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THERMALLY DURABLE, LOW H,S THREE-WAY CATALYSTS
Technical Field

This invention relates to catalysts used to remove undesirable components in the
exhaust gas from internal combustion engines. More particularly, the invention is concerned
with improved catalysts of the type generally referred to as three-way conversion or

TWC catalysts.
Background

The exhaust from internal combustion engines conlains hydrocarbons,
carbon monoxide and nitrogen oxides which must be removed to levels established by
various government regulations. The aforementioned three-way catalysts are
polyfunctional in that they have the capability of substantially simultaneously catalysing the

oxidation of hydrocarbons and carbon monoxide and the reduction of nitrogen oxides.

Typical three-way catalysts which exhibit good catalytic activity and long life contain
one or more platinum group metals (e.g. Pt, Pd, Rh and Ir) located upon a high surface area
porous refractory oxide support, e.g. a high surface area alumina coating. The porous
refractory oxide support is carried on a suitable non-porous refractory substrate such as a
monolithic carrier comprising a refractory ceramic or metal honeycomb structure or
refractory particles such as spheres, pellets or short extruded segments of a suitable

refractory material.

Three-way catalysts are currently formulated with complex washcoat compositions
containing stablilized alumina, an oxygen storage component {primarily stabilized ceria) and
precious metal catalytic components. The term "oxygen storage component” is used to
designate a materiai which is capable of being oxidized during oxygen-rich (lean) cycles of

engine operation and reduced during oxygen-poor (rich) cycles of engine operation.
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The art has devoted a great deal of effort in attempts to improve the efficiency of
pailadium containing three-way catalysts. Thus, in an article in Third Int. Cong. Catal. and
Auto Poll. Controls, Pre-print Vol. 1, pages 125 to 135, the authors, Dettling et al., describe

the inctusion of a low temperature catalyst composition for high activity under both low and

5 high operating temperatures.

Additionally, US Patents No, 5,057,483, 4,760,044 and 4,727,052 and
EP-A-0,507,590and WO-A-98,0321 describe palladium containing three-way catalysts.

10 Catalysts of this type exhibit greatly improved three-way catalytic activity over the
prior art, ever after extended high temperature aging. Three-way catalysts have the desirable
feature of converting pollutants found in automotive exhaust to harmiess pases.
For instance, hydrocarbons, carbon monoxide, and nitrogen oxides are converted to
carbon dioxide, water, and nitrogen, However, these and other similar threc-way catalysts

15 also have the undesirable feature of converting sulfur compounds found in automotive
exhaust, such as sulfur dioxide, to hydrogen sulfide under specific vehicle operating
conditions. Also, in many cases, as the three-way catalyst activity increases through
formulary improvements, the hydrogen sulfide generation activity usually also increases.
Additives, such as NiQ, can be included in the three-way washcoat to reduce its

20 hydrogen sulfide generation activity, however, these additives can also reduce the thermal
durability of the three-way catalyst, especially at extended high temperature aging.
The mechanism of this deactivation is not completely clear. However, it is thought to result
from undesirable solid state reactions which occur between the catalyst components and the
hydrogen sulfide suppressing additive when the composite catalyst is exposed to high

25  (emperatures.

Summary of the Invention

Platinum group metal three-way catalysts containing a high temperature functional

30 component, a low temperature functional component, and an additive to reduce
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reduction in hydrogen sulfide emissions without substantial reduction in the thermal

durability of the catalyst, even at extended high temperature aging.

The catalyst composition of this invention differs from prior three-way catalysts by

5 including an additive effective for hydrogen sulfide suppression in a manner such that it is
physically isolated from the remaining components of the catalyst material. Thus, the
composition of the present invention comprises (a) a high temperature catalyst support
material, (b) a low temperature catalyst support material, (¢) at least one platinum group
metal; and an additive effective for the suppression of hydrogen sulfide emission from the

10 catalyst, the additive, or at least some portion of it, being segregated from the main catalyst
elements, such as to be to some degree isolated from it. Thié H,S emission suppressant,
typically nickel oxide, which is prefetred, or a similar metal compound may be disposed in

a separate layer either under or over a single catalytic layer comprising the constituents (a),

(b), and (c), or in the same layer as constituents {a), (b), and {c), in which case the additive

15 ispartof a physical structure that is segregated from the remaining components of the layer.

In one embodiment of the present invention, the high temperature catalyst support

material is a zirconium-stabilized ceria containing, for example, about 58% CeQ, and about

42% ZrQ,, and the low temperature catalyst support material is a lanthanum-stabilized

20  alumina containing, for example, about 2 to 7% lanthanum oxide. The platinum group metal

is selected from at least one of platinum, palladium, thodium, ruthenium and iridivm.

According to another embodiment of the present invention, when the additive

effective for the suppression of hydrogen sulfide emissions is disposed in the same layer as

25  constituents (a), (b), and (c), the additive is disposed in a physical structure comprising
. alumina or La-stabilised alumina that is segregated from the remaining components in the
layer. According to yet another embodimenl of the invention when additive effective for

the suppression of hydrogen sulphide emissions is disposed in a separate layer either under

or over the catalytic layer the H,S emission suppressant support material is selected from

the group consisting of ALO,, ZrQ,, $i0,, TiO, and stabilised Al,Q;, Suitable stabilisers

ﬁ R@for alumina include La, