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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 
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 
de?nes a plurality of Zones along the length of the substrate. 
The properties of each Zone of the catalyst can be optimized 
to address speci?c catalyst functions by manipulation of 
both the coating lengths and the catalyst Washcoat compo 
sitions. 
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Figure 1 

Figure 2 
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Figure 3 
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Figure 5 
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Figure 8 
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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 speci?c catalyst functions. The invention 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 is a catalytic coating. The monolith has a honeycomb 
type structure Which has a multiplicity of longitudinal chan 
nels, typically in parallel, to provide a catalytically coated 
body having a high surface area. 

[0003] Monolithic honeycombs containing different cata 
lyst compositions in Zones along the length of the honey 
comb are knoWn for use in catalytic combustion processes 
from references such as WO 92/09848. It is disclosed that 
graded 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 is repeated by dipping 
further into the Washcoat sol. Alternatively, Washcoat is 
disclosed to be applied to metal foil Which is then rolled into 
a spiral structure. The Washcoat is disclosed to be sprayed or 
painted onto the metal foil or applied by other knoWn 
techniques such as by chemical vapor deposition, sputtering, 
etc. 

[0004] Copending US. patent application Ser. No. 09/067, 
820, ?led 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 de?ned 
by their coating (or lack of coating) and extend for a length 
of the channel in Which there is 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 ?xed 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, it is desirable to re?ne 
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. Re?ne 
ments in 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 
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) de?ned by the Wall elements. See for example, FIGS. 
1-3. An inlet layer (26) is deposited on the Wall elements 
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beginning at the inlet axial end and has a length extending 
for less than the Wall elements’ length. The inlet layer has a 
?rst 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 
de?ning 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 inlet refractory oxide support and an inlet 
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/ft3 of inlet 
palladium component in the inlet layer, and there is at least 
5 g/ft3 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) de?ned 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 ?rst outlet palladium component. An inlet 
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 inlet 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. 5 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 inlet axial end to the outlet axial end and a plurality of 
axially enclosed channels de?ned by the Wall elements. A 
?rst inlet layer (32) is deposited on the Wall elements 
beginning at the inlet axial end and extends for less than the 
Wall elements’ length. A ?rst outlet layer (36) at least 
partially overlies the Wall elements and the ?rst inlet layer, 
and beginning at the outlet axial end, extends for less than 
the Wall elements’ length. Preferably, the ?rst inlet layer and 
the ?rst outlet layer each extend for at least 60% of the Wall 
elements’ length. 

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

[0013] a) a second inlet layer (38A, see, for example, 
FIG. 5) overlying at least part of the ?rst 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 ?rst 
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/in3, more preferably less than 0.5 g/in3. 

[0016] In one preferred embodiment of this multi-Zone 
article, the second layer is 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/ft3. 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/ft3 of second inlet palladium 
component in the second inlet layer. 

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

[0018] In another preferred embodiment of the article, the 
second layer is 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 ?rst inlet layer has a ?rst inlet 
palladium component, a ?rst inlet refractory oxide support 
and a ?rst inlet oxygen storage component. Preferably, the 
?rst inlet layer further includes a ?rst inlet platinum com 
ponent. The ?rst outlet layer has a ?rst outlet platinum 
component, a ?rst outlet rhodium component and a ?rst 
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 de?ned by the Wall 
elements. The undercoat layer (40) is deposited on the Wall 
elements and is 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 ?rst 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?rst outlet 
layer (36) at least partially overlies the undercoat layer and 
the ?rst inlet layer. The ?rst outlet layer is 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 
?rst 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/ft3. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is a vieW of in perspective of a honeycomb 
substrate. 

[0022] FIG. 2 is a sectional vieW of the honeycomb of 
FIG. 1 along Section 2-2. 

[0023] FIGS. 3 to 7 are schematic draWings illustrating 
various example substrate designs of the present invention. 

[0024] FIG. 8 is a schematic ?oW chart illustrating a 
method of preparing the Zoned catalyst architectures of the 
present invention. 

[0025] FIG. 9 is a graph of the US. 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. 

[0026] FIG. 10 is a graph of the US. Federal Test Pro 
cedure in Which the bag average tailpipe nitrogen oxides 
(NOx) emissions are collected from an exhaust system using 
one embodiment of a catalyst of the invention and an 

exhaust system using a comparative catalyst. 

