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MUuULTI-ZONED CATALYST COMPOSITIONS

TECHNICAL FIELD

[0001] This invention pertains generally catalyst substrates having flow
properties where in configuring an outer, peripheral zone, more exhaust gas flows
through a central zone as compared to the outer, peripheral zone. Such substrates
provide catalytic functions as well as trapping and/or adsorbing properties. The

invention also relates to exhaust gas treating systems that incorporate such catalyst

substrates.
BACKGROUND
[0002] Catalytic converters are well known for the removal and/or conversion

of the harmful components of exhaust gases. For gasoline engines, they typically
contain a three-way conversion (TWC) catalyst and are located in the exhaust gas line
of internal combustion engines. Such catalysts promote the oxidation by oxygen in
the exhaust gas stream of unburned hydrocarbons and carbon monoxide as well as the
reduction of nitrogen oxides to nitrogen. For diesel engines, which run under lean
operating conditions, a diesel oxidation catalyst (DOC), which promotes oxidation of
unburned hydrocarbons and carbon monoxide, is usually provided.

[0003] Catalytic converters have a variety of constructions for this purpose.
In one form, the converter comprises a rigid skeletal monolithic substrate on which
there is a catalytic coating. The monolith has a honeycomb-type structure which has a
multiplicity of longitudinal passages, typically in parallel, to provide a catalytically
coated body having a high surface area.

[0004] Monolithic honeycombs containing different catalyst compositions are
disposed in zones along the length of the honeycomb are used in catalytic combustion
processes. Layered catalyst structures can be made on ceramic and metallic monolith
structures by a variety of processes, Multi-zoned catalyst and trap are provided in
U.S. Patent No. 7,189,376 (Kumar). Automotive hydrocarbon adsorber systems are
provided in U.S, Patent No. 5,916,133 (Buhrmaster).

[0005] In exhaust gas lines, limited piping space, for example at an elbow,
between the engine and a catalytic converter and lead to mal-distribution of flow
through the catalytic converter. This mal-distribution of flow affects catalyst

efficiency and conversions during transient conditions.
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[0006] In order to meet cver more stringent emission standards set by various
regulatory agencies, such as the proposed SULEV emissions regulations, there is a
benefit to develop catalyst architectures that assist and advance light-off of, for
example, three-way conversion catalyst light-off. In addition, it is desirable to refine
zone-coating technologies and evaluate placement of particular catalytic or pollutant

adsorbent compositions along the catalyst's length and radius.

SUMMARY

[0007] One or more aspects of the present invention relate to an exhaust gas
treatment catalyst composite, and systems and methods including the same.

Generally, the exhaust gas treatment catalyst composite comprises:

a substrate comprising first and second pluralities of longitudinal passages
wherein the first plurality of passages define an inner radial zone and the second
plurality of passages define an outer radial zone,

wherein internal surfaces of the first and second pluralities of longitudinal
passages comprise at least one catalytic layer comprising a catalytic metal on a
support, and

the second plurality of passages are configured such that more exhaust gas
flows through the first plurality of passages as compared to the second plurality of
passages.

[0008] By directing more exhaust gas through the outer radial zone, light-off
can be advanced in a way that does not change precious metals distribution of the
catalytic material. In this way, change in flow of the exhaust gas is achieved in ways
that are independent of the automobile operating system and the catalyst formulation.
[0009] In a specific embodiment, the internal surfaces of the second plurality
of passages further comprise a layer comprising a trapping or adsorbing material in
the absence of precious metals and the internal surfaces of first plurality of passages
are substantially free of the trapping or adsorbing material.

[0010] In another embodiment, the internal surfaces of the first and second
plurality of passages both further comprise a layer comprising a trapping or adsorbing
material in the absence of precious metals, and the second plurality of passages have a

longer average axial length as compared to the first plurality of passages.
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BRIEF DESCRIPTION OF DRAWINGS

[0011] FIG. 1 is a schematic of a substrate in accordance with an embodiment
of the present invention; and

[0012] FIG. 2 is a schematic of a substrate in accordance with an embodiment
of the present invention,

[0013] FIG. 3 is an illustration depicting a dip pan useful for coating
substrates having radial zones.

