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(54) NOVEL THREE-ZONE TWO-LAYER TWC CATALYST IN GASOLINE WASTE GAS 
APPLICATIONS

(57) A three-way catalyst article, and its use in an
exhaust system for internal combustion engines, is dis-
closed. The catalyst article for treating exhaust gas com-
prising: a substrate comprising an inlet end, an outlet end
with an axial length L; an inlet catalyst layer beginning at
the inlet end and extending for less than the axial length

L, wherein the inlet catalyst layer comprises an inlet pal-
ladium component; an outlet catalyst layer beginning at
the outlet end and extending for less than the axial length
L, wherein the outlet catalyst layer comprises an outlet
rhodium component; and wherein the outlet catalyst layer
overlaps with the inlet catalyst layer.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a catalyzed article useful in treating exhaust gas emissions from gasoline
engines.

BACKGROUND OF THE INVENTION

[0002] Internal combustion engines produce exhaust gases containing a variety of pollutants, including hydrocarbons
(HCs), carbon monoxide (CO), and nitrogen oxides ("NOx"). Emission control systems, including exhaust gas catalysts,
are widely utilized to reduce the amount of these pollutants emitted to atmosphere. A commonly used catalyst for gasoline
engine applications is the TWC. TWCs perform three main functions: (1) oxidation of CO; (2) oxidation of unburnt HCs;
and (3) reduction of NOx to N2.
[0003] In most catalytic converters, the TWC is coated onto a high surface area substrate that can withstand high
temperatures, such as flow-through honeycomb monoliths. The large surface area of these substrates facilitates the
desired heterogeneous reactions, but can also contribute to the increase of exhaust backpressure, i.e., restrictions on
the flow of exhaust gas from the engine to the tail pipe. High backpressure in an exhaust system can reduce the engine’s
fuel economy and power output. Despite advances in TWC technology such as those described in US Pat. No. 6,022,825,
US Pat. No. 9,352,279, US Pat. No. 9,040,003, and US Pat. Publication No. 2016/0228818, there remains a need for
improved catalytic converters for certain engine platforms that simultaneously produce high conversion rates and low
back pressure. This invention solves these problems amongst others.

SUMMARY OF THE INVENTION

[0004] One aspect of the present disclosure is directed to a catalyst article for treating exhaust gas comprising: a
substrate comprising an inlet end, an outlet end with an axial length L; an inlet catalyst layer beginning at the inlet end
and extending for less than the axial length L, wherein the inlet catalyst layer comprises an inlet palladium component;
an outlet catalyst layer beginning at the outlet end and extending for less than the axial length L, wherein the outlet
catalyst layer comprises an outlet rhodium component; and wherein the outlet catalyst layer overlaps with the inlet
catalyst layer.
[0005] The invention also encompasses an exhaust system for internal combustion engines that comprises the three-
way catalyst component of the invention.
[0006] The invention also encompasses treating an exhaust gas from an internal combustion engine, in particular for
treating exhaust gas from a gasoline engine. The method comprises contacting the exhaust gas with the three-way
catalyst component of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

Figure 1 shows a catalyst article having an inlet catalyst layer and an outlet catalyst layer. The inlet catalyst layer
is fully supported/deposited directly on the substrate. The outlet catalyst layer is partially supported/deposited directly
on the substrate and partially supported/deposited on the top of the inlet catalyst layer.

Figure 2 shows a catalyst article having an inlet catalyst layer and an outlet catalyst layer. The outlet catalyst layer
is fully supported/deposited directly on the substrate. The inlet catalyst layer is partially supported/deposited directly
on the substrate and partially supported/deposited on the top of the outlet catalyst layer.

Figure 3 shows a comparative commercial catalyst article having two layers on the substrate with one zone.

