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(57) ABSTRACT

Provided is an exhaust article (catalyst) coated on a single
substrate, such as a monolithic honeycomb having a plural-
ity of channels along the axial length of the catalyst.
Different washcoat compositions are deposited along the
length the channel walls of the substrate beginning from
cither the inlet or outlet axial end of the substrate to form
inlet and outlet catalyst layers, respectively. In the coating
process, the channel walls are coated with catalyst washcoat
compositions to lengths that are less than the substrates’
axial length. The architecture of the resulting catalyst layers
defines a plurality of zones along the length of the substrate.

22) Filed: . 27, 2002
(22)  Hile Jun. 27, The properties of each zone of the catalyst can be optimized
Publication Classification to address specific catalyst functions by manipulation of
both the coating lengths and the catalyst washcoat compo-
(51) Int. CL7 e, BO1D 53/34 sit1ons.
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MULTI-ZONE CATALYTIC CONVERTER

[0001] The present invention relates to an exhaust article
(catalyst) coated on a single substrate having multiple cata-
lytic zones along the axial length of the catalyst. The
properties of each zone of the catalyst can be optimized to
address specific catalyst functions. The mvention also
relates to methods for the preparation of the articles.

[0002] Catalytic converters are well known for the
removal and/or conversion of the harmful components of
exhaust gases. Catalytic converters have a variety of con-
structions for this purpose. In one form, the converter
comprises a rigid skeletal monolithic substrate on which
there 1s a catalytic coating. The monolith has a honeycomb-
type structure which has a multiplicity of longitudinal chan-
nels, typically 1n parallel, to provide a catalytically coated
body having a high surface area.

[0003] Monolithic honeycombs containing different cata-
lyst compositions 1n zones along the length of the honey-
comb are known for use in catalytic combustion processes
from references such as WO 92/09848. It 1s disclosed that
oraded catalyst structures can be made on ceramic and metal
monolith structures by a variety of processes. Monoliths can
be partially dipped in washcoat and excess washcoat blown
out of the channel. The process i1s repeated by dipping
further mto the washcoat sol. Alternatively, washcoat 1s
disclosed to be applied to metal foil which 1s then rolled into
a spiral structure. The washcoat 1s disclosed to be sprayed or
painted onto the metal foil or applied by other known
techniques such as by chemical vapor deposition, sputtering,
ctc.

10004] Copending U.S. patent application Ser. No. 09/067,
820, filed Apr. 28, 1998 herein incorporated by reference,
also discloses the use of zoned catalyst structures, as well as
methods for their preparation. The zoned catalyst structures
comprise coated honeycomb substrates having different
zones along the length of the channels. The zones are defined
by their coating (or lack of coating) and extend for a length
of the channel in which there 1s the same coating and
architecture. Soluble components, such as catalytic compo-
nents (e.g. platinum group metals) or promoters (e.g., rare
earth metal salts) in coating compositions are fixed in their
respective zones.

[0005] In order to meet ever more stringent emission
standards set by various regulatory agencies with minimum
manufacturing and material costs, 1t 1s desirable to refine
zone-coating technologies and optimize placement of par-
ticular catalytic or pollutant absorbent compositions along
the catalyst’s length. In particular, further improvements in
manufacturing can reduce catalyst processing times. Refine-
ments 1n catalyst architecture include optimizing placement
of catalytic or pollutant absorbent compositions along the
substrate’s length.

SUMMARY OF THE INVENTION

[0006] In one embodiment, the invention relates to an

cxhaust gas treatment article, having a substrate with an inlet
axial end (14), an outlet axial end (14'), wall elements (18)

having a length extending between the inlet axial end to the

outlet axial end and a plurality of axially enclosed channels
(16) defined by the wall elements. See for example, FIGS.
1-3. An inlet layer (26) is deposited on the wall elements

Jan. 1, 2004

beginning at the inlet axial end and has a length extending
for less than the wall elements’ length. The inlet layer has a
first inlet palladium component. An outlet layer (28) con-
tains an outlet palladium component, and at least partially
overlies the wall elements and the inlet layer. The outlet
layer begins at the outlet axial end extends for less than the
wall elements’ length. The coating architecture thereby

defining three zones; an inlet zone (20), an intermediate zone
(24), and a downstream zone (22).

[0007] In a preferred embodiment, the inlet layer also
contains an 1inlet refractory oxide support and an 1nlet
oxygen storage component. The outlet layer also contains an
outlet refractory oxide support.

[0008] In another preferred embodiment, the inlet layer
extends from the inlet axial end of the substrate for at least
90% and no more than 97% of the wall elements’ length, and
the outlet layer extends from the outlet axial end of the
substrate for at least 90% and no more than 97% of the wall
elements’ length. Preferably, there is at least 5 g/ft> of inlet
palladium component 1n the inlet layer, and there 1s at least
5 g/ft® of outlet palladium component in the outlet layer.

[0009] In another embodiment, the invention relates to an
exhaust gas treatment article having a substrate with an inlet
axial end (14), an outlet axial end (14'), wall elements (18)
having a length extending between the inlet axial end to the
outlet axial end and a plurality of axially enclosed channels
(16) defined by the wall elements. See, for example, FIG. 4.
In this embodiment, an outlet layer (34) is deposited on the
wall elements beginning at the outlet axial end, and has a
length extending for less than the wall elements’ length. The
outlet layer has a first outlet palladium component. An 1nlet
layer (30) contains an inlet rhodium component and at least
partially overlies the wall elements and the inlet layer. The
inlet layer begins from the inlet axial end and extends for
less than the wall elements’ length. Preferably, each of the
inlet and outlet layers have a length extending for at least
90% and no more than 97% of the wall elements’ length.

[0010] In a preferred embodiment, the inlet layer also has
an 1nlet refractory oxide support and an inlet oxygen storage
component, and the outlet layer-has an outlet support.

[0011] Another aspect of the invention relates to an
exhaust gas treatment article with a multi-zone coating
architecture that includes an additional catalyst coating layer
segment. See, for example, FIGS. § and 6. Here again, the
article includes a substrate with an inlet axial end, an outlet
axial end, wall elements having a length extending between
the 1nlet axial end to the outlet axial end and a plurality of
axially enclosed channels defined by the wall elements. A
first inlet layer (32) is deposited on the wall elements
beginning at the 1nlet axial end and extends for less than the
wall elements’ length. A first outlet layer (36) at least
partially overlies the wall elements and the first inlet layer,
and beginning at the outlet axial end, extends for less than
the wall elements’ length. Preferably, the first inlet layer and
the first outlet layer each extend for at least 60% of the wall
clements’ length.

[0012] The article includes a second layer that 1s one of:

[0013] a) a second inlet layer (38A, see, for example,
FIG. 5) overlying at least part of the first inlet layer,
beginning at the inlet axial end and having a length
extending for no more than 50% of the wall ele-
ments” length, or
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[0014] b) a second outlet layer (38B, see, for
example, FIG. 6) overlying at least part of the first
outlet layer, beginning at the outlet axial end and
having a length extending for no more than 50% of
the wall elements’ length.

[0015] Preferably, the second layer has a washcoat loading
of less than 1.5 g/in”, more preferably less than 0.5 g/in”.

[0016] In one preferred embodiment of this multi-zone

article, the second layer 1s a second inlet layer. Preferably,
the second inlet layer has one or more platinum group metal
components having a loading of at least 20 g/ft>. The
platinum group metal component in the second inlet layer
preferably includes an inlet palladium component or a
combination of an inlet palladium and platinum component.
Preferably, there is at least 80 g/ft> of second inlet palladium
component 1n the second inlet layer.

[0017] In a particularly preferred embodiment of this
multi-zone article with a second inlet layer, the first inlet
layer has a first inlet palladium component, a first inlet
refractory oxide support and a first inlet oxygen storage
component. Preferably, the first mlet layer also includes a
first platinum component. The {first outlet layer has a first
outlet platinum component, a first outlet rhodium compo-
nent and a first outlet refractory oxide support.

[0018] In another preferred embodiment of the article, the
second layer 1s a second outlet layer. The second outlet layer
preferably has a second outlet palladium component, or both
a second outlet palladium component and a second outlet
platinum component. In a particularly preferred embodiment
of this multi-zone article, the first inlet layer has a first inlet
palladium component, a first inlet refractory oxide support
and a first 1nlet oxygen storage component. Preferably, the
first inlet layer further includes a first mlet platinum com-
ponent. The first outlet layer has a first outlet platinum
component, a first outlet rhodium component and a first
outlet refractory oxide support.

[0019] In another aspect, the invention relates to an
exhaust article with an undercoat layer (see, for example,
FIG. 7). The article has a substrate with an inlet axial end,
an outlet axial end, wall elements having a length extending
between the inlet axial end to the outlet axial end and a
plurality of axially enclosed channels defined by the wall
elements. The undercoat layer (40) is deposited on the wall
clements and 1s preferably coated from the inlet axial end to
the outlet axial end. The undercoat layer can have, for
example, nitrogen oxides adsorption material or hydrocar-
bon trapping material. A first inlet layer (32) is deposited on
the undercoat layer beginning at the inlet axial end and
extends for less than the wall elements’ length. A first outlet
layer (36) at least partially overlies the undercoat layer and
the first inlet layer. The first outlet layer 1s coated from the
outlet axial end, and extends for less than the wall elements’
length. The second outlet layer overlies at least part of the
first outlet layer, beginning at the outlet axial end, and
extends for no more than 50% of the wall elements’ length.

[0020] In a preferred embodiment, the second outlet layer
includes a second outlet rhodium component, or a combi-
nation of a second outlet rhodium component and a second
outlet platinum component. Preferably, the second outlet
layer has a platinum group metal loading of at least 5 g/ft".

Jan. 1, 2004

BRIEF DESCRIPITION OF THE DRAWINGS

[10021] FIG. 1 1s a view of in perspective of a honeycomb
substrate.

10022] FIG. 2 is a sectional view of the honeycomb of
FIG. 1 along Section 2-2.

[10023] FIGS. 3 to 7 are schematic drawings illustrating
various example substrate designs of the present invention.

10024] FIG. 8 is a schematic flow chart illustrating a
method of preparing the zoned catalyst architectures of the
present 1nvention.

10025] FIG. 9 is a graph of the U.S. Federal Test Proce-

dure in which the bag average tailpipe hydrocarbons (HC)
emissions are collected from an exhaust system using one
embodiment of a catalyst of the invention and an exhaust
using a comparative catalyst.

10026] FIG. 10 1s a graph of the U.S. Federal Test Pro-

cedure 1n which the bag average tailpipe nitrogen oxides
(NOx) emissions are collected from an exhaust system using
onc embodiment of a catalyst of the invention and an
exhaust system using a comparative catalyst.

10027] FIG. 11 graphically presents the hydrocarbon con-
version percentage as a function of A for an exhaust system
outfitted with one embodiment of a catalyst of the invention
and for an exhaust system outfitted with a comparative
catalyst.

[10028] FIG. 12 graphically presents the carbon monoxide
conversion percentage as a function of A for an exhaust
system outfitted with one embodiment of a catalyst of the
invention and for an exhaust system outlitted with a com-
parative catalyst.

10029] FIG. 13 graphically presents the nitrogen oxides
(NOx) conversion percentage as a function of A for an
exhaust system outfitted with one embodiment of a catalyst

of the mnvention and for an exhaust system outlitted with a
comparative catalyst.

[0030] FIG. 14 is a graph showing the results of a U.S.
Federal Test Procedure 1n which there 1s plotted the per-
centage of pollutants converted to innocuous substances by
onc embodiment of a catalyst of the invention being tested
as compared to a reference catalyst.

[0031] FIG. 15 is a graph showing the results of the U.S.
Federal Test Procedure in which the bag average tailpipe
hydrocarbons (HC) emissions are collected from an exhaust
system outfitted with one embodiment of a catalyst of the
invention, and exhaust systems outfitted with two compara-
five catalysts.

[0032] FIG. 16 1s a graph showing the results of the U.S.

Federal Test Procedure in which the cumulative tailpipe
hydrocarbon (HC) emissions are plotted on the left vertical
axis, the vehicle speed (km/hr) is plotted on the right axis
and the elapsed time of the test (in seconds) is plotted on the
horizontal axis.
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DETAILED DESCRIPTION OF THE
INVENTION

0033] Definitions

0034] The following terms shall have, for the purposes of
this application, the respective meanings set forth below.

[0035] “promoter” refers a material that enhances the
conversion of a desired chemical to another. In a TWC
catalyst the promoter enhances the catalytic conversion
of carbon monoxide and hydrocarbons into water and
carbon dioxide and nitrogen oxides into nitrogen and
oxygen.

[0036] “support” or “catalyst support” refers to particu-
late materials, typically refractory metal oxides, e.g.,
alumina, that are part of the catalyst composition.

[0037] “three way conversion” or “TWC” refers to the
simultaneous combustion of unburned hydrocarbons,
carbon monoxide and nitrogen oxides.

|0038] The present invention is directed to improved zone-
coated catalyst structures and methods for their manufac-
ture. The current invention integrates several catalytic com-
positions such as a hydrocarbon light-off catalyst, a three-
way conversion (TWC) catalyst, a hydrocarbon trap, or a
NOx trap 1nto a single unit. The processes of the present
invention reduce processing times and lower unit cost of
catalysts.

[0039] In the preparation of the catalysts of the invention,
different washcoat compositions are deposited along the
length the channel walls of the substrate beginning from
either the inlet or outlet axial end of the substrate to form
inlet and outlet catalyst layers, respectively. In the coating
process, the channel walls are coated with catalyst washcoat
compositions to lengths that are less than the substrates’
axial length. The architecture of the resulting catalyst layers
defines a plurality of zones along the length of the substrate.
An exhaust gas stream, passing from the inlet axial end to
the outlet axial end, encounters different catalyst layers or
different combinations of catalyst layers as it passes from
one zone of the catalyst to another. Through the placement
and choice of the composition of each catalyst layer, differ-
ent functions can be incorporated mto the catalyst depending
on the needs of various exhaust systems. The invention
therefore provides flexibility to meet a number of emission
abatement goals, €.g., enhanced hydrocarbon combustion at
low temperature, improved NOx activity and the like.

[0040] As can be seen in FIGS. 1 and 2, honeycomb
monolith substrates (10) comprise an outer surface (12), an
inlet axial end (14) and an outlet axial end (14'). There are
a plurality of parallel channels (16) defined by the honey-
comb walls (18). Each channel has a corresponding inlet and
outlet. The honeycomb has different zones along the length
of the channels. The walls (18) of the different zones are
coated with different catalyst compositions or architectures.
The honeycomb monoliths have different zones along the
length of the channels. The term “architecture” i1s used to
mean the physical design of the coating 1n a zone consid-
ering parameters such as the number of layers of coating
compositions, the thickness of the layers, and the order of
layers where there are more than one layer. The zones are
defined by their coating and extend for a length of the
channel in which there 1s the same coating and architecture.
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For example, a two zoned catalyst coating defines a zone
until 1t bounds with an adjacent zone having different
compositions or different numbers of layers. FIG. 2, for
example, shows a sectional view 2-2 of the honeycomb of
FIG. 1 containing three zones.

[0041] Each of the layers on the monolith substrates are
formed from washcoat compositions. Washcoat composi-
fions typically contain catalytic agents which comprise one
or more platinum group metal components (e.g., platinum,
palladium, rhodium, ruthenium and iridium) located upon a
high surface area, refractory oxide support, €.g., a high
surface area alumina coating. Other additives such as oxy-
gen storage components (e.g., ceria), binders, sulfide sup-
pressants, stabilizers and promoters can be included 1n the
composition. When the compositions are applied as a thin
coating to a monolithic carrier substrate, the proportions of
ingredients are conventionally expressed as grams of mate-
rial per cubic inch of catalyst as this measure accommodates
different gas flow passage cell sizes 1n different monolithic
carrier substrates. In the case of platinum group metal
components, the proportions of these components deposited
are also commonly expressed as grams of material per cubic
foot of catalyst. Weight of the palladium component and
other platinum group metal components recited below 1n
preferred catalysts are based on the weight of the metal.

0042] Three Zone Bilayer Catalyst

0043] In one embodiment, the invention provides a hon-
eycomb monolith substrate (10) having channel walls coated
with an 1nlet layer composition and an outlet layer compo-
sition according to the coating architecture depicted 1n a
sectional view of a single channel of a monolith in FIG. 3.
The inlet layer (26) is coated on the channel walls (18) of the
substrate from the inlet axial end (14) to a length that is less
than the axial length of the substrate. The outlet layer (28)
1s also coated on the channel walls from the outlet axial end
(14') of the substrate to a length that is less than the length
of the substrate. The lengths of the inlet and outlet layers can
be the same or different, so long as at least part of the inlet
and outlet layer overlap along an intermediate portion of the
substrate. The overlapping architecture thereby defines three
catalyst zones along the axis of the substrate: an upstream
zone (20) having channel walls coated only by the inlet
layer; an intermediate zone (24) wherein the channel walls
are coated with both an inlet and outlet layer; and a down-
stream zone (22) having channel walls containing only an
outlet layer coating. An exhaust gas flowing along the axial
length of this embodiment would first pass through the
upstream zone, then through the imtermediate zone and
finally through the downstream zone.

[0044] In an alternative configuration of this three-zone
bilayer catalyst, a segment of the inlet layer (30) overlies and
adheres to a segment of the outlet layer (34) as depicted in
the sectional view of a single channel 1n FIG. 4.

[0045] Depending on the washcoat compositions used to
form the inlet and outlet layers, each of the three zones can
have different catalytic properties and functions. The cata-
lyst can be adapted to provide different catalytic functions
such as hydrocarbon combustion at low catalyst tempera-
tures, high nitrogen oxides conversion, or efficient three-way
pollutant performance, depending upon the needs of the
exhaust system. Up to three catalyst functions can be pro-
vided on a single substrate resulting in reduced catalyst
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volumes and reduced catalyst manufacturing costs. More-
over, a single substrate having several catalytic functions
decreases the burden of housing multiple conventional cata-
lyst substrates each having separate functions in one or more
canisters.

[0046] Advantageously, the length of each of the inlet and
outlet layer can vary, so long as at least partial segments of
the layers overlap (to maintain three zones) so that the
catalyst can be adapted to exhaust systems having different
hydrocarbon and carbon monoxide/nitrogen oxides perfor-
mance requirements. In a preferred embodiment, each of the
inlet and outlet layers have a length of at least 90% of the
axial length of the substrate, so that the intermediate zone
has a length of at least 80% of the substrate.

10047] Due to the reduced coating lengths of each of the
layers, the material costs (especially the cost of the platinum
group metals) of the catalysts having the coating architecture
of FIGS. 3 and 4 are less than the material costs associated
with a conventional bilayer catalyst prepared on the same
substrate length and with the same washcoat compositions.
Using the coating architecture of FI1G. 3 or 4, the reduced
materials costs may either be taken as a cost saving to reduce
the overall cost of the catalyst, or the conserved platinum
oroup metal may be incorporated into the washcoat to
increase the platinum group metal concentration in the
layers deposited on the reduced coating length. The latter
strategy can be used to enhance the catalyst’s performance.

[0048] As mentioned above, the catalyst having the coat-
ing architecture shown m FIG. 3 1s useful for a number of
catalysts designed for different purposes. For example, using
a monolith substrate having a coating architecture as
depicted 1n FIG. 3, a catalyst can have an upstream zone
(20) wherein low temperature hydrocarbon performance is
emphasized, while the intermediate (24) downstream zones
(22) emphasize other catalyst functions such as carbon
monoxide/nitrogen oxides treatment. In this configuration,
the upstream zone not only provides the enhanced hydro-
carbon performance at lower temperatures, but the heat from
the combustion of the hydrocarbons also serves to heat the
other zones of the substrate to higher temperatures where
other catalytic reactions such as carbon monoxide oxidation
and nitrogen oxides reduction are optimized.

0049 Catalyst A

0050] Inone example of a preferred catalyst having these
functions and the coating architecture of FI1G. 3, there is
provided a catalyst containing three platinum group metal
components. The inlet layer (26) contains either an inlet
palladium component or a combination of inlet palladium
and 1nlet platinum components. Preferably, the inlet plati-
num group metal components 1n the mlet layer are deposited
in at least 80 g/ft> to ensure adequate hydrocarbon combus-
tion at lower temperature. The outlet layer (28) contains an
outlet rhodium component and an outlet platinum compo-
nent. Preferably 1n this configuration the outlet layer overlies
the 1nlet layer. With this architecture there 1s defined three
catalyst zones with the upstream zone (20) characterized as
being particularly well-suited for hydrocarbon combustion
at lower temperatures, e.g., below 300° C., an intermediate
zone (24) that maintains three way conversion performance
at higher temperatures, and a downstream zone (22) suited
for improved carbon monoxide/nitrogen oxides activity. The
coating lengths of each of the inlet and outlet layers can be
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varied to change the performance characteristics of the
catalyst to meet the demands of a particular exhaust system.
For example, lengthening each of the inlet and outlet layer
would result in a longer intermediate zone (24), which in
turn, would result 1n a catalyst having improved TWC
performance. The catalyst 1s designated heremn as “Catalyst
A”. In a preferred embodiment of Catalyst A, the coating
length of each of the inlet and outlet layers 1s at least 90%
of the axial length of the substrate.

[0051] Preferred Catalyst A can be formed according to
the coating architecture illustrated 1n FI1G. 3 with the wash-
coat compositions similar to those disclosed In WO
05/35152, hereby incorporated by reference. The catalyst
disclosed 1n WO 95/35152 1s a bilayer catalyst having a first
layer deposited on the channel walls of the substrate and a
second layer overlying and adhering to the first layer.

[0052] In Catalyst A, the inlet layer composition com-
prises at least one first palladium component, and can
optionally contain minor amounts of a platinum or rhodium
component based on the total platinum or rhodium metal of
the platinum and rhodium components 1n the inlet and outlet
layers. The outlet layer composition comprises at least two
outlet platinum group metal components with one of the
platinum group metal components preferably being a plati-
num component and the other preferably bemng a rhodium
component.

[0053] Platinum group metal component support compo-
nents 1n the mnlet and outlet layers of Catalyst A can be the
same or different, and are preferably compounds selected
from the group consisting of silica, alumina and titania
compounds. Preferred inlet and outlet supports can be acti-
vated compounds selected from the group consisting of
alumina, silica, silica-alumina, alumino-silicates, alumina-
zirconia, alumina-chromia, and alumina-rare earth metal
oxides (e.g., alumina-ceria).

[0054] A specific and preferred embodiment of Catalyst A
relates to a layered catalyst composite comprising an inlet
layer which comprises a inlet support having at least one
palladium component and from O to less than fifty weight
percent of an inlet layer platinum component based on the
total amount of platinum metal 1n the 1nlet and outlet layers.

[0055] Preferably, the inlet layer (26) comprises an inlet
support, an inlet palladium component, at least one 1nlet
stabilizer, and at least one inlet rare earth metal component
selected from ceria, neodymia and lanthana. The inlet layer
can also comprise an 1nlet oxygen storage composition
which comprises an inlet oxygen storage component. The
outlet layer preferably comprises an outlet support, at least
one outlet platinum component, at least one rhodium com-
ponent, and an outlet oXygen storage composition. There can
be from fifty to one hundred weight percent based on
platinum metal of the outlet layer platinum component based
on the total amount of platinum metal in the 1nlet and outlet
layers.

[0056] The outlet layer (28) preferably comprises an “out-
let” oxygen storage composition which comprises a diluted
outlet oxygen storage component. The oxygen storage com-
position comprises a diluent 1n addition to the oxygen
storage component. Useful and preferred diluents include
refractory oxides. Diluent i1s used to mean that the outlet
oxygen storage component 1s present 1n the oxygen storage
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composition 1n relatively minor amounts. The composition
1s a mixture which can be characterized as a composite
which may or may not be a true solid solution. The outlet
oxygen storage component 1s diluted to minimize interaction
with the rhodium component. Such interaction may reduce
long term catalytic activity. The outlet layer preferably
comprises an outlet oXygen storage composition comprising
a outlet oxygen storage component such as rare earth oxide,
preferably ceria. The outlet oxygen storage component 1s
diluted with a diluent such as a refractory metal oxide,
preferably zirconia. A particularly preferred outlet oxygen
storage composition 1s a co-precipitated ceria/zirconia com-
posite. There 1s preferably up to 30 weight percent ceria and
at least 70 weight percent zirconia. Preferably, the oxygen
storage composition comprises ceria, and one or more of
lanthana, neodymia, praseodymia, yttria or mixtures thereot
in addition to ceria. A particularly preferred particulate
composite comprises ceria, neodymia and zirconia. Prefer-
ably there 1s from 30 to 90 wt. % zirconia, 10-90% ceria, 0
and up to 10% neodymia. Optionally, the composite can
additionally contain up to 20 wt. % lanthana and up to 50 wt.
% praseodymia. The ceria not only stabilizes the zirconia by
preventing 1t from undergoing undesirable phase transior-
mation, but also behaves as an oxygen storage component
enhancing oxidation of carbon monoxide and the reduction
of nitric oxides.

[0057] Preferably, the outlet oxygen storage composition
1s 1n bulk form. By bulk form 1t 1s meant that the compo-
sition 1s 1n a solid, preferably fine particulate form, more
preferably having a particle size distribution such that at
least about 95% by weight of the particles typically have a
diameter of from 0.1 to 5.0, and preferably from 0.5 to 3
micrometers. Reference to the discussion of bulk particles 1s

made to U.S. Pat. Nos. 4,714,694 and 5,057,483 both hereby
incorporated by reference.

[0058] The outlet oxygen storage component and optional
inlet oxygen storage component are preferably selected from
the cerium group and preferably consist of certum com-
pounds, prasecodymium, and/or neodymium compounds.
When using cerrum group compounds it has been found that
if sulfur 1s present 1n the exhaust gas stream, objectionable
hydrogen sulfide can form. When 1t 1s preferred to minimize
hydrogen sulfide, 1t 1s preferred to additionally use Group
IIA metal oxides, preferably stronttum oxide. Where it 1s
desired to use cerum, praseodymium or neodymium com-
pounds at least one of the inlet or outlet layers can further
comprise a nickel or iron component to suppress hydrogen
sulfide. Preferably, the inlet layer further comprises a nickel
Or 1ron component.

[0059] Stabilizers can be in either the inlet or outlet layers,
and are preferably in the inlet layer. Stabilizers can be
selected from at least one alkaline earth metal component
derived from a metal selected from the group consisting of
magnesium, barium, calcium and strontium, preferably
strontium and barium.

[0060] Zirconium components in the inlet and/or outlet
layers are preferred and act as both stabilizers and a pro-
moters. Rare earth metal components (e.g., oxides) act to
promote the catalytic activity of the inlet layer composition.
Rare earth metal components are preferably selected from
the group consisting of lanthanum metal components and
ncodymium metal components.
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[0061] A useful and preferred inlet layer for Catalyst A
has:

[0062] from about 0.0175 to about 0.3 g/in” of pal-
ladium component;

[0063] from about O to about 0.065 g/in> of an inlet
platinum component;

[0064] from about 0.15 to about 2.0 g/in> of an inlet
support,

[0065] from about 0.025 to about 0.5 g/in” of at least
one 1nlet alkaline earth metal component;

[0066] from about 0.025 to about 0.5 g/in” of an inlet
zirconium component; and

[0067] from about 0.025 to about 0.5 g/in” of at least
one 1nlet rare earth metal component selected from
the group consisting of ceria metal components,
lanthanum metal components and neodymium metal
component.

[0068] A useful and preferred outlet layer for Catalyst A
has:

[0069] from about 0.001 g/in> to about 0.03 g/in> of
a thodium component;

[0070] from about 0.001 g/in> to about 0.15 g/in> of
platinum;

[0071] from about 0.15 g/in” to about 1.5 g/in” of an
outlet support;

[0072] from about 0.1 to 2.0 g/in” of an outlet oxygen
storage composition;

[0073] from about 0.025 g/in” to about 0.5 g/in> of at
least one outlet rare earth metal component selected
from the group consisting of lanthanum metal com-
ponents and neodymium metal components; and

[0074] from about 0.025 to about 0.5 g/in” of an
outlet zirconlum component.

0075] Catalyst B

0076] Another preferred catalyst of the invention has the
architecture as described in FIG. 4 wherein the inlet layer
(30) partially overlies and adheres to the outlet layer (34)] is
a catalyst that has enhanced TWC performance with reduced
amounts of platinum group metal components relative to a
conventional bilayer catalyst. The catalyst includes an inlet
layer containing an inlet rhodium component and an outlet
layer containing an outlet platinum component coated on a
monolith substrate. This preferred catalyst 1s designated
“Catalyst B”. In a preferred embodiment of Catalyst B, the
coating length of each of the inlet and outlet layers 1s at least
90% of the axial length of the substrate.

[0077] One of the performance benefits achieved using the
coating architecture of the mvention 1s illustrated with this
catalyst. For example, the pollutant performance of a Rh/Pd
(inlet layer/outlet layer) catalyst coated according to FIG. 4
(Catalyst B) was compared with the performance of a
conventional, bilayer Rh/Pd (top layer/bottom layer) catalyst
on a substrate of i1dentical dimensions. Each catalyst was
coated with the same washcoat compositions. While the
entire axial length of the substrate of the conventional
bilayer catalyst was coated with the washcoat compositions



US 2004/0001731 Al

(i.e., Rh containing top coat, Pd containing bottom coat),
cach of the inlet and outlet layers in the catalyst coated
according to FIG. 4 was coated to a length of only 90% of
the axial length of the substrate.

[0078] When the nitrogen oxides emissions for each of the
catalysts were collected by bag average tailpipe emissions
according to the Federal Test Procedure (CFR40), a com-
parison of the results (FIG. 10) revealed that the nitrogen
oxides emissions for the Rh/Pd catalyst coated according to
FIG. 3 were significantly less than the conventional Rh/Pd
bilayer catalyst. The coating architecture of FIG. 4 (and also
FIG. 3) provides a catalyst that can be oriented in the
exhaust stream 1n two directions. In this example, the choice
of placement of the rhodium containing layer at the inlet
axial end of the substrate resulted in decreased nitrogen
oxides emissions. Thus, the coating architecture illustrated
in FIGS. 3 and 4, provide additional options for orienting
the catalyst in the exhaust stream, that ultimately affect the
pollutant performance of the catalyst. The orientation can be
selected to emphasize a particular performance attribute
required by a particular exhaust system.

[0079] A useful and preferred inlet layer for Catalyst B
has:

[0080] from about 1 g/ft” to about 20 g/ft” of an inlet
rhodium component;

[0081] from about 0.3 g/in” to about 0.5 g/in” of an
inlet alumina support;

[0082] from about 0.1 g/in” to about 0.2 g/in” of an

inlet rare earth metal oxide component (particularly
ceria); and

[0083] from about 0.3 g/in> to about 0.7 g/in” of an
inlet zirconium component;

|0084] A useful and preferred outlet layer for Catalyst B
has:

[0085] from about 40 g/ft® to about 120 g/ft> of an
outlet platinum component;

[0086] from about 0.15 g/in” to about 2.0 g/in> of an
outlet alumina support;

[0087] from about 0.1 g/in> to about 0.3 g/in” of an

outlet rare earth metal oxide component (particularly
ceria);

[0088] from about 0.1 g/in” to about 0.3 g/in” of an
outlet zirconium component;

[0089] from about 0.1 g/in” to about 0.3 g/in” of an
outlet alkaline earth metal component (particularly a
strontium oxide;

[0090] from about 0.1 g/in® to about 0.3 g/in” of an
outlet nickel oxide component;

0091] Catalyst C

0092] Another useful and preferred catalyst article can be
a layered TWC catalyst composite having an inlet layer
formed from an inlet layer composition, and an outlet layer
formed from an outlet layer composition according to the
coating architecture of FIG. 3. This composite contains
palladium 1n both the inlet and outlet layer, and 1n specific
embodiments, can comprise palladium as substantially the
only precious metal. The articles can be prepared using the
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washcoat layer compositions described i U.S. Pat. No.
5,597,771, hereby incorporated by reference. Using the
coating architecture of FI1G. 3 of the instant application, the
inlet and outlet layers could be formed from the first and
second layer compositions disclosed in U.S. Pat. No. 5,597,
/71. This preferred catalyst 1s designated as “Catalyst C”. In
a preferred embodiment of Catalyst C, the coating length of
cach of the inlet and outlet layers 1s at least 90% of the axial
length of the substrate.

[0093] In Catalyst C, the inlet layer comprises an inlet
platinum group metal component, which comprises an inlet
palladium component, which can be the same or different
than that in the outlet layer. The ilet layer provides the
catalyst with higher temperature conversion efficiencies, and
includes an oxygen storage component 1n intimate contact
(vide infra) with the platinum group metal. It 1s preferred to
use an alkaline earth metal component believed to act as a
stabilizer, a rare earth metal selected from lanthanum and
ncodymium metal components which 1s believed to act as a
promoter, and a zirconium component. The outlet layer
comprises an outlet palladium component and optionally, at
least one outlet platinum group metal component other than
palladium. Preferably the outlet layer additionally comprises
an outlet zirconium component, at least one outlet alkaline
carth metal component, and at least one outlet rare earth
metal component selected from the group consisting of
lanthanum metal components and neodymium metal com-
ponents. Preferably, each layer contains a zirconium com-
ponent, at least one of the alkaline earth metal components
and a rare earth component. Most preferably, each layer
includes both at least one alkaline earth metal component
and at least one rare earth metal component. The 1nlet layer
optionally further comprises an outlet oXygen storage com-
position which comprises an outlet oxygen storage compo-
nent. The outlet oxygen storage component and/or the outlet
oxygen storage composition are preferably 1n bulk form and
also 1n intimate contact with the inlet platinum group metal
component.

[10094] In a preferred embodiment of Catalyst C, the inlet
layer can comprise an inlet palladium component and rela-
tively minor amounts of a inlet platinum group metal other
than palladium. The outlet layer can comprise an outlet
palladium component and relatively minor amounts of an
outlet platinum group metal component other than a palla-
dium component. The preferred inlet and outlet platinum
oroup components other than palladium are selected from
platinum, rhodium, and mixtures thereof. The preferred inlet
platinum group metal component other than palladium 1s
platinum and the most preferred outlet platinum group metal
component other than palladium 1s selected from rhodium,
platinum, and mixtures thereof. Typically the inlet layer will
contamn up to 100 percent by weight of palladium as the
platinum group metal. Where an 1nlet platinum group metal
component other than palladium 1s used, 1t 1s used typically
in amounts up to 40 and preferably from 0.1 to 40, more
preferably from 5 to 25 percent by weight based on the total
welght of the inlet palladium component and the platinum
oroup metal components other than palladium 1n the inlet
layer. Where an outlet platinum group metal component
other than palladium 1s used, 1t 1s used typically in amounts
up to 40 and preferably from 0.1 to 40, more preferably from
5 to 25 percent by weight based on the total weight of the
outlet palladium component and the platinum group metal
components other than palladium 1n the outlet layer.




US 2004/0001731 Al

[0095] Catalyst C preferably comprises a palladium com-
ponent present in each of the inlet and outlet layers, 1n an
amount sufficient to provide compositions having signifi-
cantly enhanced catalytic activity due to the palladium
component. In a preferred embodiment the inlet palladium
component 1s the only platinum group metal component 1n
the inlet layer, and the outlet palladium component is the
only platinum group metal component 1n the outlet layer.
Optionally, either or both of the mlet and outlet layers can
further respectively comprise a second inlet and outlet
platinum group metal component including, for instance,
platinum, ruthenium, iridium and rhodium, and mixtures or
alloys of such metals, ¢.g., platinum-rhodium.

[0096] The inlet layer composition and outlet layer com-
position comprise an inlet support and an outlet support,
respectively, which can be the same or different components.
The support 1s made of a high surface area refractory oxide
support as recited above. The inlet layer and outlet layer
compositions preferably comprise a support such as alu-
mina, catalytic agents, stabilizers, reaction promoters and, it
present, other modifiers and excludes the carrier or substrate.
For typical automotive exhaust gas catalytic converters, the
catalyst composite which includes a monolithic substrate
ogenerally may comprise from about 0.50 to about 6.0,
preferably about 1.0 to about 5.0 g/in> of catalytic compo-
sition coating.

[0097] The catalyst preferably contains an inlet oxygen
storage component, as recited above, in the inlet or bottom
layer which 1s 1n mnfimate contact with a palladium compo-
nent. The oxygen storage component 1s any such material
known 1n the art and preferably 1s at least one oxide of a
metal selected from the group consisting of rare earth metals
and most preferably a cerrum or praseodymium compound
with the most preferred oxygen storage component being,
cerium oxide (ceria). The oxygen storage component can be
present 1n at least 5 wt. % and preferably 1n at least 10 wt.
%, and more preferably at least 15 wt. % of the inlet layer
composition. In the composition of the inlet or bottom layer,
the oxygen storage component can be included by dispersing
methods known in the art such as by impregnating the
oxygen storage component onto the palladium containing
support 1n the form of an aqueous solution, drying and
calcining the resulted mixture 1n air.

[0098] In the inlet layer, and in the outlet layer there is
optionally an inlet bulk oxygen storage composition com-
prising an oxygen storage component which i1s preferably
ceria, and/or praseodymia in bulk form as recited. It 1s
optional that each layer contain a particular composite of
zirconia and at least one rare earth oxide containing ceria, as
recited above in the description of Catalyst A.

[0099] Both the inlet layer composition and outlet layer
composition comprise a component which 1mpart stabiliza-
tion, preferably a inlet stabilizer 1n the inlet layer and outlet
stabilizer 1n the outlet layer. The stabilizer i1s selected from
the group consisting of alkaline earth metal compounds.
Preferred compounds include compounds dertved from met-
als selected from the group consisting of magnesium,
barium, calcium and strontium. The alkaline earth metal
components are preferably alkaline earth metal oxide. In a
particularly preferred composition, 1t 1s desirable to use
bartum and strontium as the compound 1n the 1nlet and/or the
outlet layer composition. The alkaline earth metal can be
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applied 1n a soluble form which upon calcining becomes the
oxide. It 1s preferred that the soluble baritum be provided as
bartum nitrate, barium acetate or bartum hydroxide and the
soluble strontium provided as strontium nitrate or strontium
acetate, all of which upon calcining become the oxides.