[0014] FIG. 4A is a schematic of a substrate in accordance with an

embodiment of the present invention; and

[0015] FIG. 4B is a cross-section of the schematic of FIG. 4A.
DETAILED DESCRIPTION
[0016] One or more embodiments of the present invention contain a substrate

coated with a precious metal-containing catalytic material, e.g., a catalytic converter
for use with internal combustion engines, having a radial-zoned perimeter configured
to create differential back pressure and to force more exhaust flow through a central
region of the catalytic converter so that during cold start, light-off can be advanced.
In this way, more convective heat will be concentrated in the cenfral region to
promote a faster heat-up rate. The differential back pressure can be created in many
ways, for example, the radial-zoned perimeter can be coated with more washcoat
material than the central region. Another option is to provide the perimeter region
having a longer axial length as compared to the central region, A further option is to
provide passages of smaller size in the outer region as compared to the central region.
The restriction created by either the extra washcoat material or the longer axial length
or the small sized-openings of the perimeter zone controls back-pressure and
increases flow into the cross-section area of the catalytic material. This can lead to
reduced mal-distribution of flow through the catalytic material caused by limited
piping space, e.g., elbow, between an engine and the catalytic converter. These
configurations provide ways to alter flow that are independent of the operating system
and the original precious-metal containing catalyst formulation. By concentrating
flow though a central region of the substrate, a perimeter area aids in providing an
insulated zone to help prevent heat loss.

[0017] Reference to “downstream” and “upstream,” when used to describe a

catalyst substrate or zone, refers to the relative positions in the exhaust system as
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sensed in the direction of the flow of the exhaust gas stream. “Inlet” refers to the end
of the substrate where exhaust gas enters the substrate, and “outlet” refers to the end
of the substrate where exhaust gas exits the substrate.

[0018] Generally, the exhaust gas treatment catalyst composite comprises: a
substrate comptising first and second pluralities of longitudinal passages wherein the
first plurality of passages define an inner radial zone and the second plurality of
passages define an outer tadial zone, wherein internal surfaces of the first and second
pluralities of longitudinal passages comprise at least one catalytic layer comprising a
catalytic metal on a support, and the second plurality of passages are configured such
that more exhaust gas flows through the first plurality of passages as compared to the
second plurality of passages.

[0019] In a specific embodiment, the internal surfaces of the second plurality
of passages further comprise a layer comprising a trapping or adsorbing material in
the absence of precious metals and the internal surfaces of first plurality of passages
are substantially free of the trapping or adsorbing material.

[0020] In another embodiment, the internal surfaces of the first and second
plurality of passages both further comprise a layer comprising a trapping or adsorbing
material in the absence of precious metals, and the second plurality of passages have a
longer average axial length as compared to the first plurality of passages. In a
detailed embodiment, the average length of the second plurality of passages is longer
than the average length of the first plurality of passages by 1 cm or 20% of the
substrate's length, whichever is less.

[0021] In one embodiment, the catalytic material comprises one ot more
precious metals that are suitable for treating gas exhaust sireams of internal
combustion engines, For example, it may be desirable to provide catalytic material
suitable for three-way conversion (TWC) or diesel oxidation. The catalytic matetial
can be composed of any compositions and layering architecture that is needed for a
particular engine application.

[0022] In one embodimeni, the outer radial zone comprises up to
approximately 50 % of the cross-sectional area of the substrate, or 36% or even 20%.
[0023] Suitable trapping or adsorbing materials that are precious-metal free
include, but are not limited to, hydrocarbon traps, poison traps, oxygen storage
components. The layer containing the trapping or adsorbing materials can be located

above or below the catalytic layer, depending on the application. For example, a
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hydrocarbon trapping layer can be provided under the catalytic layer. Also, in a
detailed embodiment, the layer comprising the hydrocarbon adsorbent begins from an
inlet end of the substrate and extends axially for no less than the lesser of 1 ¢m or
20% of the substrate's length. In a detailed embodiment, provided is a hydrocarbon
trap layer which comprises a molecular sieve, such as a hydrophobic zeolite. As used
herein, molecular sieves, such as zeolites, refer to materials, the materials having a
substantially uniform pore distribution, with the average pore size being no larger
than 20 A.