DETAILED DESCRIPTION OF THE INVENTION

[0008] The present invention is directed to the catalytic conversion of combustion exhaust gas, such as that produced
by gasoline engines or other engines, and to related catalytic articles and systems. More specifically, the invention
relates the simultaneous treatment of NOx, CO, and HC in a vehicular exhaust system. The inventors have discovered
a synergistic relationship between the certain catalytically active metals and their orientation that unexpectedly produces
both a high conversion rate for NOx, CO, and HC while simultaneously generating low backpressure. The processes of
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the present invention also reduce processing time and lower costs of the catalyst.
[0009] One aspect of the present disclosure is directed to a catalyst article for treating exhaust gas comprising: a
substrate comprising an inlet end, an outlet end with an axial length L; an inlet catalyst layer beginning at the inlet end
and extending for less than the axial length L, wherein the inlet catalyst layer comprises an inlet palladium component;
an outlet catalyst layer beginning at the outlet end and extending for less than the axial length L, wherein the outlet
catalyst layer comprises an outlet rhodium component; and wherein the outlet catalyst layer overlaps with the inlet
catalyst layer.
[0010] The catalyst article of the present invention can have three catalyst zones along the axis of the substrate: an
upstream zone coated only with the inlet catalyst layer, a middle zone coated with both the inlet and the outlet catalyst
layers, and a downstream zone coated only with the outlet catalyst layer.
[0011] The inventors have found that these catalysts with various orientations produce a synergistic effect in both
improving catalyst performance and decreasing backpressure that is not achieved using the catalyst separately or in
conventional orientations. Among the unexpected benefits of the present invention are lower backpressure compared
to conventional TWC catalysts of similar concentration (washcoat loadings) and improved catalytic performance com-
pared to conventional TWC catalyst, even when the conventional TWC is at higher concentrations. These benefits lead
to improved engine performance, improved fuel economy, and lower costs.
[0012] The inlet catalyst layer of the catalyst article can extend for 50 to 99 percent of the axial length L. Preferably,
the inlet catalyst layer can extend for 55 to 95 percent, 60 to 90 percent, more preferably, 65 to 85 percent, of the axial
length L. (E.g., see FIGs.1 and 2).
[0013] The outlet catalyst layer of the catalyst article can extend for 50 to 99 percent of the axial length L. Preferably,
the outlet catalyst layer can extend for 55 to 95 percent, 60 to 90 percent, more preferably, 65 to 85 percent, of the axial
length L. (E.g., see FIGs. 1 and 2).
[0014] The inlet catalyst layer can be essentially free of PGM metals other than the inlet palladium component.
[0015] The inlet catalyst layer can comprise PGM metals other than the inlet palladium component, such as platinum
and/or rhodium. The inlet catalyst layer can comprise up to 300g/ft3 of the inlet palladium or platinum palladium component.
Preferably, the inlet catalyst layer can comprise 10-200 g/ft3, more preferably, 20-150 g/ft3 of the inlet palladium or
platinum palladium component, wherein the weight ratio of platinum to palladium can be 60:1 to 1:60, preferably 30:1
to 1:30, more preferably 10:1 to 1:10.
[0016] The inlet catalyst layer can further comprise an inlet inorganic oxide material, an oxygen storage capacity (OSC)
material, an inlet alkali or alkali earth metal component, and/or an inlet inorganic oxide.
[0017] The total washcoat loading of the inlet catalyst layer can be from 0.1 to 5 g/in3. Preferably, the total washcoat
loading of the inlet catalyst layer is 0.5 to 3.5 g/in3, most preferably, the total washcoat loading of the inlet catalyst layer
is 1 to 2.5 g/in3.
[0018] The inlet OSC material is preferably selected from the group consisting of cerium oxide, zirconium oxide, a
ceria-zirconia mixed oxide, and an alumina-ceria-zirconia mixed oxide. More preferably, the inlet OSC material comprises
the ceria-zirconia mixed oxide. The ceria-zirconia mixed oxide can further comprise some dopants, such as, La, Nd, Y,
Pr, etc.