[0100] In each of the inlet layer and outlet layer compo-
sitions, the amount of metal oxide thermal stabilizer com-
bined with the alumina may be from about 0.05 to 30 weight
percent, preferably from about 0.1 to 25 weight percent,
based on the total weight of the combined alumina, stabilizer
and catalytic metal component.

[0101] Additionally, both the inlet layer composition and
the outlet layer composition contain a compound derived
from zirconium, preferably zirconium oxide. The zirconium
compound can be provided as a water soluble compound
such as zirconium acetate or as a relatively isoluble com-
pound such as zirconium hydroxide. There should be an

amount sufficient to enhance the stabilization and promotion
of the respective compositions.

[0102] Both the inlet layer composition and the outlet
layer composition contain at least one 1nlet promoter
selected from the group consisting of lanthanum metal
components and neodymium metal components with the
preferred components being lanthanum oxide (lanthana) and
neodymium oxide (neodymia). In a particularly preferred
composition, there 1s lanthana and optionally a minor
amount of neodymia m the inlet layer, and neodymia or
optionally lanthana in the outlet layer. While these com-
pounds are known to act as stabilizers for the alumina
support, their primary purpose 1n the composition of the
present mvention 1s to act as reaction promoters for the
respective inlet and outlet layer compositions.

[0103] The inlet layer composition and/or the outlet layer
composition of the present invention can contain other
conventional additives such as sulfide suppressants, ¢.g.,
nickel or irron components. If nickel oxide 1s used, an amount
from about 1 to 25% by weight of the inlet coat can be
cifective.

10104] A particularly useful embodiment of Catalyst C
comprises in the inlet layer from about 0.003 to 0.3 g/in” of
the inlet palladium component; from about 0 to 0.065 g/in”
of the inlet platinum group metal component other than
palladium; from about 0.15 to about 2.0 g/in> of the inlet
support, i.e., alumina; at least about 0.05 g/in” of the total
inlet oxygen storage component 1n intimate contact with the
palladium component; from about 0.025 to about 0.5 g/in” of
at least one inlet alkaline earth metal components; from
about 0.025 to about 0.5 g/in” of the inlet zirconium com-
ponent; from about 0.025 to about 0.5 g/in” of at least one
inlet rare earth metal component selected from the group
consisting of lanthanum metal components and neodymium
metal components; and comprises 1n the outlet layer from
about 0.003 to 0.3 g/in” of the outlet palladium component
and from about 0 to 0.065 g/in° of an outlet rhodium
component or an outlet platinum component or mixture
thereof, from about 0.15 g/in” to about 2.0 g/in° of the outlet
support, 1.e., alumina; and from about 0.025 to about 0.5
o/in of the outlet zirconium component. The 1nlet and/or
outlet layers can further comprise from about 0.025 g/in” to
about 0.5 g/in” of a nickel component. The inlet and/or outlet
layers further can include the particulate composite of
zirconia and ceria in amounts from 0.0 to 2.0 g/in® com-
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prising 60 to 90 wt. % zirconia, 10 to 30 wt. % ceria and
from 0 to 10 wt % rare earth oxides comprising lanthana,
neodymia and mixtures thereof.

10105] A useful and preferred inlet layer of Catalyst C has:

[0106] from about 0.003 to about 0.6 g/in> of at least
one palladium component;

[0107] from O to about 0.065 g/in” of at least one inlet
platinum and/or inlet rhodium component;

[0108] from about 0.15 to about 2.0 g/in” of an inlet
support;

[0109] from about 0.05 to about 2.0 g/in” of the total

of the inlet oxygen storage components 1n the inlet
layer;

[0110] from 0.0 and preferably about 0.025 to about

0.5 g/in” of at least one inlet alkaline earth metal
component;

[0111] from 0.0 and preferably about 0.025 to about
0.5 g/in” of an inlet zirconium component; and

[0112] from 0.0 and preferably about 0.025 to about
0.5 g/in” of at least one inlet rare earth metal com-
ponent selected from the group consisting of ceria
metal components, lanthanum metal components
and neodymium metal component.

[0113] A useful and preferred outlet layer of Catalyst C
has:

[0114] from about 0.003 g/in” to about 0.6 g/in” of at
least one outlet palladium component;

[0115] from 0.0 g/in” to about 0.065 g/in> of at least
one 1nlet platinum and/or rhodium component;

[0116] from about 0.15 g/in> to about 2.0 g/in” of an
outlet support;

[0117] from 0.0 and preferably about 0.025 g/in” to

about 0.5 g/in” of at least one outlet rare earth metal
component selected from the group consisting of
lanthanum metal components and neodymium metal
components;

[0118] from 0.0 and preferably about 0.25 g/in° to

about 0.5 g/in> of at least one outlet alkaline earth
metal component; and

[0119] from 0.0 and preferably about 0.025 to about
0.5 g/in” of an outlet zirconium component. How-
ever, the mlet layer requires an alkaline earth metal
component and/or a rare earth component, and the
outlet layer requires an alkaline earth metal compo-
nent and/or a rare earth metal component.

[0120] The inlet and/or outlet layers can have from 0.0 to
about 2.0 g/in” of an oxygen storage composite comprising
a particulate form of ceria-zirconia composite.

[0121] Multi-Zone Catalyst with Second Inlet/Outlet
Layer

10122] The multi-zone coating architectures depicted in
FIGS. 5 and 6 illustrate other options for the efficient
utilization of the platinum group metal according to another
embodiment of the mvention. In this embodiment there 1s
provided a three-layered multi-zoned catalyst formed on a
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monolith substrate carrier. The catalysts of this embodiment
include first inlet (32) and first outlet (36) layers having a
coating architecture similar to the inlet and outlet layers in
FIG. 3. In addition, a short segment of a second layer (38)
1s also deposited on the catalysts. In one coating architecture
depicted 1n FIG. 5, the second layer 1s a second inlet layer
(38A) that overlies at least part of the first inlet layer (32),
beginning at the inlet axial end (14) and extending for a
length of up to 50% of the wall elements’ length. In another
architecture depicted in FIG. 6, the second layer 1s a second
outlet layer (38B), that overlies at least part of the first outlet
layer (36), beginning at the outlet axial end (14') and
extending for a length of up to 95% of the wall elements’
length.

[0123] This embodiment provides another option for
improved placement of the platinum group metal compo-
nents along the length of the monolith substrate. The first
inlet and outlet layers 1n this embodiment have a reduced
coating length as compared to a conventional bilayer cata-
lyst. For catalysts prepared on substrates of the same dimen-
sions with identical washcoat compositions, there 1s a sav-
ings 1 platinum group metal usage associated with a
catalyst coated with the first inlet and outlet layers as
compared to the conventional bilayer catalyst due to the
reduced coating lengths of the first inlet and outlet layers. In
this embodiment, the conserved platinum group metal can
be deposited 1n a short segment of washcoat composition,
comprising the second layer (38), at either the inlet or outlet
end of the substrate.

[0124] In this embodiment, the first inlet layer can be
formed from a washcoat that contains catalytic agents such
as platinum group metal components supported on refrac-
tory oxide supports to provide a catalyst layer. Alternatively,
the first inlet layer, formed from pollutant absorbent mate-
rial, can function as a trap layer. The trap material can be, for
example, an absorbent that specifically absorbs nitrogen
oxides, hydrocarbon, or sulfur-containing pollutants. A num-
ber of known suitable hydrocarbon traps can be used, for
example, such as the zeolite trap materials disclosed 1n U.S.
Pat. No. 6,074,973, hereby incorporated by reference.
Known absorbents for nitrogen oxides include alkaline earth
metal oxides. Known sulfur trapping material include base
metal oxides such as bulk nickel oxide.

[0125] The second layer (38) is a layer consisting essen-
tially of a high concentration of platinum group metal
components and a refractory oxide support. Preferably, there
is at least 20 g/ft> of platinum group metal deposited in the
zone defined by the second inlet or outlet layer. In some
embodiments higher platinum group metal loadings are
preferred. The second layer 1s preferably thin, and 1s formed
from a washcoat composition of low viscosity. The refrac-
tory oxide support 1n the second layer 1s present 1n an
amount of about 0.05 to about 0.5 g/in>, preferably in an
amount from 0.1 to about 0.35 g/in>, more preferably in an
amount from 0.15 g/in” to about 0.25 g/in”. The combination
of a thin catalyst washcoat with a high platinum group metal
concentration can result in a zone that contributes to
enhanced combustion of a particular component of the
exhaust.

[0126] Catalyst D

[0127] A preferred catalyst having the coating architecture
of FIG. §, i1llustrates the desirability of including a second
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inlet layer (38A) at the inlet end of the substrate to provide
a catalyst with a zone (20) with enhanced low temperature
hydrocarbon combustion activity (designated herein as
“Catalyst D”). The second inlet layer is formed from a low
viscosity catalyst washcoat containing palladium or a com-
bination of palladium/platinum components. Each of the
first inlet and first outlet layers of this preferred catalyst can
be prepared from the inlet and outlet layer compositions,
respectively, described above for the Catalyst A. As such, the
first 1nlet layer contains a first 1let palladium component
and optionally a first inlet platinum component, and the first
outlet layer contains a first outlet platinum component and a
first outlet rhodium component.

[0128] In one preferred embodiment of Catalyst D, the
first inlet and first outlet layers each extend to a length of at
least 60% of the substrate’s axial length. The second inlet
layer has a length of less than 50% of the substrate’s axial
length. More preferably, the length of the second inlet layer
1s about 30-40% of substrate’s axial length.

[0129] The second inlet layer is formed from a second
inlet washcoat composition containing a second inlet sup-
port, €.g., alumina, and a second 1nlet palladium component
and optionally a second inlet platinum component.

10130] In Catalyst D, a useful and preferred first inlet layer
has (recited as grams per coated substrate volume):

[0131] from about 0.0175 to about 0.3 g/in” of pal-
ladium component;

[0132] from about 0 to about 0.065 g/in” of a first
inlet platinum component;

[0133] from about 0.15 to about 2.0 g/in° of a first
inlet support;

[0134] from about 0.025 to about 0.5 g/in> of at least
one first inlet alkaline earth metal component;

[0135] from about 0.025 to about 0.5 g/in> of a first
inlet zirconium component; and

[0136] from about 0.025 to about 0.5 g/in> of at least

one first rare earth metal component selected from
the group consisting of ceria metal components,
lanthanum metal components and neodymium metal
component.

[0137] In Catalyst D, a useful and preferred first outlet
layer has:

[0138] from about 0.001 g/in> to about 0.03 g/in> of
a first outlet rhodium component;

[0139] from about 0.001 g/in> to about 0.15 g/in> of
first outlet platinum component;

[0140] from about 0.15 g/in> to about 1.5 g/in” of first
outlet support;

[0141] from about 0.1 to 2.0 g/in® of a first outlet
oxygen storage composition;

[0142] from about 0.025 g/in” to about 0.5 g/in” of at

least first outlet rare earth metal component selected
from the group consisting of lanthanum metal com-
ponents and neodymium metal components; and

[0143] from about 0.025 to about 0.5 g/in> of a first
outlet zirconium component.
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[0144] In Catalyst D, a useful and preferred second inlet
layer has:

[0145] from about 50 to about 350 g/ft® of second
inlet palladium component; and

[0146] from about 0.1 to about 1.5 g/in> of a second
inlet support.

[0147] Using an alternative coating architecture as
depicted 1n FIG. 6, the placement of the second layer at the
outlet end can provide the catalyst with a downstream zone
(22) that provides enhanced combustion of a particular
component of the exhaust, e¢.g., hydrocarbons or nitrogen
oxides. The second outlet layer 1s formed from a low
viscosity washcoat containing a high concentration of plati-
num group metal components as compared to the first inlet
and outlet layers. As a result of the coating architecture,
higher quantities of platinum group metal components are
provided 1n the downstream and intermediate zones as
compared to a conventional bilayer catalyst, with compara-
bly less platinum group metal in the upstream zone (20). The
upstream zone (20) of FIG. 6 architecture can be viewed as
a “sacrificial zone” where phosphorus and lead deposits
form which would otherwise coat costly platinum group
metal catalytic agents and render them less catalytically
cifective. Phosphorus and zinc deposits 1n the engine
exhaust result from engine o1l that contain phosphorus and
zinc-containing lubricants that leak past piston rings. The o1l
bums and can be deposited on the catalyst surface. This
environment can occur 1n exhaust systems of motor vehicles
that consume significant quantities of motor oil, typically
older vehicles. Likewise, lead contaminants derived from
residual lead 1n fuel can also coat catalyst surfaces and
poison the catalytic agents.

|0148] For example, to prepare a catalyst with a down-
stream zone (22) that provides enhanced oxidation of hydro-
carbons, the second inlet zone 1s prepared with a washcoat
composition containing palladium or a combination of plati-
num and palladium components. The total concentration of
platinum group metal in the second outlet layer preferably 1s
at least 80 g/ft>. In some embodiments, an undercoat (40)
comprising a layer of hydrocarbon trapping material 1is
deposited below the first inlet and outlet layers on the
channel walls of the substrate according to the coating
architecture of FIG. 7. In this configuration, the undercoat
of hydrocarbon trapping material can trap the hydrocarbons
during periods when the exhaust is cool (e.g., during engine
startup). As the exhaust temperature rises, the trapped hydro-
carbons can be released and oxidized in the downstream
zone. The downstream zone can be viewed as a “burn-off
zone” for the enhanced combustion of hydrocarbons. The
inclusion of the hydrocarbon trap in the catalyst has the
cifect of widening the temperature window for the effective
combustion of the hydrocarbons.