[0024] The zeolite can be a natural or synthetic zeolite such as faujasite,
chabazite, clinoptilolite, mordenite, silicalite, zeolite X, zeolite Y, ultrastable zeolite
Y, ZSM-5 zeolite, ZSM-12 zeolite, SS7-3 zeolite, SAPO5 zeolite, offretite, or a beta
zeolite. Preferred zeolite adsorbent materials have a high silica to alumina ratio, The
zeolite may have a silica/alumina molar ratio of from at least about 25/1, preferably at
least about 50/1, with useful ranges of from about 25/1 to 1000/1, 50/1 to 500/1 as
well as about 25/1 to 300/1, from about 100/1 to 250/1, or alternatively from about
35/1 to 180/1 is also exemplified. Preferred zeolites include ZSM, Y and beta zeolites.
A particularly preferred adsorbent may comprise a beta zeolite of the type disclosed in
US 6,171,556. The zeolite loading should not be smaller than 0.1 g/in® in order to
guarantee sufficient HC storage capacity and to prevent a premature relcase of stored
paraffins during the temperature ramp following low temperature storage. Preferably,
zeolite content is in the range of about 0.4 to about 2.0 g/in’, or even 0.7 to 1.0 g/in3.
[0025] In a further embodiment, the radial zone comprises an overcoat, which
comptises a poison trap ot sorbent. Poison trap and sorbent catalysts are known in the
art, For example, a suitable poison trap overcoat is described in U.S. Patent Appl.
Pub. No. 2007/0014705, incorporated herein by reference in its entirety. Poison irap
overcoats contain components that interact with S-, P-, Mn-, C-, and/or Fe- containing
species and maintain these poisons or heavy deposits away from precious-metal
containing layers. Examples of such components include porous alumina doped with
batium, calcium, strontium, magnesium, and/or cerfum oxide. Other overcoat
materials include NOx and/or SOy traps, for example one or more alkaline earth metal
components.

[0026] Another embodiment includes the outer radial zone comprising an
oxygen storage component. Such a location of the OSC provides more dampening

function effect and increases the delay time to with regard to the oxygen sensor,
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which can be a desirable design feature. This is to preserve hydrocarbon conversion
through the precious metal-containing inner radial zone. Typically, the oxygen
storage component will comprise one or more reducible oxides of one or more rare
carth metals. Examples of suitable oxygen storage components include ceria,
prascodymia, or combinations thereof. Delivery of ceria into the layer can be
achieved by the use of, for example, ceria, a mixed oxide of cerium and zirconium,
and/or a mixed oxide of cerium, zirconium, and neodymium.

[0027] In an embodiment, the layer comprising the oxygen storage component
begins from an outlet end of the substrate and extends axially for no less than the
lesser of 1 cm or 20% of the substrate's length

[0028] In another aspect, an exhaust system for treatment of an internal
combustion engine exhaust stream including hydrocarbons, carbon monoxide, and
other exhaust gas components, is provided having an exhaust conduit in fluid
communication with the internal combustion engine via an exhaust manifold and an
embodiment of the catalyst composite according to the present invention.

[0029] Another aspect of the present invention includes a method for treating
exhaust gases comprising contacting a gaseous stream comprising hydrocarbons,
carbon monoxide, and nitrogen oxides with an embodiment of the catalyst composite
according to the present invention. Morcover, exhaust streams that contain
oxygenates resulting form the use of ethanol can also be so treated.

[0030] Details of the components of a gas tfreatment article and system
according to embodiments of the invention are provided below.

[0031] Referring now to FIG. 1, a substrate 10 is provided, having an inlet end
12 and an outlet end 14. In FIG. 1, the inlet end 12 has an inner radial zone 2 and an
outer radial zone 4, At least one catalytic layer is provided on the internal surfaces of
longitudinally extending passages that make-up both the inner radial zone 2 and the
outer radial zone 4. In one embodiment, a trapping or adsorbing layer is provided on
the internal surfaces of the passages of the outer radial zone 4 and along the axial
length of the substrate 10. In FIG. 2, the outlet end 14 has an inner radial zone 6 and
an outer radial zone 8. In another embodiment, a layer comprising an oxygen storage
component is provided on the internal surfaces of the passages of the outer radial zone
6.

[0032] One or motre embodiments of the coated substrate can be selectively

coated by using a modified dip pan that holds the coating slurry in the metered charge
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coating device. For example, as shown in FIG. 3, the dip pan can have a geometric
insert with a solid central plate 42 attached to an outer ting 44 so that when a slurry 43
is drawn up the substrate 10 the outer radial core becomes coated, while the inner
radial core remains uncoated. Alternatively, an adhesive surface of the desired size of
the inner core can be adhered to the substrate to prevent entry of the coating slurry.
The inserts of the dip pan can be modified to provide any radial zone coating profile,
such as an annuius.