[0019] The ceria-zirconia mixed oxide can have a molar ratio of zirconia to ceria at least 50:50, preferably, higher than
60:40, more preferably, higher than 75:25.In addition, the inlet OSC material may function as a support material for the
inlet palladium component.
[0020] The inlet OSC material (e.g., ceria-zirconia mixed oxide) can be from 10 to 90 wt%, preferably, 25-75 wt%,
more preferably, 35-65wt %, based on the total washcoat loading of the inlet catalyst layer.
[0021] The inlet OSC material loading in the inlet catalyst layer can be less than 1.5 g/in3. In some embodiments, the
inlet OSC material loading in the inlet catalyst layer is no greater than 1.2 g/in3, 1.0 g/in3, 0.9 g/in3, 0.8 g/in3, 0.7 g/in3,
or 0.6 g/in3.
[0022] In some embodiments, the inlet alkali or alkali earth metal may be deposited on the inlet OSC material. Alter-
natively, or in addition, the inlet alkali or alkali earth metal may be deposited on the inlet inorganic oxide. That is, in some
embodiments, the inlet alkali or alkali earth metal may be deposited on, i.e. present on, both the inlet OSC material and
the inlet inorganic oxide.
[0023] Preferably the inlet alkali or alkali earth metal is supported/deposited on the inlet inorganic oxide (e.g., alumina).
In addition to, or alternatively to, being in contact with the inlet inorganic oxide, the inlet alkali or alkali earth metal may
be in contact with the inlet OSC material and also the inlet palladium component.
[0024] The inlet alkali or alkali earth metal is preferably barium or strontium. Preferably the barium or strontium, where
present, is present in an amount of 0.1 to 15 weight percent, and more preferably 3 to 10 weight percent barium, based
on the total weight of the inlet catalyst layer.
[0025] Preferably the barium is present as BaCO3. Such a material can be performed by any method known in the
art, for example incipient wetness impregnation or spray-drying.
[0026] The inlet inorganic oxide is preferably an oxide of Groups 2, 3, 4, 5, 13 and 14 elements. The inlet inorganic
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oxide is preferably selected from the group consisting of alumina, ceria, magnesia, silica, niobia, lanthanum, zirconium,
neodymium, praseodymium oxides and mixed oxides or composite oxides thereof. Particularly preferably, the inlet
inorganic oxide is alumina, a lanthanum/alumina composite oxide, or a magnesia/alumina composite oxide. One espe-
cially preferred inlet inorganic oxide is a lanthanum/alumina composite oxide or a magnesia/alumina composite oxide.
The inlet inorganic oxide may be a support material for the inlet palladium component, and/or for the inlet alkali or alkali
earth metal.
[0027] Preferred inlet inorganic oxides preferably have a fresh surface area of greater than 80 m2/g, pore volumes in
the range 0.1 to 4 mL/g. High surface area inorganic oxides having a surface area greater than 100 m2/g are particularly
preferred, e.g. high surface area alumina. Other preferred inlet inorganic oxides include lanthanum/alumina composite
oxides, optionally further comprising a cerium-containing component, e.g. ceria. In such cases the ceria may be present
on the surface of the lanthanum/alumina composite oxide, e.g. as a coating.
[0028] The inlet OSC material and the inlet inorganic oxide can have a weight ratio of no greater than 10:1, preferably,
no greater than 8:1 or 5:1, more preferably, no greater than 4:1 or 3:1, most preferably, no greater than 2:1.
[0029] Alternatively, the inlet OSC material and the inlet inorganic oxide can have a weight ratio of 10:1 to 1:10,
preferably, 8:1 to 1:8 or 5:1 to 1:5; more preferably, 4:1 to 1:4 or 3:1 to 1:3; and most preferably, 2:1 to 1:2.
[0030] The outlet catalyst layer can be essentially free of PGM metals other than the outlet rhodium component.
[0031] The outlet catalyst layer can comprise 1-20 g/ft3 of the outlet rhodium or platinum rhodium component. Pref-
erably, the outlet catalyst layer can comprise 2-15 g/ft3, more preferably, 3-10 g/ft3 of the outlet rhodium or platinum
rhodium component, wherein the weight ratio of platinum to rhodium can be 20:1 to 1:20, preferably 15:1 to 1:15, more
preferably 10:1 to 1:10.
[0032] The total washcoat loading of the outlet catalyst layer can be 0.1 to 3.5 g/in3. Preferably, the total washcoat