[0149] The hydrocarbon trapping layer can be formed
from a washcoat containing trapping materials as described
in U.S. Pat. No. 6,074,973 (“the ’973 patent”), hereby
incorporated by reference. Briefly, the trap material dis-
closed 1n the 973 patent 1s composed of palladium and
silver dispersed on a high surface areca metal oxide support
and a zeolite material such as one or more of ZSM-5, Beta,
Y and other suitable zeolites. The trap material 1s efficiently
made by combining 1n a single vessel the zeolite, the metal
oxide support, and aqueous solutions of a palladium com-
pound and a silver compound.
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[0150] In other embodiments of the catalyst having the
coating architecture according to FIG. 6, the second outlet
zone 1s prepared with a washcoat composition containing a
combination of platinum and rhodium components. This
configuration provides the catalyst with a downstream zone
(22) effective for the enhanced reduction of nitrogen oxides
(NOx). The total concentration of platinum group metal in
the second outlet layer preferably is at least 20 g/ft”. Similar
to the embodiment described above, an undercoat (40)
comprising a layer of nitrogen oxide trapping material 1s
optionally disposed on the channel walls of the substrate,
below the first inlet and outlet layers as depicted 1n the
coating architecture of FIG. 7.

[0151] The undercoat can be formed from nitrogen oxides
absorbent materials such as those disclosed 1n U.S. Pat. No.
6,105,365 (“the ’365 patent™), hereby incorporated by ref-
erence. This reference discloses use of suitable NOx adsorp-
tion materials that include but are not limited to metal
oxides, metal carbonates, metal hydroxides, and mixed
metal oxides.

[0152] Suitable metals for the oxides, carbonates, and
hydroxides include but are not limited to Group IA and
Group IIA metals. Preferred of these metals are lithium,
sodium, potassium, cesium, magnesium, calcium, strontium,
and barium; most preferred are lithium, bartum, and stron-
fium. Other preferred metals are lanthanum and manganese.

[0153] Examples of useful metal oxides are strontium
oxide (SrO), bartum oxide (BaO), calcium oxide (CaO),
cesium oxide (Cs,0), lithium oxide (L10), lanthanum oxide
(La,0.,), potassium oxide (K,0O), magnesium oxide (MgO),
manganese oxide (MnQO,), and sodium oxide (Na,O). Pre-
ferred are MnQO,, BaO and SrO.

[0154] Examples of useful mixed oxides are BaTiOj,
BaZrO;, LaZrO,, MnO, LaMnO_, (where x' is an integer
from 2 to 4) and perovskite and spinal type mixed oxides.
Also useful are mixed oxides containing La,O,, CeO, with
metal oxides such as TiO,, ZrO,, MnO,, BaO, and SrO.
Preferred mixed oxides are those containing ZrO.,, MnO.,,
BaO, and SrO.

[0155] Using configuration such as that exemplified in
FIG. 7, the nitrogen oxides can be trapped during periods
when the exhaust gas composition 1s lean of stoichiometric,
and then released when the exhaust gas composition
becomes rich. The released nitrogen oxides can then be
treated in the downstream zone (22) where the exhaust gas
1s contacted with higher concentration of platinum group
metals effective for the treatment of nitrogen oxides. The
inclusion of the nitrogen oxides trapping undercoat in com-
bination with the downstream zone effectively minimizes
the nitrogen oxides emissions.

[0156] Preparation of Washcoat Compositions and Coat-
ing of Substrates

[0157] Preferred catalyst washcoat compositions contain
platinum group metal components as catalytic agents and a
support of a refractory metal oxide such as activated alu-
mina. Some catalyst washcoat compositions contain oxygen
storage components and zirconia components. In addition,
cach catalytic composition can optionally contain an alka-
line earth metal as a stabilizer, an 1ron or nickel component
as a sulfide suppressing agent, and a rare ecarth metal

Jan. 1, 2004

component selected from the group consisting of lanthanum
or neodymium components as a promoter.

|0158] As will be apparent to those of ordinary skill in the
art, the platinum group metal components, acting as catalytic
agents, can exist 1n the catalyst 1n multiple oxidation states
while 1n use. By way of example, a palladium component
can exist as palladium metal, Pd (II), and Pd(IV) in the
catalyst. In a preferred method of preparing the catalyst, a
platinum group metal component such as a suitable com-
pound and/or complex of the platinum group metals can be
utilized to achieve dispersion of the catalytic component on
a support, €.g., activated alumina support particles. As used
herein, the term “platinum group metal component” means
any platinum group metal compound, complex, or the like
which, upon calcination or use of the catalyst 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 platinum group
metals can be utilized as long as the liquid used to impreg-
nate or deposit the catalytic metal compounds onto support
particles does not adversely react with the catalytic metal or
its compound or complex or the other components of the
catalyst composition and 1s capable of being removed from
the catalyst by volatilization or decomposition upon heating
and/or the application of vacuum. In some cases, the
completion of removal of the liquid may not take place until
the catalyst 1s 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 of the
platinum group metals are preferred. For example, suitable
compounds are chloroplatinic acid, amine solubilized plati-
num hydroxide, palladium nitrate or palladium chloride,
rhodium chloride, rhodium nitrate, hexamine rhodium chlo-
ride, and the like. During the calcination step, or at least
during the initial phase of use of the catalyst, such com-
pounds are converted 1nto a catalytically active form of the
platinum group metal or a compound thereof.

[0159] Useful catalytic supports can be made of high
surface area refractory oxide supports. Useful high surface
arca supports include one or more refractory oxides selected
from alumina, titania, silica and zirconia. These oxides
include, for example, silica and metal oxides such as alu-
mina, including mixed oxide forms such as silica-alumina,
aluminosilicates which may be amorphous or crystalline,
alumina-zirconia, alumina-chromia, alumina-ceria and the
like. The support 1s substantially comprised of alumina
which preferably includes the members of the gamma or
activated alumina family, such as gamma and eta aluminas,
and, 1f present, a minor amount of other refractory oxide,
¢.g., about up to 20 weight percent. Preferably, the activated
alumina has a specific surface area of 60 to 300 m>/g.

[0160] Preferred oxygen storage components in the cata-
lytic composition have oxygen storage and release capabili-
ties. The oxygen storage component 1s any such material
known 1n the art, preferably at least one oxide of a metal
selected from the group consisting of rare earth metals, and
most preferably a certum or praseodymium compound.
Cerium oxide and praseodymium oxide are preferred oxy-
gen storage components with cerium oxide (ceria) being
most preferred.

[0161] The oxygen storage component can be included in
the catalyst washcoats by dispersing methods known 1n the
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art. One method includes impregnation onto the composition
by impregnating the oxygen storage component onto the
support such as a platinum group metal containing support
in the form of an aqueous solution, drying and calcining the
resulting mixture 1n air to give a catalyst layer which that
contains an oxide of the oxygen storage component in
intimate contact with the catalytic agent. Examples of water
soluble or dispersible, decomposable oxygen storage com-
ponents that can be used include, but are not limited to water
soluble salts and/or colloidal dispersions of cerium acetate,
prascodymium acetate, certum nitrate, prascodymium
nitrate, etc. U.S. Pat. No. 4,189,404 discloses the impreg-
nation of alumina-based support composition with cerium
nitrate.

[0162] In another method, the oxygen storage component
in the catalyst washcoat composition can be a bulk oxygen
storage composition comprising an oxygen storage compo-
nent which 1s preferably ceria, and/or prasecodymia 1n bulk
form. Ceria 1s most preferred. A preferred bulk oxygen
storage component 1ncludes a co-precipitated ceria-zirconia
composite.

[0163] Additionally, the catalyst washcoat composition
can contain a compound derived from zirconium, preferably
zirconium oxide. The zircontum compound can be provided
as a water soluble compound such as zirconium acetate or as
a relatively 1nsoluble compound such as zirconium hydrox-
ide, both of which upon calcining are converted to the oxide.
There should be an amount sufficient to enhance the stabi-
lization and promotion of the catalyst washcoat composi-
fions.

[0164] Stabilizers can be included in the catalyst washcoat
compositions. Stabilizers can be selected from at least one
alkaline earth metal component derived from a metal
selected from the group consisting of magnesium, barium,
calcium and strontium, preferably strontium and barium.
The alkaline earth metal can be applied 1n a soluble form
(i.., as a water-soluble salt) which upon calcining becomes
the oxide.

[0165] The catalyst washcoat compositions optionally
contain at least one promoter selected from the group
consisting of lanthanum metal components and neodymium
metal components with the preferred components being
lanthanum oxide (lanthana) and neodymium oxide
(neodymia).

[0166] The lanthanum and/or neodymium components are
preferably formed from precursors, such as soluble salts
including acetates, halides, nitrates, sulfates and the like.
The solution of the soluble promoters are preferably used to
impregnate the solid components for their conversion to
oxides after calcination. Preferably the promoter is 1n 1nti-
mate contact with other components in the composition
including and 1n particular, the platinum group metal com-
ponent.

[0167] The catalyst layer compositions of the present
invention can contain other conventional additives such as
sulfide suppressants, €.g., nickel or iron components. Nickel
oxide 1s a preferred sulfide suppressant and 1f used 1s present
in an amount from about 1 to 25% by weight of the base
metal undercoat.

[0168] The catalyst washcoats of the present invention can
be made by any suitable method. One preferred method
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includes preparing a mixture of at least one water-soluble or
dispersible, platinum group metal component and a finely-
divided, high surface area, refractory oxide which is sufli-
ciently dry to absorb essentially all of the solution to form
a supported platinum group metal component. If more than
one platinum group metal component i1s used 1n the catalyst
washcoat composition, the additional platinum group metal
component(s), can be supported on the same or different
refractory oxide particles as the first platinum group metal
component.

[0169] The supported platinum group metal component or
plurality of such supported platinum group metal compo-
nents are then added to water along with other additives, and
comminuted by a ball mill or other suitable equipment to
form a slurry. Preferably, the slurry 1s acidic, having a pH of
less than 7 and preferably from 3 to 7. The pH 1s preferably
lowered by the addition of an acid, preferably acetic acid to
the slurry. In preferred embodiments, the catalyst washcoat
slurry 1s comminuted to result 1in substantially all of the
solids having particle sizes of less than 10 or 15 micrometers
in average diameter. At this point stabilizing components
such as barium and strontium acetate, and promoting com-
ponents 1ncluding lanthanum acetate can be added and the
composition 1s milled further. The catalyst washcoat slurry
can be formed 1nto a catalyst layer on a suitable carrier. The
platinum group components and as well additives provided
in soluble form, ¢.g., 0Xygen storage components, zirconium
components and promoters, 1n the catalyst layer are con-
verted to a water insoluble form chemically or by calcining.
The catalyst layers are preferably calcined, preferably at
temperatures of at least 250° C.

[0170] Alternatively, each layer can also be prepared by
the method disclosed in U.S. Pat. No. 4,134,860 (hereby
incorporated by reference) generally recited as follows.

[0171] A finely-divided, high surface area, refractory
oxide support 1s contacted with a solution of a water-soluble,
platinum group metal component to provide a mixture which
1s essentially devoid of free or unabsorbed liquid. The
platinum group metal component of the solid, finely-divided
mixture can be converted at this point in the process into an
essentially water-insoluble form while the mixture remains
essentially free of unabsorbed liquid. This process can be
accomplished by employing a refractory oxide support, ¢.g.,
alumina, including stabilized aluminas, which 1s sufficiently
dry to absorb essentially all of the solution containing the
platinum group metal component, 1.€., the amounts of the
solution and the support, as well as the moisture content of
the latter, are such that their mixture has an essential absence
of free or unabsorbed solution when the addition of the
platinum group metal component 1s complete. During the
latter conversion or fixing of the catalytically-promoting
metal component on the support, the composite remains
essentially dry, 1.e., 1t has substantially no separate or free
liquid phase.

