exhaust gas purification catalyst A of Example 1, in which an oxygen storage
material was disposed in the front-stage lower catalyst layer, the PdA particle diameter
became smaller as the catalyst Iayef was dispo.sed fnqre to the exhaust gas downstream
side and Pd particle growth was thus inhibited.

[0056] - [Example 2]

An exhaust gas purification catalyst B was obtained proceeding as in Example 1,
but using a tetragonal CeO2—ZrO; composite oxide with Ce0,/Zx0; = 0.35 (molar ratio) -
as the oxygen storage material in the front-stage lower catalyst layer.

[0057]  [Example 3] |

An exhaust gas purification catalyst C was obtained proceeding as in Example 1,
but using a tetragonal CeO2~ZrQ, composite oxide with CeO,/Z10; = 0.49 (molarA ratio)
‘as the oxygen storage material in the front-stage lower catalyst layer.

- [0058] [Example 4]

An exhaust gas purification catalyst D Wés obtained éroéeeding as in Example 1,
but using a CeO,~ZrO2 composite ‘oxide having a pyrochlore phase and CeQ,/ZrO; =
1.09 (molar ratio) as the oxygen storage material in the front-stage lower catalyst layer.
This Ce0,-ZrO; composite oxide having a pyrochlore phase was prepared as described
in the following. |

[0059) [Prepération of the Ce0,-Z10; composite oxide having a pyrochlore
phase]

491 gofa 28 mass%, as CeO,, aqueous cerium nitrate solution, 54.7 g of an 18
mass %o, aé Zr0,, aqueous zirconium oxynitrate solution, an& a coinmercially available
surfactant were dissolved in 90 mL ion-exchanged wafef; a co-precipitate was then
produced by fhe addition of 1.2-fold equivalents, with reference to the anion, of aqueous
ammonia containing 25 mass% NH3; and the obtained co-precipitate was filtered off and
washed. The obtained co-precipitate was then dried at 110°C and was thereafter baked
in air for 5 hours at 500°C to obtain a soljd solution of cerium and zirconium. The
obtained solid solution was subsequently ground using a grinder to an average particle

diameter of 1000 nm, thereby yielding the powder of a CeQ2~Zr0; solid solution having
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a molar ratio for the CeO; and ZrO; content (CeO,/ZrO;) of 1.09. This CeO,-Z10,

solid solution powder was then filled into a polyethylene bag; the interior was degassed;
and the mouth of the bag was heat sealed. Then, using a hydrostatic pressure press,
molciing was performed under the applicétion of pressure for 1 minute at a pressure of
300 MPa to obtain the CeO,—Z10; solid s.olution'powder in the form of a solid raw
material.. Thié solid faw material was placed in a graphite crucible, which was'covered
with a graphite lid, and reduction was carried out for 5 hours at 1700°C in Ar gas. After
- the reduction, the sample was groﬁnd with a grinder to obtain the powder of a CeO;~Z10;
| coinposité oxide having a pyrochlore phase and having an average particle diameter of
approxim'ately 5 pm. '
.[0060] - 'tComparative Examplc 2]

An exhaust gas purification catalyst b was obtained proceeding as in Example 1, but
using a CeO-ZrO; composite oxide having a pyrochlore phase and CeQ/ZrO; = 1.09
(molar ratio) as tﬁe oxygen storage material and placing .this in the rea:-étage lower
catalyst layer aﬁd not in the front;stage lower catalyst layer. |

[0061] | [Evaluation of -the oxygen storage capacity]

The oxygen storage capacity was evaluated on each of the eﬁhaust gas purification
-catalysts AtoD,aand b provided by Examples 1 to 4 and Comparative Examples 1 and 2.
Specifically, durability testing with a V8 eﬁgine was first carried out as dcscr‘ibcd above
on each of these exhaust gas purification catalysts. After dﬁrabiljty testing, each.
exhaust gas purification catalyst was installed directly below a strziight 4-cylinder éngine
and, during running conditions in which the temperature of the gas entering the catalyst
was 750°C, fhe air-fuel ratio A/F of the exhaust gas ﬂovﬁng into the catalyst was
periodically switched between rich and lean using a prescribed time interval for each.
During this switching, the oxygen storage capaéity of each exhaust gas purification
catalyst was calculated from the behavior lag of the O, sensor installed Aat the catalyst
outlet. The results are given in FIG. 5.