loading of the outlet catalyst layer is 0.5 to 3 g/in3, most preferably, the total washcoat loading of the outlet catalyst layer
is 0.6 to 2 g/in3.
[0033] The outlet catalyst layer can further comprise an outlet oxygen storage capacity (OSC) material, an outlet alkali
or alkali earth metal component, and/or an outlet inorganic oxide.
[0034] The outlet OSC material is preferably selected from the group consisting of cerium oxide, zirconium oxide, a
ceria-zirconia mixed oxide, and an alumina-ceria-zirconia mixed oxide. More preferably, the outlet OSC material com-
prises the ceria-zirconia mixed oxide. The ceria-zirconia mixed oxide can further comprise some dopants, such as,
lanthanum, neodymium, praseodymium, yttrium, etc.
[0035] The ceria-zirconia mixed oxide can have a molar ratio of zirconia to ceria at least 50:50, preferably, higher than
60:40, more preferably, higher than 80:20.In addition, the outlet OSC material may function as a support material for
the outlet rhodium component.
[0036] The outlet OSC material (e.g., bulk ceria) can be from 10 to 90 wt%, preferably, 25-75 wt%, more preferably,
35-65wt %, based on the total washcoat loading of the outlet catalyst layer.
[0037] The outlet OSC material loading in the outlet catalyst layer can be less than 1.5 g/in3. In some embodiments,
the outlet OSC material loading in the outlet catalyst layer is no greater than 1.2 g/in3, 1.1 g/in3, or 1.0 g/in3.
[0038] The outlet alkali or alkali earth metal is preferably barium or strontium. Preferably the barium or strontium,
where present, is present in an amount of 0.1 to 15 weight percent, and more preferably 3 to 10 weight percent barium,
based on the total weight of the outlet catalyst layer.
[0039] Preferably the barium is present as BaCO3. Such a material can be performed by any method known in the
art, for example incipient wetness impregnation or spray-drying.
[0040] The outlet catalyst layer is preferably substantially free of the outlet alkali or alkali earth metal. More preferably,
the outlet catalyst layer is essentially free of the outlet alkali or alkali earth metal
[0041] The outlet inorganic oxide is preferably an oxide of Groups 2, 3, 4, 5, 13 and 14 elements. The outlet inorganic
oxide is preferably selected from the group consisting of alumina, ceria, magnesia, silica, niobia, lanthanum, zirconium,
neodymium, praseodymium oxides and mixed oxides or composite oxides thereof. Particularly preferably, the outlet
inorganic oxide is alumina, a lanthanum/alumina composite oxide, or a magnesia/alumina composite oxide. One espe-
cially preferred outlet inorganic oxide is a lanthana/alumina composite oxide or a magnesia/alumina or a zirconium/alu-
mina composite oxide. The outlet inorganic oxide may be a support material for the outlet rhodium component.
[0042] The outlet OSC material and the outlet inorganic oxide can have a weight ratio of no greater than 10:1, preferably,
no greater than 8:1 or 5:1, more preferably, no greater than 4:1, most preferably, no greater than 3:1.
[0043] Alternatively, the outlet OSC material and the outlet inorganic oxide can have a weight ratio of 10:1 to 1:10,
preferably, 8:1 to 1:8 or 5:1 to 1:5; more preferably, 4:1 to 1:4; and most preferably, 3:1 to 1:3.
[0044] In some embodiments, the outlet rhodium component and the inlet palladium component has a weight ratio of
from 60:1 to 1:60. Preferably, the outlet rhodium component and the inlet palladium component has a weight ratio of
from 30:1 to 1:30. More preferably, the out rhodium component and the inlet palladium component has a weight ratio of
from 20:1 to 1:20. Most preferably, the outlet rhodium component and the inlet palladium component has a weight ratio
of from 15:1 to 1:15.
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[0045] The catalyst article of the invention may comprise further components that are known to the skilled person. For
example, the compositions of the invention may further comprise at least one binder and/or at least one surfactant.
Where a binder is present, dispersible alumina binders are preferred.
[0046] Preferably the substrate is a flow-through monolith, or wall flow gasoline particulate filter. More preferably, the
substrate is a flow-through monolith.
[0047] The substrate can be less than 100mm in length, preferably from 50 to 90mm.
[0048] The flow-through monolith substrate has a first face and a second face defining a longitudinal direction there