[0172] The substrate (carrier) used in the invention 1is
preferably a monolithic carrier of the type having a plurality

of fine, parallel gas flow passages extending therethrough
from an i1nlet or an outlet face of the carrier, so that the
passages are open to fluid flow therethrough (also known as
honeycomb carriers). The passages, which are essentially
straight from their fluid inlet to their fluid outlet, are defined
by walls. The tflow passages of the monolithic carrier are
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thin-walled channels which can be of any suitable cross-
sectional shape and size, such as trapezoidal, rectangular,
square, sinusoidal, hexagonal, oval or circular. Such struc-
tures can contain from about 60 to about 900 or more gas
inlet openings (“cells”) per square inch of cross section.
Carriers can be of the ceramic type or of the metallic type.

[0173] Ceramic substrates (carriers) can be made of any
suitable refractory material, for example, cordierite, cordi-
erite-alpha alumina, silicon nitride, zircon mullite, spo-
dumene, alumina-silica magnesia, zircon silicate, silliman-
ite, magnesium silicates, zircon, petalite, alpha alumina and
aluminosilicates. Metallic carriers can be made of a refrac-
tory metal such as a stainless steel or other suitable 1ron
based corrosion resistant alloys.

|0174] 'The three zone bilayer catalysts having the coating
architecture according to FIGS. 3 and 4 are advantageously
prepared 1n an efficient procedure that reduces manufactur-
ing time and costs. In the process, a carrier, preferably a
monolith carrier, 1s prepared using two coating steps and one
calcination step. The omission of a separate calcination step,
as 1s typically needed 1n the preparation of conventional
multi-layer catalysts, between the coating of the inlet and
outlet layers results in a more efficient procedure. The
process 1s preferably carried out using a metered charge
coating device as described in U.S. Pat. No. 4,609,563;

hereby incorporated by reference.

0175] FIG. 8 1s a schematic flow chart illustrating the
various steps A through E 1n an embodiment of the present
invention. Common elements in FIG. 8 and various other
Figures have the same reference characters. The method of
the present invention 1s useful for a continuous production.

0176] In Step A (FIG. 8A), honeycombs (10) are con-

tinuously fed into an apparatus for coating. The honeycomb
is retained by a suitable retaining means such as clamp (60).
The honeycomb (10) may be weighed before coating. The
honeycomb proceeds from Step A to Step B (FIG. 8B). In
Step B honeycomb (10) is immersed in a vessel such a dip
pan (62) having a region in the form of a reservoir (64)
containing a coating media (66) (washcoat composition). A
suitable means 1s used to apply a vacuum to the top or outlet
axial end (14') of honeycomb (10). Preferably, hood (68) is
sealingly applied to the top or outlet axial end (14') of
honeycomb (10) and a vacuum is applied by a suitable
vacuum means, such as a vacuum pump (not shown) through
conduit 69 to the top end 14' of the honeycomb 10 to create
a pressure drop and thereby draw the coating media 66 from
the reservoir 64 1nto the bottom or inlet axial end 14 of the
honeycomb 10 so as to coat the channels 16 at least over a
portion of their length. This coating 1s conducted 1n the
manner disclosed in U.S. Pat. No. 5,953,832, hereby incor-
porated by reference. To apply the coating for only part of
the channel length, there is a limited amount of fluid (coating
media) in the reservoir. When the fluid is all removed it coats
a predetermined length and air 1s sucked into the channel.
The front edge of the fluid which had filled the channels
breaks and there 1s an open path from the inlet to the outlet.
The composition forms a coating length on the wall up to the
predetermined length. In Step B, the vacuum applied can be
from 5 to 15 and typically 5 to 10 inches of water. The
coating step takes place from 1 to 10 seconds and preferably
2 to 4 seconds.

10177] The coating applied in Step B is then dried in
accordance with Step C (FIG. 8C). A useful description of
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the drying step 1s described in the referenced U.S. Pat. No.
5,953,832, Step C 15 an operative engagement of the vacuum
apparatus for pulling vapors through the substrate and a
blowing device for forcing gas (e.g., heated air) through the
substrate 1 order to dry the coating. The honeycomb 10
continues to be retained by a suitable retaining means such
as clamp 60 during the drying operation. A suitable means
1s used to apply a vacuum to the top or outlet axial end 14
of honeycomb 10. Preferably, hood 68 can continue to be
applied or a new hood 70 1s sealingly applied to the top or

outlet axial end 14' of honeycomb 10 and a vacuum 1is
applied by a suitable vacuum means, such as a vacuum
pump (not shown) through conduit 72 to the top end or outlet
axial end 14' of the honeycomb 10. There 1s a means for
forcing or pushing a gas (e.g., hot air) into the channels 16
of the honeycomb. The apparatus includes a hood 76 which
has means to be sealingly applied to the bottom or inlet axial

end 14 of honeycomb 10.

[0178] In the operation of Step C, a vacuum is generated
by a suitable vacuum generating device to draw gas from the
top or outlet axial end 14' through conduit 72. A blower (not
shown) or suitable device is activated to force a hot gas into
conduit 78 and into the bottom or inlet axial end 14 of
honeycomb 10. Accordingly, vapors are drawn from the
honeycomb 10 outlet 14' through hood 70 and out conduit
72, while hot air 1s forced upwardly through conduit 78 into
the hood 76 and up into the bottom or inlet axial end 14 of
honeycomb 10. As a consequence, vapors within the chan-
nels 16 of the honeycomb 10 are drawn out of the channels
and hot gas 1s forced through the channels of honeycomb to
dry the coating.

[0179] The intensity of the vacuum imposed during the
drying step can vary depending upon the cross-sectional
arcas of the channels 16, the composition and thickness of
the coating media applied to each channel. Generally, the
intensity of the vacuum will be 1n the range of from about
5 to about 15 inches of water. A device for 1mposing a
vacuum can be, for example, a Paxton Blower. The hot
blowing gas system can be 1n the form of jet air kerosene
heater having a heating capacity of, for example, about
50,000 BTU. In operation, once the substrate 1s removed
from the reservoir of the coating media in Step B, the
vacuum draws the vaporized constituents from the channels
at a vacuum of from about 5 to 15 inches of water, for
typically from 2 to 40 seconds, preferably 2 to 10 seconds,
and most preferably 2 to 6 seconds. The vacuum 1s main-
tained until the vapors are dissipated. During or after impo-
sition of the vacuum, the hot gas generating system can
generate a hot gas (e.g., hot air) at a suitable temperature
(e.g., from about 75° to 400° C., most typically from 75° to
200° C.) and at a suitable flow rate to hasten drying of the
layer.

[0180] The coated and dried honeycomb from Step C next
goes to Step D (FIG. 8D) where air at ambient temperature
1s applied from 2 to 20 seconds and preferably 5 to 20
seconds and preferably about 8 seconds in order to cool the
coating as quickly as possible. This completes a coating step
for a layer in the present invention. The ambient air is
typically at a temperature range of from 5° to 40° C. Other
gases, preferably 1nert gases, can be used aside from air for
the cooling step. Preferably, there 1s a hood such as hood 70
at the outlet 14"
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[0181] An outlet layer coating can be provided by rotating
the honeycomb 10 in Step E (FIG. 8E) so that the outlet
axial end 14' becomes the bottom end and the 1nlet axial end
14 becomes the top end to put coating through the outlet
side. The process can be repeated to create the coating
architectures of FIGS. 3 and 4 on the coated honeycomb.

|0182] Preferably the substrate is calcined after the
completion of the coating and drying of both the inlet and

outlet layers on the substrate. The calcining can be con-
ducted at from 250° C. to 900° C. at from 0.1 to 10 hours and
preferably from 450° C. to 750° C. at from 0.5 to 2 hours.

|0183] 'To prepare a substrate having either a second inlet
or outlet layer according to the coating architecture depicted
in FIGS. 5-7, additional processing steps are conducted. The
coated and calcined substrate from above 1s coated with a
volume of a low viscosity washcoat slurry containing a high
concentration of precious metal component and a support,
¢.g., activated alumina, to form a either a thin second inlet
or outlet layer. The low viscosity slurry is preferably depos-
ited by drawing the slurry through the substrate channels by
capillary action. Here again, the volume of the coating slurry
can be used to control the coating length of the first and
second 1nlet layers. Preferably, the coating length of the
second inlet or outlet layer 1s less than 50% of the axial
length of the substrate, more preferably about 30-40% of the
axial length. After coating with the second inlet or outlet
layers, the substrate can be dried and calcined.

[0184] The low viscosity washcoat slurry can be prepared
by impregnating alumina with an aqueous solution of a
palladium salt, e.g., palladium nitrate. The i1mpregnated
alumina particles are then milled with a suitable binder to
until substantially all of the solids have particle sizes of less
than 10 micrometers 1n average diameter. The resulting

washcoat slurry to be applied has a solids content of about
40%.

[0185] The following examples further illustrate the
present invention, but of course, should not be construed as
In any way limiting its scope.

EXAMPLE 1

Preparation of a Three Zone Bilayer Catalyst
Having an Inlet and Outlet Layers Containing,

Palladium (exemplifies the preparation of Catalyst
©)

0186] A. Inlet Layer

0187] A washcoat composition was prepared similarly to
the preparation of the first coat in Example 1 of U.S. Pat. No.
5,597,771 to form a washcoat layering slurry containing
about 40 percent by weight of solids. One axial end of a
monolith substrate (3.15x4.75x2.98 in, oval) of cordierite
containing about 400 flow passages per square 1nch of cross
section was dipped into the washcoat slurry at a depth
sufficient to coat 90% of the axial length of the substrate.
The excess was blown off the monolith by compressed air.
The resultant coated monolith after being calcined at 450° C.
contained 38 g/ft> palladium 0.53 g/in alumina, 0.15 g/in’
of cordierite, 0.26 g/in” of cerla-zirconia composite, 0.62
g/m CeO,, 0.09 g/in”° La, 0, 0.06 g/in> Nd,O,, 0.20 g/in”
Zr0,, 0.09 g/in” BaO, and 0.09 g/in®> NiO (washcoat com-
ponent concentration e}{pressed as grams per total substrate
volume).
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0188]

0189] A washcoat composition was prepared similarly to
the preparation of the second coat of Example 1 of U.S. Pat.
No. 5,597,771 to form a washcoat layering slurry containing
about 40 percent by weight of solids. The monolith coated
with the inlet layer 1n Part A of this Example was dipped in
the outlet layer slurry. The substrate introduced into the
outlet layer slurry from the opposite axial end that was
coated with inlet layer slurry. The substrate was dipped to a
depth sufficient to coat 90% of the axial length of the
substrate. After blowing off the excess, drying and calcining,
the monolith picked up an additional 1.34 g of washcoat
contammg 72 g/ft of palladium, 0.70 g/in> of alumina, 0.20
g/m ol ceria-zirconia composﬂe 0.10 g/in” of ZrOz, 0.10
g/m of La, 0., 0.10 g/in” of Nd,O,, and 0.10 g/in> of SrO.
The final coated monolith substrate contained 110 g/ft> of
palladium (washcoat component concentration expressed as
grams per total substrate volume). This coated monolith
substrate 1s designated Catalyst Cla.

B. Outlet Layer

[0190] A second catalyst (designated as Catalyst C1) was
prepared using the procedure recited above adjusting the
amount of palladium nitrate added so that the final monolith
substrate contained 200 g/ft> of palladium (80 g/ft> after
coating the inlet layer and an additional 120 g/ft” after
coating of the outlet layer).

EXAMPLE 2

(Comparative Example) Preparation of a
Conventional Bilayer Catalyst Having a Substrate
Containing Palladium in both Top and Bottom
Coats

[0191] A. First Layer

[0192] The first (bottom) coat of this catalyst was formed
using the slurry used to prepare the inlet layer in Example 1.
The entire axial length of a 400 cps1 cordierite monolith
substrate of the same dimensions used 1 Example 1 was
coated with the slurry. The excess was blown off the
monolith by compressed air. The resultant coated monolith
after being calcined at 450° C. contained 38 g/ft> palladium,
0.53 g/in” alumina, 0.15 g/in” of cordierite, 0.26 g/in” of
ceria-zirconia composite, 0.62 g/in® Ce0,, 0.09 g/in> La, 0,
0.06 g/in® Nd, O, 0.20 g/in> ZrO,, 0.09 g/in° BaO, and 0.09
g/in> NiO (washcoat component concentration expressed as
grams per total substrate volume).

0193] B. Second Layer

0194] A washcoat composition was prepared by was
prepared similarly to the Second Coat of Example 1, of U.S.
Pat. No. 5,597,771 to form a washcoat layering slurry
containing about 40 percent by weight of solids. The mono-
lith coated with the inlet layer in Part A of the Example was
dipped 1n the second layer slurry to coat the entire axial
length of the substrate. After blowing off the excess, drymg
and calcining, the monolith plcked up an additional 1 4 g of
washcoat contammg 72 g/ft of palladlum 0.70 g/in” of
alumina, 0.20 g/m of ceria-zirconia composne 0.10 g/in” of
Zr0,, 0.10 g/in® of La,0,, 0.10 g/in® of Nd,O,, and 0.10
g/m of SrO. The final coated monolith substrate contained
110 g/ft> of palladium (washcoat component concentration
expressed as grams per total substrate volume). This catalyst
sample 1s designated as Catalyst Ela.