[0033] In FIGS. 4A and 4B, provided are a substrate 50, having an inner radial
zone 52 and an outer radial zone 54, where passages of the outer radial zone 54 have a
longer average axial length as compared to the passages of the inner radial zone 52.
The difference in passage length creates different back pressure thereby permitting
more flow through the inner radial zone as compared to the outer radial zone. Internal
surfaces of passages in both zones can contain layered washcoats, where one layer is

catalytically active and another layer provides trapping or adsorbing material.

The Carrier

[0034] In one or more embodiments, one or more catalyst compositions are
disposed on a cartier, The carrier may be any of those materials typically used for
preparing catalysts, and will preferably comprise a ceramic or metal honeycomb
structure. Any suitable carrier may be employed, such as a monolithic substrate of the
type having fine, parallel gas flow passages extending therethrough from an inlet or
an outlet face of the substrate, such that passages are open to fluid flow therethrough
(referred to as honeycomb flow through substrates). The passages, which are
essentially straight paths from their fluid inlet to their fluid outlet, are defined by
walls on which the catalytic material is coated as a washcoat so that the gases flowing
through the passages contact the catalytic material. The flow passages of the
monolithic substrate are thin-walled channels, which can be of any suitable cross-
sectional shape and size such as trapezoidal, rectangular, square, sinusoidal,
hexagonal, oval, circular, etc. Such structures may contain from about 60 to about
900 or mote gas inlet openings (i.e., cells) per square inch of cross section.

[0035] The carrier can also be a wall-flow filter substrate, where the channels
are alternately blocked, allowing a gaseous stream enteting the channels from one
direction (inlet direction), to flow through the channel walls and exit from the

channels from the other direction (outlet direction). A dual oxidation catalyst
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composition can be coated on the wall-flow filter. If such a carrier is utilized, the
resulting system will be able to remove particulate matters along with gaseous
poltutants. The wall-flow filter carrier can be made from materials commonly known
in the art, such as cordierite or silicon carbide.

[0036] The ceramic carrier may be made of any suitable refractory material,
e.g., cordierite, cordietite-alumina, silicon nitride, zircon mullite, spodumene,
alumina-silica magnesia, zircon silicate, sillimanite, a magnesium silicate, zircon,
petalite, alumina, an aluminosilicate and the like.

[0037] The carriers useful for the catalysts of the present invention may also
be metallic in nature and be composed of one or more metals or metal alloys. The
metallic carriers may be employed in various shapes such as corrugated sheet or
monolithic form. Preferred metallic supports include the heat resistant metals and
metal alloys such as titanium and stainless steel as well as other alloys in which iron is
a substantial or major component. Such alloys may contain one or more of nickel,
chromium and/or aluminum, and the total amount of these metals may advantageously
comprise at least 15 wt % of the alloy, e.g., 10-25 wt % of chromium, 3-8 wt % of
atuminum and up to 20 wt % of nickel. The alloys may also contain small or trace
amounts of one or more other metals such as manganese, copper, vanadium, titanium
and the like. The surface of the metal carriers may be oxidized at high temperatures,
e.g., 1000°C and higher, to improve the resistance to corrosion of the alloys by
forming an oxide layer on the surfaces of the catriers. Such high temperature-induced
oxidation may enhance the adherence of the refractory metal oxide support and
catalytically promoting metal components to the carrier.

[0038] In alternative embodiments, one or more catalyst compositions may be
deposited on an open cell foam substrate. Such substrates are well known in the art,

and ate typically formed of refractory ceramic or metallic materials.

Preparation of the Layered Catalyst Composite

[0039] The layered catalyst composites used on the substrate may be readily
prepared by processes well known in the prior art, see for example U.S. Patent
Publication No. 2004/0001782, incorporated herein by reference in its entirety. A
representative process is set forth below. As used herein, the term “washcoat” has its
usual meaning in the art of a thin, adherent coating of a catalytic or other material

applied to a substrate catrier material, such as a honeycomb-type carrier member,
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which is sufficiently porous to permit the passage there through of the gas stream
being treated.