between. The flow-through monolith substrate has a plurality of channels extending between the first face and the second
face. The plurality of channels extend in the longitudinal direction and provide a plurality of inner surfaces (e.g. the
surfaces of the walls defining each channel). Each of the plurality of channels has an opening at the first face and an
opening at the second face. For the avoidance of doubt, the flow-through monolith substrate is not a wall flow filter.
[0049] The first face is typically at an inlet end of the substrate and the second face is at an outlet end of the substrate.
[0050] The channels may be of a constant width and each plurality of channels may have a uniform channel width.
[0051] Preferably within a plane orthogonal to the longitudinal direction, the monolith substrate has from 100 to
900channels per square inch, preferably from 300 to 750. For example, on the first face, the density of open first channels
and closed second channels is from 300 to 750 channels per square inch. The channels can have cross sections that
are rectangular, square, circular, oval, triangular, hexagonal, or other polygonal shapes.
[0052] The monolith substrate acts as a support material for holding catalytic material. Suitable materials for forming
the monolith substrate include ceramic-like materials such as cordierite, silicon carbide, silicon nitride, zirconia, mullite,
spodumene, alumina-silica magnesia or zirconium silicate, or of porous, refractory metal. Such materials and their use
in the manufacture of porous monolith substrates is well known in the art.
[0053] It should be noted that the flow-through monolith substrate described herein is a single component (i.e. a single
brick). Nonetheless, when forming an emission treatment system, the monolith used may be formed by adhering together
a plurality of channels or by adhering together a plurality of smaller monoliths as described herein. Such techniques are
well known in the art, as well as suitable casings and configurations of the emission treatment system.
[0054] In embodiments wherein the catalyst article of the present comprises a ceramic substrate, the ceramic substrate
may be made of any suitable refractory material, e.g., alumina, silica, titania, ceria, zirconia, magnesia, zeolites, silicon
nitride, silicon carbide, zirconium silicates, magnesium silicates, aluminosilicates and metallo aluminosilicates (such as
cordierite and spodumene), or a mixture or mixed oxide of any two or more thereof. Cordierite, a magnesium alumino-
silicate, and silicon carbide are particularly preferred.
[0055] In embodiments wherein the catalyst article of the present invention comprises a metallic substrate, the metallic
substrate may be made of any suitable metal, and in particular heat-resistant metals and metal alloys such as titanium
and stainless steel as well as ferritic alloys containing iron, nickel, chromium, and/or aluminum in addition to other trace
metals.
[0056] As shown in FIG. 1, the inlet catalyst layer is fully supported/deposited directly on the substrate. The outlet
catalyst layer is partially supported/deposited directly on the substrate and partially supported/deposited on the top of
the inlet catalyst layer. Thus, the middle zone comprises both the inlet catalyst layer and the outlet catalyst layer.
[0057] As shown in FIG. 2, the outlet catalyst layer is fully supported/deposited directly on the substrate. The inlet
catalyst layer is partially supported/deposited directly on the substrate and partially supported/deposited on the top of
the outlet catalyst layer. Thus, the middle zone comprises both the outlet catalyst layer and the inlet catalyst layer.
[0058] Another aspect of the present disclosure is directed to a method for treating a vehicular exhaust gas containing
NOx, CO, and HC using the catalyst article described herein. Catalytic converters equipped with TWC made according
to the invention not only show improved or comparable catalytic performance compared to conventional TWC, but also
show a significant improvement in backpressure (e.g., see Examples 1 and 2 and Tables1 and 2).
[0059] Another aspect of the present disclosure is directed to a system for treating vehicular exhaust gas comprising
the catalyst article described herein in conjunction with a conduit for transferring the exhaust gas through the system.