[0062) TFIG. Sisa graph that shows the oxygen storage capacity fbr exhaust gas

purification catalysts A to D of Examples 1 to 4 and exhaust gas purification catalysts a
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and b of Comparative Examples 1 and 2. FIG. 5 shows the CeOy/ZrO; ratio (molar

ratio) on the horizontal axis and the oxygen storage capacity (g/cat) for each exhaust gas
.purificatima catalyst on the vertical axis. Reference to FIG. 5 demonstrates that — for
exbaust gas purification catalysts A to C according to Examples 1 to 3, in which a
Ce0,~Zr0; composite oxide having a typical tetragonal crystalline structure was plaéed
as the oxygen storage material in the front-stage 10wer'c;clta1yst layer — the oxygen
storage capacity increases as the Ce0,/Z10;, ratio increases, in compé:iSon to the exhauét
gas purification catalyst a of Comparative Example 1, which did not have an oxygen
storage material in the frqnt-stagé lower catalyst layer.

. [0063] In contrast to the preceding, the exhaust gas purification. catalyst D of
Example 4, in which a CeOr—Zx0y c_ompo'site oxide (CeO-Zr0; = 1.09) having a
pyrbchlore phase was plaéed in the front-stage lower catalyst layer, _achieved‘a much
higher oxygen storage capacity than did exhaust gas purification catalyst A of Example 1,
which used a tetragonal CeO,~ZrO, composite oxide (CeO—ZrO; = 1.43) having a larger
Ce_OJZrOz ratio than exhaust gas purification catalyst D. It may also be concluded
from the results in FIG. 5 that the luse of a CeOz—ZrOZ composite oxide having a-
pyrochlore phase as the oxygen storage material can achieve the same oxygen storage
capacity at about one~haif the amount of additjon in comparison to the use of a tetragonal
Ce0,-Zr0, composite oxide having about. the same CeOy/Zr(O; ratio (i.g., CeOz—Zr'Oz =
approximately 1). As is clear from FIG. 5, exhaust gas purifiéatién catalyst b of
Comparative Example 2, in which the CeQ,-ZrO, composite oxide having a pyrochlore
phas'e was placed in the rear-stage lower catalyst layer and not in the front-stage lower
catalyst layer, was not able td achieve an oxygen storage capacity as good as that for -
exhaust gas puiification catalyst D of Example 4, in which this CeO,-ZrO; composite '
oxide having a pyrochlore pl-laS‘c was placed in the front-stage lower catalyst layer.

[0064]  [Evaluation of the particle growth inhibiting effect]

'The catalyst metal particle diameter in exhaust gas purification catalysts A to D of

Examples 1 to 4 was examined in order to ca'rry out a more detailed ‘examination of the |

influence exercised on catalyst metal particle growth by the differences in the oxygen



WO 2012/101505 PCT/IB2012/000106

23

storage capacity among the individual exhaust gas purification catalysts. Specifically,
for exhaust gas purification catalysts A to D of Examples 1 to 4 on which the previously
described durability testihg with a V8 engine had been rum, the catalyst layer Qvas
collected for the region comesponding to the range in which the upper catalyst layer was

~ éoated and the average particle diameter of the Rh particles in this catalyst layer was
measured. - The Rh particle diameter was calculated using a crystallite- diameter
calculation method based on measurement of the half-value width in X-ra&r diffraction.
These resulfs are shown in FIG. 6. ,

[0065] - FIG 6 is a graph that shows the average particle diameter of the Rh
particles for exhaust gas purification catélysts Ato D of Examples 1 to 4. Referring to
FIG. 6, a trend is seen whereby the average particle diameter of the Rh particles declines
és the oxygen storage capacity of the exhaust gas purification catalyst as shown in FIG. 5
increases. It is also clear from these results that particle growth of the catalyst metal can
be inhibited by placing a material having a higher oxygen storage capacity in the
front-stage lower catalyst layer on the exhaust gas upstream side. Moreover, among

| 'these results, the inhibiting effect on catalyst metal particle growth was substéntial in the
exhaust gas purification catalyst in which a CeOz-ZrOZ compbsite oxide having a
pyrochlore phase was placed in the front-stage lower catalyst layer. - |

[0066]  [Evaluation of the NOx purification performance]

The NOx purification performance was then evaluated for exhaust gas purification
catalysis A to D of Examples 1 to 4. Specifically, the previously described durability
tésting using a V8 engine was first carried out on each of the exhaust gas purification
éatalysts. A rich atmosphere (A/F = 14.2) exhaust gas was then fed to each exhaust gas
purification catalyst after durability testing; the amount of NOk in the exhaust gas at the
. catalyst outlet was measured; and this was used to calculate the NOx purification rate for
the exhaust gas purification catalyst. The results are shown in FIG. 7.

[0067] FIG 7 is .a graph that shows the NOx purification rate for exhaust gas
purification catalysts A to D of Examples 1 to 4. As is clear from FIG 7, a higher NOx

purification rate could be achieved when the exhaust gas purification catalyst had a
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smaller average particle diameter for the Rh particles as shown in F1G. 6.