[0027] FIG. 11 graphically presents the hydrocarbon con 
version percentage as a function of )L for an exhaust system 
out?tted With one embodiment of a catalyst of the invention 

and for an exhaust system out?tted With a comparative 
catalyst. 

[0028] FIG. 12 graphically presents the carbon monoxide 
conversion percentage as a function of )L for an exhaust 

system out?tted With one embodiment of a catalyst of the 
invention and for an exhaust system out?tted With a com 

parative catalyst. 

[0029] FIG. 13 graphically presents the nitrogen oxides 
(NOx) conversion percentage as a function of )L for an 
exhaust system out?tted With one embodiment of a catalyst 
of the invention and for an exhaust system out?tted With a 
comparative catalyst. 

[0030] FIG. 14 is a graph shoWing the results of a US. 
Federal Test Procedure in Which there is plotted the per 
centage of pollutants converted to innocuous substances by 
one 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 US. 
Federal Test Procedure in Which the bag average tailpipe 
hydrocarbons (HC) emissions are collected from an exhaust 
system out?tted With one embodiment of a catalyst of the 
invention, and exhaust systems out?tted With tWo compara 
tive catalysts. 

[0032] FIG. 16 is a graph shoWing the results of the US. 
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] De?nitions 

[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 “ l WC” 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 into 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 
de?nes 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 into the catalyst depending 
on the needs of various exhaust systems. The invention 
therefore provides ?exibility to meet a number of emission 
abatement goals, e.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) de?ned 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” is used to 
mean the physical design of the coating in 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 
de?ned by their coating and extend for a length of the 
channel in Which there is the same coating and architecture. 

Jan. 1, 2004 

For example, a tWo Zoned catalyst coating de?nes a Zone 
until it 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 
tions 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, e.g., a high 
surface area alumina coating. Other additives such as oxy 
gen storage components (e.g., ceria), binders, sul?de sup 
pressants, stabiliZers and promoters can be included in 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 ?oW passage cell siZes in 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 in 
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 inlet layer composition and an outlet layer compo 
sition according to the coating architecture depicted in 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) 
is 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 de?nes 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 ?oWing along the axial 
length of this embodiment Would ?rst pass through the 
upstream Zone, then through the intermediate Zone and 
?nally through the doWnstream Zone. 

[0044] In an alternative con?guration 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 in 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 ef?cient 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. 

[0047] 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 FIG. 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 
group 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 in FIG. 3 is useful for a number of 
catalysts designed for different purposes. For example, using 
a monolith substrate having a coating architecture as 
depicted in 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 con?guration, 
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] In one example of a preferred catalyst having these 
functions and the coating architecture of FIG. 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 inlet platinum components. Preferably, the inlet plati 
num group metal components in the inlet layer are deposited 
in at least 80 g/ft3 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 in this con?guration the outlet layer overlies 
the inlet layer. With this architecture there is de?ned 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 in a catalyst having improved TWC 
performance. The catalyst is designated herein as “Catalyst 
A”. In a preferred embodiment of Catalyst A, the coating 
length of each of the inlet and outlet layers is at least 90% 
of the axial length of the substrate. 

[0051] Preferred Catalyst A can be formed according to 
the coating architecture illustrated in FIG. 3 With the Wash 
coat compositions similar to those disclosed in WO 
95/35152, hereby incorporated by reference. The catalyst 
disclosed in WO 95/35152 is a bilayer catalyst having a ?rst 
layer deposited on the channel Walls of the substrate and a 
second layer overlying and adhering to the ?rst layer. 

[0052] In Catalyst A, the inlet layer composition com 
prises at least one ?rst 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 in 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 being a rhodium 
component. 

[0053] Platinum group metal component support compo 
nents in the inlet 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 speci?c 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 0 to less than ?fty Weight 
percent of an inlet layer platinum component based on the 
total amount of platinum metal in the inlet and outlet layers. 