DEFINTIONS

[0060] The term "washcoat" is well known in the art and refers to an adherent coating that is applied to a substrate
usually during production of a catalyst.
[0061] The acronym "PGM" as used herein refers to "platinum group metal". The term "platinum group metal" generally
refers to a metal selected from the group consisting of Ru, Rh, Pd, Os, Ir and Pt, preferably a metal selected from the
group consisting of Ru, Rh, Pd, Ir and Pt. In general, the term "PGM" preferably refers to a metal selected from the group
consisting of Rh, Pt and Pd.
[0062] The term "mixed oxide" as used herein generally refers to a mixture of oxides in a single phase, as is conven-
tionally known in the art. The term "composite oxide" as used herein generally refers to a composition of oxides having
more than one phase, as is conventionally known in the art.
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[0063] The expression "consist essentially" as used herein limits the scope of a feature to include the specified materials
or steps, and any other materials or steps that do not materially affect the basic characteristics of that feature, such as
for example minor impurities. The expression "consist essentially of’ embraces the expression "consisting of".
[0064] The expression "substantially free of’ as used herein with reference to a material, typically in the context of the
content of a region, a layer or a zone, means that the material in a minor amount, such as ≤ 5 % by weight, preferably
≤ 2 % by weight, more preferably ≤ 1 % by weight. The expression "substantially free of’ embraces the expression "does
not comprise."
[0065] The expression "essentially free of" as used herein with reference to a material, typically in the context of the
content of a region, a layer or a zone, means that the material in a trace amount, such as ≤ 1 % by weight, preferably
≤ 0.5 % by weight, more preferably ≤ 0.1 % by weight. The expression "essentially free of’ embraces the expression "does
not comprise."
[0066] Any reference to an amount of dopant, particularly a total amount, expressed as a % by weight as used herein
refers to the weight of the support material or the refractory metal oxide thereof.
[0067] The term "loading" as used herein refers to a measurement in units of g/ft3 on a metal weight basis.
[0068] The following examples merely illustrate the invention. Those skilled in the art will recognize many variations
that are within the spirit of the invention and scope of the claims.

EXAMPLES

Materials

[0069] All materials are commercially available and were obtained from known suppliers, unless noted otherwise.

Catalyst 1 (Comparative)

[0070] Catalyst 1 is a commercial three-way (Pd-Rh) catalyst with a double-layered structure (e.g., as shown in FIG.
3). The bottom layer consists of Pd supported on a washcoat of a first CeZr mixed oxide, La-stabilized alumina, and Ba
promotor. The washcoat loading of the bottom layer was about 2.2 g/in3 with a Pd loading of 75 g/ft3. The top layer
consists of Rh supported on a washcoat of a second CeZr mixed oxide, La-stabilized alumina. The washcoat lading of
the top layer was about 1.6 g/in3 with a Rh loading of 5 g/ft3. The total washcoat loading of Catalyst 1 was about 3.8 g/in3.

Catalyst 2

[0071] Catalyst 2 was prepared according to the present invention. The bottom layer consists of Pd supported on a
washcoat of an inlet CeZr mixed oxide, La-stabilized alumina, and Ba promotor. The washcoat loading of the bottom
layer was about 2.2 g/in3 with a Pd loading of 75 g/ft3. The top layer consists of Rh supported on a washcoat of an outlet
CeZr mixed oxide, La-stabilized alumina. The washcoat lading of the top layer was about 1.6 g/in3 with a Rh loading of
5 g/ft3. The total washcoat loading of Catalyst 2 (middle zone) was about 3.8 g/in3.
[0072] The final slurry of bottom layer containing Pd was coated from the inlet face of the same substrate as Comparative
Catalyst 1 using standard coating procedures with coating depth targeted of 80% of the substrate length, dried at 90 °C.
Then the top layer slurry containing Rh was coated from the outlet face of the substrate containing dried bottom layer
using standard coating procedures with coating depth targeted of 80% of the substrate length, then dried at 90 °C and
calcined at 500 °C for 45 mins.

Catalyst 3

[0073] Catalyst 3 was prepared according to the present invention. The bottom layer consists of Pd supported on a
washcoat of an inlet CeZr mixed oxide, La-stabilized alumina, and Ba promotor. The washcoat loading of the bottom
layer was about 1.9 g/in3 with a Pd loading of 75 g/ft3. The top layer consists of Rh supported on a washcoat of an outlet
CeZr mixed oxide, La-stabilized alumina. The washcoat lading of the top layer was about 1.5 g/in3 with a Rh loading of
5 g/ft3. The total washcoat loading of Catalyst 3 (middle zone) was about 3.4 g/in3.
[0074] The final slurry of bottom layer containing Pd was coated from the inlet face of the same substrate as Comparative
Catalyst 1 using standard coating procedures with coating depth targeted of 80% of the substrate length, dried at 90 °C.
Then the top layer slurry containing Rh was coated from the outlet face of the substrate containing dried bottom layer
using standard coating procedures with coating depth targeted of 80% of the substrate length, then dried at 90 °C and
calcined at 500 °C for 45 mins.
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Catalyst 4