[0195] A second catalyst (designated as Catalyst E1) was
prepared using the procedure recited above adjusting the
amount of palladium nitrate added so that the final monolith
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substrate contained 200 g/ft® of palladium (80 g/ft alter
coating the first layer and an additional 120 g/ft” after
coating of the second layer.)

EXAMPLE 3

Preparation of a Three Zone Bilayer Catalyst
Having an Outlet Layer Containing Pd and Inlet
Layer Containing Rhodium (Exemplifies the
Preparation of Catalyst B with the Coating,
Architecture According to FIG. 4)

0196] A. Outlet Layer

0197] A washcoat composition was prepared by impreg-
nating a portion of gamma alumina powder having a BET
surface area of 150 m®/g with an aqueous solution of
palladium nitrate. The palladium-containing alumina was
combined with cerium nitrate, zirconium acetate, strontium
nitrate, acetic acid (as a dispersant) and water in a ball-mill
to form a slurry. Milled N1O was added to the slurry and the
milling was continued to form the outlet layer slurry con-
taining about 40 percent by weight of solids. One axial end
of a monolith substrate (3.15x4.75x2.98 in, oval) of cordi-
erite containing about 400 flow passages per square inch of
cross section was dipped 1nto the washcoat slurry at a depth
sufficient to coat 90% of the axial length of the substrate.
The excess was blown off the monolith by compressed air.
The resultant coated monolith after being calcined at 450° C.
contained 72 g/ft> palladium, 1.43 g/in® alumina, 0.20 g/in’
CeO,, 0.12 g/in” Zr0O,, 0.12 g/in” SrO, and 0.09 g/in” NiO
(washcoat component concentration expressed as grams per
total substrate volume).

0198] B. Inlet Layer

0199] A washcoat composition was prepared by impreg-
nating a portion of gamma alumina powder having a BET
surface area of 150 m®/g with an aqueous solution of
rhodium nitrate. The rhodium-containing alumina was com-
bined with cerium-zirconia composite (containing 20 wt. %
ceria), zirconium acetate, acetic acid (as a dispersant) and a
water 1n a ball-mill to form the 1nlet layer slurry containing,
about 40 percent by weight of solids. The monolith coated
with the outlet layer in Part A of the Example was dipped in
the 1nlet layer slurry. The substrate introduced into the inlet
layer slurry from the opposite axial end that was coated with
outlet layer slurry. The substrate was dipped to a depth
sufficient to coat-90% of the axial length of the substrate.
After blowing off the excess, drymng and calcining, the
monolith picked up an additional 1.26 ¢ of washcoat con-
taining 8 g/ft> of rhodium, 1.43 g/in3 of alumina, 0.08 g/in’
of ZrO,, and 0.82 g/in” of ceria-zirconia composite. The
fina] coated catalyst contained 72 o/ft” of palladium and 8
g/ft of rhodium (washcoat component concentration
expressed as grams per total substrate volume). This catalyst
sample 1s designated-as Catalyst B1.

EXAMPLE 4

(Comparative Example) Preparation of a
Conventional Bilayer Catalyst Substrate with an
Bottom Layer Containing Pd and a Top Layer
Containing Rhodium

0200] A. Bottom Layer

0201] The first (bottom) coat of this catalyst was formed
using the slurry used to prepare the inlet layer in Example 3.
The entire axial length of a 400 cps1 cordierite monolith
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substrate of the same dimensions used in Example 3 was
coated with the slurry. The excess was blown off the

monolith by compressed air. The resultant coated monolith
after being calcined at 450° C. contained 72 g/ft palladium,

1.43 g/in” alumina, 0.20 g/in° CeO,, 0.12 g/in° ZrO,, 0.12
g/m SrO, and 0.09 g/m3 NiO (washcoat component concen-
tration expressed as grams per total substrate volume).

0202] B. Top Layer

0203] A washcoat composition was prepared according to
in the 1nlet layer washcoat preparation of Example 3 to form
a washcoat layering slurry containing about 40 percent by
weilght of solids. The monolith coated with the inlet layer in
Part A of the Example was dipped 1n the second layer slurry
to coat the entire axial length of the substrate. After blowing
off the excess, drying and calcining, the monolith picked up
an additional 1.26 g of washcoat containing 8 g/ft® of
rhodium, 1.43 g/in” of alumina, 0.08 g/in” of ZrQ,, and 0.82
o/in of ceria-zirconia composite. The final coated catalyst
contained 72 g/ft’ of palladium and 8 g/ft° of rhodium
(washcoat component concentration expressed as grams per

total substrate volume). This catalyst sample is designated as
Catalyst F1.

EXAMPLE 5

Preparation of a Three Zone Bilayer Catalyst
Having a Palladium/Platinum First Inlet Layer and
a Platinum/Rhodium Second Layer (exemplifies the

preparation of Catalyst A)

[0204] A. First Inlet Layer

[0205] The first inlet layer slurry was prepared using
essentially the same procedure as described for the prepa-
ration of the slurry used to prepare the First Layer in the
Example of PCT publication WO 95/35152, herein incor-
porated by reference. One axial end of a monolith substrate
(3.15%x4.75%2.98 in, oval) of cordierite containing about 400
flow passages per square inch of cross section was dipped
into the first inlet layer slurry at a depth sufficient to coat
70% of the axial length of the substrate. The excess was
blown off the monolith substrate by compressed air. The
resultant coated monolith after being calcined at 450° C.
contained 2.0 g/ft> of platinum, 175 g/ft> of palladium, 0.75
o/in> of alumina, 0.05 g/in” of ZrO,, 0.50 g/in” of ceria-
zirconia composite, 0.05 g/in” of CeQ,, 0.20 g/in> of SrO,
0.08 g/in® of La,05, and 0.05 g of Nd,O, (washcoat com-
ponent concentration expressed as grams per coated catalyst
volume).

[0206] B. First Outlet Layer

[0207] The first outlet layer slurry was prepared using
essentially the same procedure as described for the prepa-
ration of the slurry used to prepare the Second Layer in the
Example of PCT publication WO 95/35152. The monolith
coated with the first inlet layer in Part A of the Example was
dipped 1n the first outlet layer slurry. The substrate intro-
duced into the first outlet layer slurry from the uncoated
axial end. The substrate was dipped to a depth suflicient to
coat 70% of the axial length of the substrate. After blowing
oif the excess, drying and calcining, the monolith picked up
an additional 1.19 g/in® of washcoat. The coated catalyst
volumes of the first outlet slurry were 10.5 g/ft> of platinum,

12.5 g/ft® of rthodium, 0.35 g/in> of alumina, 0.04 g/in° of
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ZrO,, and 0.75 g/in> of ceria-zirconia composite. The final
coated catalyst contained 140 g/ft> of platinum group metal
(washcoat component concentration expressed as grams per
coated catalyst volume). This catalyst is designated catalyst

Al.

EXAMPLE 6

Preparation of a Single Pass Double-Coated
Catalyst Substrate Having a Palladium/Platinum
First Inlet Layer and a Platinum/Rhodium Second
Layer with a Second Inlet Layer Containing
Palladium (Exemplifies the Preparation of Catalyst

D1)

[0208] A second inlet layer slurry was prepared by
impregnating gamma alumina powder having a BET surface
area of 150 m*/g with an aqueous solution of palladium
nitrate. The 1nlet axial end of Catalyst Al of Example 5 was
dipped into the second slurry at a depth sufficient to coat
30% of the axial length of the substrate. After blowing oft
the excess, drying and calcining, this segment of the mono-
lith picked up an additional 0.27 g/in° of washcoat contain-
ing 200 g/ft> of palladium and 0.2 g/in” of alumina (wash-
coat component concenftration expressed as grams per
coated catalyst volume). This catalyst sample is designated
as Catalyst D1. Catalyst F contains the same total amount of
platinum group metal loading as the conventional bilayer
catalyst, Catalyst G1 (vide infra).

EXAMPLE 7

(Comparative Example) Preparation of a
Conventional Bilayer Catalyst Substrate Having a
Palladium/Platinum First Layer and a
Platinum/Rhodium Second Layer

[10209] A 400 cpsi cordierite monolith catalyst having the
same dimensions as Example 5 was prepared using essen-
fially the same procedure as described 1n the Example of
PCT publication WO 95/35152, hereby incorporated by
reference. After coating the substrate with the first layer
slurry, drying and calcination at 450° C., the first (bottom)
layer contained 2.0 g/ft® of palladium, 175 g/ft° of palla-
dium, 0.75 g/in> of alumina, 0.05 g/in” of ZrO., 0.50 g/in’
of ceria-zirconia composite, 0.05 g/in” of CeO,, 0.20 g/in” of
SrO, 0.08 g/in® of La,0,, and 0.05 g of Nd,O., (washcoat
component concentration expressed as grams per coated
catalyst volume). After coating the substrate with the second
layer slurry, the monolith substrate picked up an additional
1.19 g/in” of washcoat containing 10.5 g/ft> of platinum,
12.5 g/ft> of rhodium, 0.35 g/in” of alumina, 0.08 g/in> of
ZrO., and 0.75 g/in> of ceria-zirconia composite. The final
coated monolith substrate contained 12.5 g/ft® of platinum,
175 g/ft” of palladium and 12.5 g/ft’ of rhodium (washcoat
component concentration expressed as grams per coated
catalyst volume). This catalyst is designated catalyst G1.
Catalyst G1 contained the same amount of total platinum
group metal loading as Catalyst D1 (vide supra).

EXAMPLE 8

Catalyst Performance of Catalyst C1 and E1

[0210] The catalysts, 85 in’ in volume each, produced
according to Examples 1 and 2 were individually loaded 1n
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converters of i1dentical shape. The converters were then
individually aged on a Ford 4.6 liter V-8 engine at a
converter inlet temperature of 850° C. for 75 hours using a
specific aging cycle. This procedure simulates aging of the
catalyst after 50,000 miles of vehicle operation. The aging
cycle consists of four phases totaling 60 seconds.

[0211] 1. First phase lasts 40 seconds and engine
operates at stoichiometric set point 1n steady state.

[0212] 2. Second phase for 6 seconds and engine
operates bias rich which produces 3 percent CO 1n
the exhaust.

[0213]| 3. Third phase for 10 seconds and the engine

operates similar to phase 2 except secondary air 1n
injected to generate 3 percent O, 1n the exhaust.

[0214] 4. Fourth phase for 4 seconds and engine
operates back to normal stoichiometric setting simi-
lar to phase I while the air injection continues.

[0215] After the aging the catalysts were evaluated on a
V-8 engine dynamometer at an inlet temperature of 450° C.
and 80,000 hr~" space velocity wherein the air-to-fuel ratio
(A/F) employed was fluctuated +/-0.5 A/F units at 1 Hz

perturbations.

[0216] The comparative catalyst performance of Catalyst
C1 and Catalyst E1 are summarized in F1GS. 11, 12 and 13.
In each of these Figures, the abscissa correspond to the A/F
ratio expressed as a fraction (X) of the stoichiometric A/F
ratio (i.e., 14.6). Thus, for example A’s less than 1 corre-
spond to A/F ratios that are rich of stoichiometric ratio and
)’s greater than 1 correspond to A/F ratios lean of stoichio-
metric. F1G. 11 graphically presents the hydrocarbon con-
version percentage as a function of A. FIG. 12 graphically
presents the carbon monoxide conversion percentage as a
function of A. FIG. 13 graphically presents the nitrogen
oxides (NOX) conversion percentage as a function of A. As
can be seen 1n the figures, Catalyst C1 shows nearly 1dentical

catalyst performance characteristics as the comparative
Catalyst E1 at a range of A/F ratios.

[10217] After 50,000 mile equivalent aging, the hydrocar-
bon (HC), carbon monoxide and NOx conversions of Cata-
lyst C1 and E1 were evaluated using the FTP 1975 with a 4.6
L engine vehicle. The HC, CO and NOx conversions are

presented m FIG. 14.
EXAMPLE 9

Catalyst Performance of Catalyst B1 and F1
(Comparative Catalyst)

[0218] This example illustrates certain catalyst perfor-
mance advantages that typily the catalysts of the imnvention
due to their coating architectures. In this example, Catalyst
B1 and F1 are subjected to 50,000 mile equivalent aging as
described in Example 8. The two catalysts were then evalu-
ated for hydrocarbons and NOx emissions by bag average
tailpipe emissions according to FIP 1975 with a 4.6 L
engine vehicle. Catalyst B1 was placed 1n the converter by
specifically orienting the catalyst to exhaust so that the inlet
layer (containing a rhodium component) was nearest the
engine outlet and the outlet layer (containing the palladium
component) was nearest to the exhaust outlet. In this con-
figuration, the exhaust gas first contacted the layer contain-
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ing the rhodium component before contacting the zone
having both the palladium and rhodium components.