[0040] The catalyst composite can be readily prepared in layers on a
monolithic carrier. For a first layer of a specific washcoat, finely divided particles of
a high surface area refractory metal oxide such as gamma alumina are slurried in an
appropriate vehicle, e.g., water. The carrier may then be dipped one or more times in
such slurry ot the slutry may be coated on the carrier such that there will be deposited
on the carrier the desired loading of the metal oxide, e.g., about 0.5 to about 2.5 gfin’.
To incorporate components such as precious metals (e.g., palladium, rhodium,
platinum, and/or combinations of the same), stabilizers and/or promoters, such
components may be incorporated in the slurry as a mixture of water soluble or water-
dispersible compounds or complexes. Thereafter the coated caier is calcined by
heating, e.g., at 500-600°C for about 1 to about 3 hours. Typically, when palladium is
desired, the palladium component is utilized in the form of a compound ot complex to
achieve dispersion of the component on the refractory metal oxide support, e.g.,
activated alumina. For the purposes of the present invention, the term “palladium
component” means any compound, complex, or the like which, upon calcination or
use thereof, decomposes or otherwise converts to a catalytically active form, usually
the metal or the metal oxide. Water-soluble compounds or water-dispersible
compounds or complexes of the metal component may be used as long as the liquid
medium used to impregnate or deposit the metal component onto the refractory metal
oxide support particles does not adversely react with the metal or its compound or its
complex or other components which may be present in the catalyst composition and is
capable of being removed from the metal component by volatilization or
decomposition upon heating and/or application of a vacuum. In some cases, the
completion of removal of the liquid may not take place until the catalyst is placed into
use and subjected to the high temperatures encountered during operation. Generally,
both from the point of view of economics and environmental aspects, aqueous
solutions of soluble compounds or complexes of the precious metals are utilized. For
example, suitable compounds are palladium nitrate or rhodium nitrate. During the
calcination step, or at least during the initial phase of use of the composite, such
compounds are converted into a catalytically active form of the metal or a compound

thereof.
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[0041] A suitable method of preparing any layer of the layered catalyst
composite of the invention is to prepare a mixfure of a solution of a desired precious
metal compound (e.g., palladium compound or palladium and platinum compounds)
and at least one finely divided, high surface area, refractory metal oxide support, e.g.,
gamma alumina, which is sufficiently dry to absorb substantially all of the solution to
form a wet solid which later combined with water to form a coatable slurry. In one or
more embodiments, the slurry is acidic, having a pH of about 2 to less than about 7.
The pH of the slurry may be lowered by the addition of an adequate amount of an
inorganic ot an organic acid to the slurry. Combinations of both can be used when
compatibility of acid and raw materials is considered. Inorganic acids include, but are
not limited to, nitric acid. Organic acids include, but are not limited to, acetic,
propionic, oxalic, malonic, succinic, glutamic, adipic, maleic, fumaric, phthalic,
tartaric, citric acid and the like. Thereafter, if desired, water-soluble or watet-
dispersible compounds of oxygen storage components, e.g., cerium-zirconium
composite, a stabilizer, e.g., barium acetate, and a promoter, e.g., lanthanum nitrate,
may be added to the slurry.

[0042] In one embodiment, the slurry is thereafter comminuted to result in
substantially all of the solids having particle sizes of less than about 20 microns, i.e.,
between about 0.1-15 microns, in an average diameter., The comminution may be
accomplished in a ball mill or other similar equipment, and the solids content of the
slurry may be, e.g., about 15-60 wt. %, more particularly about 25-40 wt. %.

[0043] Additional layers may be prepared and deposited upon the first layer in
the same manner as described above for deposition of the first layer upon the carrier.
[0044] The catalytic layer may also contain stabilizers and promoters, as
desired. Suitable stabilizers include one or more non-reducible metal oxides wherein
the metal is selected from the group consisting of barium, calcium, magnesium,
strontium and mixtures thereof. Preferably, the stabilizer comprises one or more
oxides of barium and/or strontium. Suitable promoters include one or more non-
reducible oxides of one or more rare earth metals selected from the group consisting
of lanthanum, praseodymium, yttrium, zirconium and mixtures thereof.

[0045] A catalytic layer may also contain an oxygen storage component.
Typically, the oxygen storage component will comprise one or more reducible oxides
of one or more rare earth metals. Examples of suitable oxygen storage components

include cetia, praseodymia, or combinations thereof. Delivery of ceria into the layer
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can be achieved by the use of, for example, ceria, a mixed oxide of cerium and
zirconium, and/or a mixed oxide of cerium, zirconium, and neodymium,

[0046] Unless otherwise indicated, all numbers expressing quantities of
ingredients, reaction conditions, and so forth used in the specification and claims are

to be understood as being modified in all instances by the term “about.”