[0055] Preferably, the inlet layer (26) comprises an inlet 
support, an inlet palladium component, at least one inlet 
stabiliZer, and at least one inlet rare earth metal component 
selected from ceria, neodymia and lanthana. The inlet layer 
can also comprise an inlet 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 ?fty 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 inlet 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 in addition to the oxygen 
storage component. Useful and preferred diluents include 
refractory oxides. Diluent is used to mean that the outlet 
oxygen storage component is present in the oxygen storage 
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composition in relatively minor amounts. The composition 
is a mixture Which can be characterized as a composite 
Which may or may not be a true solid solution. The outlet 
oxygen storage component is 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 is 
diluted With a diluent such as a refractory metal oxide, 
preferably zirconia. A particularly preferred outlet oxygen 
storage composition is a co-precipitated ceria/zirconia com 
posite. There is 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 thereof 
in addition to ceria. A particularly preferred particulate 
composite comprises ceria, neodymia and zirconia. Prefer 
ably there is 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 it from undergoing undesirable phase transfor 
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 
is in bulk form. By bulk form it is meant that the compo 
sition is in a solid, preferably ?ne 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 is 
made to US. 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 cerium com 
pounds, praseodymium, and/or neodymium compounds. 
When using cerium group compounds it has been found that 
if sulfur is present in the exhaust gas stream, objectionable 
hydrogen sul?de can form. When it is preferred to minimize 
hydrogen sul?de, it is preferred to additionally use Group 
IIA metal oxides, preferably strontium oxide. Where it is 
desired to use cerium, 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 
sul?de. Preferably, the inlet layer further comprises a nickel 
or iron 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 
neodymium 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/in3 of pal 
ladium component; 

[0063] from about 0 to about 0.065 g/in3 of an inlet 
platinum component; 

[0064] from about 0.15 to about 2.0 g/in3 of an inlet 
support; 

[0065] from about 0.025 to about 0.5 g/in3 of at least 
one inlet alkaline earth metal component; 

[0066] from about 0.025 to about 0.5 g/in3 of an inlet 
zirconium component; and 

[0067] from about 0.025 to about 0.5 g/in3 of at least 
one inlet 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/in3 to about 0.03 g/in3 of 
a rhodium component; 

[0070] from about 0.001 g/in3 to about 0.15 g/in3 of 
platinum; 

[0071] from about 0.15 g/in3 to about 1.5 g/in3 of an 
outlet support; 

[0072] from about 0.1 to 2.0 g/in3 of an outlet oxygen 
storage composition; 

[0073] from about 0.025 g/in3 to about 0.5 g/in3 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/in3 of an 
outlet zirconium 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 is designated 
“Catalyst B”. In a preferred embodiment of Catalyst B, the 
coating length of each of the inlet and outlet layers is at least 
90% of the axial length of the substrate. 

[0077] One of the performance bene?ts achieved using the 
coating architecture of the invention is 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 identical 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 
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(i.e., Rh containing top coat, Pd containing bottom coat), 
each 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 signi?cantly 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 in 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/ft3 to about 20 g/ft3 of an inlet 
rhodium component; 

[0081] from about 0.3 g/in3 to about 0.5 g/in3 of an 
inlet alumina support; 

[0082] from about 0.1 g/in3 to about 0.2 g/in3 of an 
inlet rare earth metal oxide component (particularly 
ceria); and 

[0083] from about 0.3 g/in3 to about 0.7 g/in3 of an 
inlet Zirconium component; 

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

[0085] from about 40 g/ft3 to about 120 g/ft3 of an 
outlet platinum component; 

[0086] from about 0.15 g/in3 to about 2.0 g/in3 of an 
outlet alumina support; 

[0087] from about 0.1 g/in3 to about 0.3 g/in3 of an 
outlet rare earth metal oxide component (particularly 
ceria); 

[0088] from about 0.1 g/in3 to about 0.3 g/in3 of an 
outlet Zirconium component; 

[0089] from about 0.1 g/in3 to about 0.3 g/in3 of an 
outlet alkaline earth metal component (particularly a 
strontium oxide; 

[0090] from about 0.1 g/in3 to about 0.3 g/in3 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 in both the inlet and outlet layer, and in speci?c 
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 in Us. Pat. No. 
5,597,771, hereby incorporated by reference. Using the 
coating architecture of FIG. 3 of the instant application, the 
inlet and outlet layers could be formed from the ?rst and 
second layer compositions disclosed in US. Pat. No. 5,597, 
771. This preferred catalyst is designated as “Catalyst C”. In 
a preferred embodiment of Catalyst C, the coating length of 
each of the inlet and outlet layers is 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 inlet layer provides the 
catalyst With higher temperature conversion ef?ciencies, and 
includes an oxygen storage component in intimate contact 
(vide infra) With the platinum group metal. It is preferred to 
use an alkaline earth metal component believed to act as a 