[0068] [Influence of the amount of addition of the oxygen storage material]

Using the exhaust gas purification catalyst D of Example 4, which exhibited the
highest oxygen storage capacity and the highest NOx purification performance, the
oxygcﬁ storage capacity of the exhaust gas purification ca‘talystwas examined when the
amount of addition of the CeO,~ZrO; composite oxide having a pyrochlore phase was
varied. .This.tcst was carried out using the same procedure as described in relation to
FIG. 5, with the exception that durability testing was not run on the individual exhaust gas
purification catalysts, and the oxygen storage capacity of the individual exhaust gas
purification catalysts was calculated. The results are shown in FIG. 8.

[0069] FIG 8 is a graph that shows the relationship between the amount of
additibn of the CeOz—;ZrOz composite oxide having a pyrochlore phase and the oxygen
storage capacity. In tﬁe figure; the data fbr an approximately 10 g amount of addition
corresponds to exhaust gas pufification catalyst D of Example 4. TFor reference, fhé data
are also given that correspond to the exhaust gaé purification cat'alyst a of Comparative
Example 1, in which the front-stage lower catalyst layer lacked an oxygen storage
material, and exhaust gas purification catalyst A of Example 1, which used a tétragonal-
Ce0,-Zr0, composite oxide (CeOyZrO; = 1.43 (molar ratio)) as the oxygenstorage
material in the ffont—stage lower catalyst layer (refer to the dashed line in the figure).
Reference to FIG. 8 shows that é relatively high oxygen storage capacity occurred even at
" a small amount of addition of the Ce0,~ZrO, composite oxide having a pyroéhlore phase,
and specifically with exhaust gas purificat'ion catalysts that used an approximately 2 g
" amount of addition and an approximately 5 g amount of addition. In addition, the

oxygen storage capacity of the exhaust gas purification catalysts exhibited a monotonic
-increase with the increase in the amount of addition of the Ce0,~ZrO; composite oxide

having a pyrochlore phase. .
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CLAIMS

1. An exhaust gas purification catalyst comprising:
a substrate; |
a lower catalyst layer that is formed on the substrate and contains-at least one of Pd
and Pt; and
- an upper catalyst layer that is formed on the lower catalyst layer and contains Rh,
wherein | | |
a region that does not contain the upper catalyst layer is disposed on an exhaust gas
' upstream side of the exhaust gas purification catalyst, the lower catalyst layer is formed
of a front-stage lower catalyst layér disposed on the exhaust gﬁs upstream side and a
réar—.stage Jower catalyst layer disposed on an exhaust gas downstream side, anci the

front-stage lower catalyst layer contains an oxygen stdrage material.

2. The exhaust gas purification catalyst according to claim 1, wherein the oxygen

storage material contains a CeOz composite oxide.

- 3, The exhaust gas purification catalyst according to claim 1, wherein the oxygen

storage material contains a CeO2~ZrO; composite oxide.

4. The exhaust gas purification catalyst according to claim 3, wherein the

Ce0,-Zr0, composite oxide has a pyrochlore phase formed of Ce;Zr,07.

5. The exhaust gas purification catalyst according to claim 4, wherein the oxygen
storage material is added in an amount that provides 20 to 100 g per 1 L of the substrate

as the amount of oxygen storage material with reference to the substrate.

6. The exhaust gas purification catalyst according to claim 5, wherein the oxygen

storage material is édc_ied in an amount that provides 30 to 60 g per 1 L of the substrate as
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the amount of oxygen storage material with reference to the substrate.

7. The exhaust gas purification catalyst éccording to claim 5 or 6, wherein an

amount of addition of the CeO,~ZrO, composite oxide is at least 5 g.

8. The exhaust gas purification catalyst according to claim 7, wherein the amount of

addition of the CeO>-ZrO, composite oxide is not more than 20 g.

9. The exhaust gas purification catalyst according to any one of claims 1 to 8,
wherein a catalyst support that supports at least.one of Pd and Pt in the front-stage lower
catalyst layer is a ZrOz composite oxide having Z10O; as its main component and further

containing at least one element selected from the group consisting of La, Y, Pr, and Nd.

10. The exhaust gas purification catalyst dchrding to any one of claims 1 to 9,
wherein the front-stage lower cﬁtalyst layer-is coated over 20 tb 35% of the total length of
the substrate, the rear-stage lower éatalyst layer is coated over 65 to 80% of the tétal
length of the substrate, and the upper catalyst layer is coated over 80 to 90% of the total

length of the substrate.

11. The exhaust gas purification catalyst according to any one of claims 1 to 10,
wherein the front-stage lower catalyst layer is exposed to inﬂowihg"exhaust. gas over 10%

to 20% of the total length of the substrate.
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