Preparation of the Radially-Zoned Substrates

[0047] The radially-zoned substrates of the present invention may be readily
prepared by processes well known in the prior art. A representative process includes
dipping the inlet and/or outlet end into a washcoat, utilizing a template or stencil to
apply the coating to the desired outer radial area while leaving the inner radial area
uncoated. It will be understood that the process below can be varied according to
different embodiments of the invention.

3% 44

[0048] Reference throughout this specification to “one embodiment,” “certain
embodiments,” “one or mote embodiments” or “an embodiment” means that a
particular feature, structure, material, or characteristic described in connection with
the embodiment is included in at least one embodiment of the invention, Thus, the

L 1

appearances of the phrases such as “in one or more embodiments,” “in certain
embodiments,” “in one embodiment” or “in an embodiment” in various places
throughout this specification are not necessarily referring to the same embodiment of
the invention. Furthermore, the particular features, structures, materials, or
characteristics may be combined in any suitable manner in one or more embodiments,
[0049] The invention has been described with specific reference to the
embodiments and modifications thereto described above. Further modifications and
alterations may occur to others upon reading and understanding the specification. It is
intended to include all such modifications and alterations insofar as they come within

the scope of the invention.
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Whiat is claimed is:
I. An exhaust gas treatment catalyst composite comprising:

a substrate comprising first and second pluralities of longitudinal passages
wherein the first plurality of passages define an inner radial zone and the second
plurality of passages define an outer radial zone,

wherein internal surfaces of the first and second pluralities of longitudinal
passages comprise at least one catalytic layer comprising a catalytic metal on a
support, and

the second plurality of passages are configured such that more exhaust gas
flows through the first plurality of passages as compared to the second plurality of

passages.

2. The catalyst composite of claim I, wherein the internal surfaces of the second
plurality of passages further comprise a layer comprising a trapping or adsorbing
material in the absence of precious metals and the internal surfaces of first plurality of

passages are substantially free of the trapping or adsorbing material,

3. The catalyst composite of claim 1, wherein the internal surfaces of the first
and second plurality of passages further comprise a layer comprising a trapping or
adsorbing material in the absence of precious metals, and the second plurality of
passages have a longer average axial length as compared to the first plurality of

passages.

4. The catalyst composite of claim 1, wherein the internal surfaces of the first
and second plurality of passages further comprise a layer comprising a trapping or
adsorbing material in the absence of precious metals, and the second plurality of
passages have an average opening perimeter size that is smaller as compared to the

first plurality of passages.

5. The catalyst composite of claim 1, wherein the outer radial zone comprises up

fo approximately 50 % of the cross-sectional area of the substrate.

6. The catalyst composite of any one of claims 2 to 4, wherein the trapping or

adsorbing material comprises a hydrocarbon adsorbent,
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7. The catalyst composite of claim 6, wherein the layer comprising the

hydrocarbon adsorbent is located below the at least one catalytic layer,

8. The catalyst composite of claim 6, wherein the layer comptising the
hydrocarbon adsorbent begins from an inlet end of the substrate and extends axially

for no less than the lesser of 1 em or 20% of the substrate's length.

9. The catalyst composite of claim 6, wherein the hydrocarbon adsorbent
comprises a molecular sieve that comprises a zeolite selected from the group

consisting of ZSM-5, Y-zeolite, beta-zeolites, and combinations thereof.

10.  The catalyst composite of any one of claims 2 to 4, wherein the {rapping or
adsorbing material comprises an oxygen storage component that is selected from the

group consisting of ceria, praseodymia, and combinations thereof.

11.  The catalyst composite of claim 10, wherein the layer comprising the oxygen

storage component is located either above or below the at least one catalytic layer.

12.  The catalyst composite of claim 10, wherein the layer comprising the oxygen
storage component begins from an outlet end of the substrate and extends axially for

no less than the lesser of 1 cm or 20% of the substrate's length.

13.  The catalyst composite of claim 1, wherein the average length of the second
plurality of passages is longer than the average length of the first plurality of passages

by 1 cm or 20% of the substrate's length, whichever is less.

14, A system for treatment of an internal combustion engine exhaust stream
including hydrocarbons, carbon monoxide, and other exhaust gas components, the

emission treatment system comprising:

an exhaust conduit in fluid communication with the internal combustion
engine via an exhaust manifold; and

the catalyst composite according to any one of claims 1 to 4.

15. A method for treating exhaust gases comprising contacting a gascous stream
comprising hydrocarbons, carbon monoxide, and nitrogen oxides with the catalyst

composite according to any one of claims 1 to 4,
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