10219] The results of the evaluation for the two catalysts
are shown 1n FIGS. 9 and 10. The emissions in the Figures
are expressed as g/mile along the ordinates. As can be seen
in FIG. 9, slightly higher amounts of hydrocarbons were

collected for Catalyst B1 compared to the conventional
Catalyst F1.

[0220] In contrast, as seen from the results presented in
FIG. 10, less NOx emissions were collected for Catalyst B1
than for Catalyst F1. In addition the conversion percentage
of the NOx emissions 1s 92.6% for Catalyst B1 and §7.3%
for Catalyst F1. The improved NOx performance for Cata-
lyst B1 as compared to Catalyst F1 shows the superiority of
the catalyst architecture of the invention with respect to
abating a specilic pollutant component. Thus, there 1s a
directional benefit obtained as a consequence of the combi-
nation of the orientation of the catalyst of the invention to
the exhaust stream and the coating architecture.

% Conversion

Efficiencies
Catalyst HC NOx
Catalyst Bl 90.6 92.6
Catalyst F1 91.3 87.3
(Comparative)
EXAMPLE 10

Catalyst Performance of Catalyst Al, D1 and G1
by Bag Analysis

10221] This example illustrates the enhanced catalyst per-
formance of catalysts having a thin second inlet layer having
high palladium content over conventional catalysts. In this
example, Catalyst Al, D1 and G1 are subjected to 50,000
mile equivalent aging as described in Example 8. The three
catalysts were then evaluated for hydrocarbon emissions by
bag average tailpipe emissions according to the Federal Test
Procedure (1975) with a 4.6 L engine vehicle. The results of
the evaluation are presented in FIG. 15, where the hydro-
carbon emissions (HC) are expressed as g/mile along the
ordinates. The conversion percentage above each of the
columns of the bar graph indicate the percentage of hydro-
carbon converted 1n the FTP 1975 test.

10222] As can be seen in FIG. 15, the hydrocarbon
exhaust collected using conventional bilayer Catalyst G1
was about 0.042 g/ml, while a larger quantity (0.048 g/ml)
was collected using Catalyst Al. The larger quantity of
hydrocarbon collected for Catalyst A1l was expected due to
its 30% less total platinum group metal loading relative to
Catalyst G1 as a result of the coating architecture.

10223] In contrast, the total hydrocarbon emissions col-
lected for Catalyst D1 was significantly less (0.031 g/ml)
than the amount collected for the conventional bilayer
Catalyst G1. The result illustrates one of the performance
advantages obtained using a coating architecture having a
second inlet layer that defines a hydrocarbon burnoff zone
along the length of the catalyst. Here, both Catalysts D1 and
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G1 contain the same total amount of platinum group metal
content. The coating architecture of Catalyst D1 results 1n a
more cflective utilization of the platinum group metals,
which 1n turn, results in decreased hydrocarbon emissions.

% HC
Conversion
Catalyst HC
Catalyst Al 96.7
Catalyst D1 7.8
Catalyst (1 97.1
(Comparative)
EXAMPLE 11

Catalyst Performance of Catalyst Al, D1 and G1
by Vehicle Evaluation

[0224] The performance of Catalysts Al, D1 and G1 were
evaluated by determining the cumulative hydrocarbon emis-
sion on 1998 Ford Crown Victoria having an 8 cylinder 4.6
L engine according to the FIP 1975 test. Each of the
catalysts (76.5 in”) were dynamometer-aged at 50,000 miles
and 1nstalled 1n a canister 1n the exhaust train of the vehicle.
The results of the evaluation are graphically presented 1n
FIG. 16, where the abscissa corresponds to the time (sec-
onds), the left ordinate to the cumulative hydrocarbon
tailpipe emissions and the right ordinate to the vehicle speed

(km/hr).

[10225] It 1s apparent from FIG. 16 that during the test run
conducted with Catalyst D1, fewer hydrocarbons are col-
lected than for the run conducted with the conventional
bilayer Catalyst G1. While the total platinum group metal
loading 1s the same for both catalysts, their coating archi-
tectures are different. Here again, the optimized placement
of the platinum group metals resulting from the zones
created by the coating architecture in Catalyst D1 results in
superior hydrocarbon performance.

[0226] While this invention has been described with an
emphasis upon preferred embodiments, it will be obvious to
those of ordinary skill in the art that variations in the
preferred devices and methods may be used and that it 1s
intended that the invention may be practiced otherwise than
as specifically described herein. Accordingly, this invention
includes all modifications encompassed within the spirit and
scope of the mvention as defined by the claims that follow.

What 1s claimed:
1. An exhaust gas treatment article, comprising:

a substrate comprising an inlet axial end, an outlet axial
end, wall elements having a length extending between
the 1nlet axial end to the outlet axial end and a plurality
of axially enclosed channels defined by the wall ele-
ments;

an 1nlet layer deposited on the wall elements beginning at
the inlet axial end and having a length extending for
less than the wall elements’ length, wherein the inlet
layer comprises a first inlet palladium component; and

an outlet layer beginning at the outlet axial end and having
a length extending for less than the wall elements’
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length, the outlet layer at least partially overlying the
wall elements and the inlet layer, wherein the outlet
layer comprises an outlet palladium component.
2. The exhaust article of claim 1, wherein the inlet layer
further comprises:

an 1nlet refractory oxide support, and

an 1nlet oxygen storage component; and the outlet layer
further comprises an outlet refractory oxide support.

3. An exhaust gas treatment article, comprising:

a substrate comprising an inlet axial end, an outlet axial
end, wall elements having a length extending between
the 1nlet axial end to the outlet axial end and a plurality
of axially enclosed channels defined by the wall ele-
ments;

an 1nlet layer deposited on the wall elements beginning at
the 1nlet axial end and having a length extending for at
least 90% and no more than 97% of the wall elements’
length, wherein the inlet layer comprises a first inlet
palladium component; and

an outlet layer beginning at the outlet axial end and having
a length extending for at least 90% and no more than
97% of the wall elements’ length, the outlet layer at
least partially overlying the wall elements and the inlet
layer, wherein the outlet layer comprises an outlet
palladium component.

4. The exhaust article of claim 3, wherein the inlet layer

further comprises:

an 1nlet refractory oxide support, and

an 1nlet oxygen storage component; and

the outlet layer further comprises an outlet refractory
oxide support.

S. The exhaust article of claim 3, wherein there 1s at least
5 g/ft> of inlet palladium component, and there is at least 5
o/ft> of outlet palladium component.

6. An exhaust gas treatment article, comprising;:

a substrate comprising an inlet axial end, an outlet axial
end, wall elements having a length extending between
the 1nlet axial end to the outlet axial end and a plurality
of axially enclosed channels defined by the wall ele-
ments;

an outlet layer deposited on the wall elements beginning
at the outlet axial end and having a length extending for
less than the wall elements’ length, wherein the outlet
layer comprises a first outlet palladium component; and

an 1nlet layer beginning at the inlet axial end and having
a length extending for less than the wall elements’
length, the inlet layer at least partially overlying the
wall elements and the 1nlet layer, wherein the 1nlet layer
comprises an inlet rhodium component.

7. The exhaust article of claim 6, wherein

the nlet layer further comprises: an inlet refractory oxide
support; and an inlet oxygen storage component; and

the outlet layer comprises an outlet support.
8. An exhaust gas treatment article, comprising:

a substrate comprising an inlet axial end, an outlet axial
end, wall elements having a length extending between

Jan. 1, 2004

the 1nlet axial end to the outlet axial end and a plurality
of axially enclosed channels defined by the wall ele-
ments;

an outlet layer deposited on the wall elements beginning

at the outlet axial end and having a length extending for
at least 90% and no more than 97% of the wall

clements’ length, wherein the outlet layer comprises a
first outlet palladium component; and

an 1nlet layer beginning at the inlet axial end and having
a length extending for at least 90% and no more than
97% of the wall elements’ length, the inlet layer at least
partially overlying the wall elements and the inlet layer,
wherein the inlet layer comprises an inlet rhodium
component.

9. The exhaust article of claim &, wherein

the inlet layer further comprises: an inlet refractory oxide
support; and an inlet oxygen storage component; and

the outlet layer comprises an outlet refractory oxide
support.

10. An exhaust gas treatment article, comprising:

a substrate comprising an inlet axial end, an outlet axial
end, wall elements having a length extending between
the 1nlet axial end to the outlet axial end and a plurality
of axially enclosed channels defined by the wall ele-
ments,

a first inlet layer deposited on the wall elements beginning,
at the 1nlet axial end and having a length extending for
less than the wall elements’ length;

a first outlet layer beginning at the outlet axial end and
having a length extending for less than the wall ele-
ments’ length, the first outlet layer at least partially
overlying the wall elements and the first inlet layer; and

a second layer that 1s one of:

a) a second inlet layer overlying at least part of the first
inlet layer, beginning at the inlet axial end and
having a length extending for no more than 50% of
the wall elements’ length, or

b) a second outlet layer overlying at least part of the
first outlet layer, beginning at the outlet axial end and
having a length extending for no more than 50% of
the wall elements’ length.

11. The exhaust article of claim 10, wherein the first inlet
layer and the first outlet extend for at least 60% of the wall
clements’ length.

12. The exhaust gas treatment article of claim 10, wherein
the second layer comprises a washcoat loading of less than
1.5 g/in’”.

13. The exhaust gas treatment article of claim 10, wherein
the second layer comprises a washcoat loading of less than
0.5 g/in’.

14. The exhaust article of claim 10, wherein the second
layer 1s according to (a).

15. The exhaust gas treatment article of claim 14, wherein

the second 1nlet layer comprises one or more platinum group
metal components having a loading of at least 20 g/ft".

16. The exhaust article of claim 14, wherein the second
inlet layer comprises a second inlet palladium component.
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17. The exhaust article of claim 16, wherein the second
inlet layer further comprises a second inlet platinum com-
ponent.

18. The exhaust article of claim 16, wherein there 1s at
least 80 g/ft” of second inlet palladium component in the
second 1nlet layer.

19. The exhaust article of claim 16, wherein the first inlet
layer comprises:

a first 1nlet palladium component,

a first 1nlet refractory oxide support, and

a first inlet oxygen storage component; and
the first outlet layer comprises:

a first outlet platinum component,

a first outlet rhodium component, and

a first outlet refractory oxide support.

20. The exhaust article of claim 19, wherein the first inlet
layer further comprises a first inlet platinum component.

21. The exhaust article of claim 10, wherein the second
layer 1s according to (b).

22. The exhaust article of claim 21, wherein the second
outlet layer comprises a second outlet palladium component.

23. The exhaust article of claim 22, wherein the second
outlet layer comprises at least 80 g/ft> of the second outlet
palladium component.

24. The exhaust article of claim 22, wherein the second
outlet layer further comprises a second outlet platinum
component.

25. The exhaust article of claim 22, wherein the first inlet
layer comprises:

a first inlet palladium component,

a first 1nlet refractory oxide support, and

a first inlet oxygen storage component; and
the first outlet layer comprises:

a first outlet platinum component;

a first outlet rhodium component; and

a first outlet refractory oxide support.
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26. The exhaust article of claim 25, wherein the first inlet
layer composition further comprises a {first inlet platinum
component.

27. An exhaust article comprising

a substrate comprising an inlet axial end, an outlet axial
end, wall elements having a length extending between
the 1nlet axial end to the outlet axial end and a plurality
of axially enclosed channels defined by the wall ele-
ments;

an undercoat layer deposited on the wall elements and
having a length extending from the inlet axial end to the
outlet axial end;

a first 1nlet layer deposited on the undercoat layer begin-
ning at the inlet axial end and having a length extending
for less than the wall elements’ length;

a first outlet layer beginning at the outlet axial end and
having a length extending for less than the wall ele-
ments’ length, the first outlet layer at least partially

overlying the undercoat layer and the first inlet layer;
and

a second outlet layer overlying at least part of the first
outlet layer, beginning at the outlet axial end and
having a length extending for no more than 50% of the
wall elements’ length.

28. The exhaust article of claim 27, wherein the second
outlet layer comprises a second outlet rhodium component.

29. The exhaust article of claim 28, wherein the second
outlet layer further comprises a second outlet platinum
component.

30. The exhaust article of claim 29, wherein the second
outlet layer comprises at least 5 g/ft> of a sum of the second
outlet component rhodium component and the second outlet
platinum component.

31. The exhaust article of claim 27, wherein the undercoat
layer comprises hydrocarbon trapping material.

32. The exhaust article of claim 27, wherein the undercoat
layer comprises NOx adsorption material.
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