[0075] Catalyst 4 was prepared according to the present invention. The bottom layer consists of Pd supported on a
washcoat of an inlet CeZr mixed oxide, La-stabilized alumina, and Ba promotor. The washcoat loading of the bottom
layer was about 1.7 g/in3 with a Pd loading of 75 g/ft3. The top layer consists of Rh supported on a washcoat of an outlet
CeZr mixed oxide, La-stabilized alumina. The washcoat lading of the top layer was about 1.3 g/in3 with a Rh loading of
5 g/ft3. The total washcoat loading of Catalyst 4 (middle zone) was about 3.0 g/in3.
[0076] The final slurry of bottom layer containing Pd was coated from the inlet face of the same substrate as Comparative
Catalyst 1 using standard coating procedures with coating depth targeted of 80% of the substrate length, dried at 90 °C.
Then the top layer slurry containing Rh was coated from the outlet face of the substrate containing dried bottom layer
using standard coating procedures with coating depth targeted of 80% of the substrate length, then dried at 90 °C and
calcined at 500 °C for 45 mins.

Experimental results

Example 1

[0077] Comparative Catalyst 1 and Catalysts 2-4 were bench aged for 200 hours with four mode aging cycles, with
peak temperature at about 980 °C. Vehicle emissions were conducted over a commercial vehicle with 1.4 litre engine.
Emissions were measured pre- and post-catalyst.

[0078] As shown in Table 1, Catalyst 4 showed comparable or even improved catalyst performances (e.g., see the
improved performance related to the THC/NMHC emission, from 0.047/0.031 g/km to 0.042/0.026 g/km, with 11% and
16% improvement respectively, when Catalyst 4 was compared with Comparative Catalyst 1), even with lower total
washcoat loading of about 80% of such in Comparative Catalyst 1.

Example 2

[0079] Comparative Catalyst 1, Catalyst 2, and Catalyst 4 were coated on the same substrate type, cpsi and dimensions,
then they were evaluated for Cold Flow Backpressure at air flow rates of 200, 300, 400, and 600 m3/h.
[0080] The percentage increase in backpressure over the bare substrate for Comparative Catalyst 1, Catalyst 2, and
Catalyst 4 are shown in Table 2. The data indicate that the multi-zoned Catalyst 4 have significantly lower contribution
to backpressure than the standard two-layer example of Catalyst 1.

Table 1 Results of Exhaust Emissions by Vehicle Diluted Bag Data

Exhaust Emissions (g/km)

HC NMHC CO/10 NOx

Comparative Catalyst 1 0.047 0.031 0.050 0.018

Catalyst 2 0.045 0.028 0.054 0.021

Catalyst 3 0.044 0.026 0.057 0.015

Catalyst 4 0.042 0.026 0.058 0.017

Table 2: Catalyst Cold Flow Backpressure Test Results

Flow Rate (m3/h)
Backpressure (% increase over bare substrate)

Comparative Catalyst 1 Catalyst2 Catalyst 4

200 40 38 27

300 41 37 28

400 40 36 26

600 40 37 27
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Claims

1. A catalyst article for treating exhaust gas comprising:

a substrate comprising an inlet end, an outlet end with an axial length L;
an inlet catalyst layer beginning at the inlet end and extending for less than the axial length L, wherein the inlet
catalyst layer comprises an inlet palladium component;
an outlet catalyst layer beginning at the outlet end and extending for less than the axial length L, wherein the
outlet catalyst layer comprises an outlet rhodium component; and
wherein the outlet catalyst layer overlaps with the inlet catalyst layer.

2. The catalyst article of claim 1, wherein the inlet catalyst layer extends for 50 to 99 percent of the axial length L.

3. The catalyst article of claim 1 or claim 2, wherein the outlet catalyst layer extends for 50 to 99 percent of the axial
length L.

4. The catalyst article of any one of the preceding claims, wherein the outlet catalyst layer overlaps with the inlet catalyst
layer for 5 to 90 percent of the axial length L.