stabiliZer, a rare earth metal selected from lanthanum and 
neodymium metal components Which is 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 
earth 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 inlet 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 in bulk form and 
also in intimate contact With the inlet platinum group metal 
component. 
[0094] 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 
group components other than palladium are selected from 
platinum, rhodium, and mixtures thereof. The preferred inlet 
platinum group metal component other than palladium is 
platinum and the most preferred outlet platinum group metal 
component other than palladium is selected from rhodium, 
platinum, and mixtures thereof. Typically the inlet layer Will 
contain up to 100 percent by Weight of palladium as the 
platinum group metal. Where an inlet platinum group metal 
component other than palladium is used, it is 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 inlet palladium component and the platinum 
group metal components other than palladium in the inlet 
layer. Where an outlet platinum group metal component 
other than palladium is used, it is 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 in the outlet layer. 



US 2004/0001781 A1 

[0095] Catalyst C preferably comprises a palladium com 
ponent present in each of the inlet and outlet layers, in an 
amount sufficient to provide compositions having signi? 
cantly enhanced catalytic activity due to the palladium 
component. In a preferred embodiment the inlet palladium 
component is the only platinum group metal component in 
the inlet layer, and the outlet palladium component is the 
only platinum group metal component in the outlet layer. 
Optionally, either or both of the inlet 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, e.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 is 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, if 
present, other modi?ers and excludes the carrier or substrate. 
For typical automotive exhaust gas catalytic converters, the 
catalyst composite Which includes a monolithic substrate 
generally may comprise from about 0.50 to about 6.0, 
preferably about 1.0 to about 5.0 g/in3 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 is in intimate contact With a palladium compo 
nent. The oxygen storage component is any such material 
knoWn in the art and preferably is at least one oxide of a 
metal selected from the group consisting of rare earth metals 
and most preferably a cerium or praseodymium compound 
With the most preferred oxygen storage component being 
cerium oxide (ceria). The oxygen storage component can be 
present in at least 5 Wt. % and preferably in 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 in the form of an aqueous solution, drying and 
calcining the resulted mixture in 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 is preferably 
ceria, and/or praseodymia in bulk form as recited. It is 
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 impart stabiliZa 
tion, preferably a inlet stabiliZer in the inlet layer and outlet 
stabiliZer in the outlet layer. The stabiliZer is selected from 
the group consisting of alkaline earth metal compounds. 
Preferred compounds include compounds derived 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, it is desirable to use 
barium and strontium as the compound in the inlet and/or the 
outlet layer composition. The alkaline earth metal can be 
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applied in a soluble form Which upon calcining becomes the 
oxide. It is preferred that the soluble barium be provided as 
barium nitrate, barium acetate or barium 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 insoluble 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 inlet 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 is lanthana and optionally a minor 
amount of neodymia in 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 in the composition of the 
present invention is 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 sul?de suppressants, e.g., 
nickel or iron components. If nickel oxide is used, an amount 
from about 1 to 25% by Weight of the inlet coat can be 
effective. 

[0104] A particularly useful embodiment of Catalyst C 
comprises in the inlet layer from about 0.003 to 0.3 g/in3 of 
the inlet palladium component; from about 0 to 0.065 g/in3 
of the inlet platinum group metal component other than 
palladium; from about 0.15 to about 2.0 g/in3 of the inlet 
support, i.e., alumina; at least about 0.05 g/in3 of the total 
inlet oxygen storage component in intimate contact With the 
palladium component; from about 0.025 to about 0.5 g/in3 of 
at least one inlet alkaline earth metal components; from 
about 0.025 to about 0.5 g/in3 of the inlet Zirconium com 
ponent; from about 0.025 to about 0.5 g/in3 of at least one 
inlet rare earth metal component selected from the group 
consisting of lanthanum metal components and neodymium 
metal components; and comprises in the outlet layer from 
about 0.003 to 0.3 g/in3 of the outlet palladium component 
and from about 0 to 0.065 g/in3 of an outlet rhodium 
component or an outlet platinum component or mixture 
thereof, from about 0.15 g/in3 to about 2.0 g/in3 of the outlet 
support, i.e., alumina; and from about 0.025 to about 0.5 
g/in of the outlet Zirconium component. The inlet and/or 
outlet layers can further comprise from about 0.025 g/in3 to 
about 0.5 g/in3 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/in3 com 
