5. The catalyst article of any one of the preceding claims, wherein the outlet catalyst layer overlaps with the inlet catalyst
layer for 40 to 80 percent of the axial length L.

6. The catalyst article of any one of the preceding claims, wherein the inlet catalyst layer is essentially free of PGM
metals other than the inlet palladium component.

7. The catalyst article of any one of the preceding claims wherein the inlet layer comprises up to 300 g/ft3 of the inlet
palladium component.

8. The catalyst article of any one of the preceding claims, wherein the outlet catalyst layer is essentially free of PGM
metals other than the outlet rhodium component.

9. The catalyst article of any one of the preceding claims, wherein the outlet layer comprises 1-20 g/ft3 of the outlet
rhodium component.

10. The catalyst article of any one of the preceding claims, wherein the inlet catalyst layer further comprises an inlet
oxygen storage capacity (OSC) material, an inlet alkali or alkali earth metal component, and/or an inlet inorganic oxide.

11. The catalyst article of claim 10, wherein the inlet OSC material is selected from the group consisting of cerium oxide,
zirconium oxide, a ceria-zirconia mixed oxide, and an alumina-ceria-zirconia mixed oxide.

12. The catalyst article of claim 11, wherein the inlet OSC material comprises the ceria-zirconia mixed oxide.

13. The catalyst article of any one of claims 10-12, wherein the inlet palladium component is supported on the inlet
inorganic oxide.

14. The catalyst article of any one of claims 10-13, wherein the inlet inorganic oxide is selected from the group consisting
of alumina, ceria, magnesia, silica, lanthanum, neodymium, praseodymium, yttrium oxides, and mixed oxides or
composite oxides thereof.

15. The catalyst article of claim 14, wherein the inlet inorganic oxide is alumina, a lanthanum/alumina composite oxide,
or a magnesia/alumina composite oxide.

16. The catalyst article of any one of claims 10-15, wherein the inlet alkali or alkali earth metal is barium or strontium

17. The catalyst article of claim 16, wherein the barium or strontium is present in an amount of 0.1 to 15 wt% in the inlet
catalyst layer, based on the total weight of the inlet catalyst layer.

18. The catalyst article of any preceding claim, wherein the outlet catalyst layer further comprises an outlet oxygen
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storage capacity (OSC) material, and/or an outlet inorganic oxide.

19. The catalyst article of claim 18, wherein the outlet OSC material is selected from the group consisting of cerium
oxide, zirconium oxide, a ceria-zirconia mixed oxide, and an alumina-ceria-zirconia mixed oxide.

20. The catalyst article of claim 19, wherein the outlet OSC material comprises the ceria-zirconia mixed oxide.

21. The catalyst article of any one of claims 18-20, wherein the outlet inorganic oxide is selected from the group consisting
of alumina, zirconia, magnesia, silica, lanthanum, yttrium, neodymium, praseodymium oxides, and mixed oxides or
composite oxides thereof.

22. The catalyst article of claim 21, wherein the outlet inorganic oxide is alumina, a lanthana/alumina composite oxide,
or a magnesia/alumina composite oxide.

23. The catalyst article of any one of the preceding claims, wherein the substrate is a flow-through monolith or a wall
flow filter.

24. The catalyst article of any one of the preceding claims, wherein the substrate is less than 100mm in length.

25. The catalyst article of any one of the preceding claims, wherein the inlet catalyst layer is supported/deposited directly
on the substrate.

26. The catalyst article of any one of claims 1-25, wherein the outlet catalyst layer is supported/deposited directly on
the substrate.

27. An emission treatment system for treating a flow of a combustion exhaust gas comprising the catalyst article of any
one of claims 1-26.

28. A method of treating an exhaust gas from an internal combustion engine comprising contacting the exhaust gas
with the catalyst article of any one of claims 1-26.



EP 3 722 571 A1

10



EP 3 722 571 A1

11

5

10

15

20

25

30

35

40

45

50

55



EP 3 722 571 A1

12

5

10

15

20

25

30

35

40

45

50

55



EP 3 722 571 A1

13

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 6022825 A [0003]
• US 9352279 B [0003]

• US 9040003 B [0003]
• US 20160228818 A [0003]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

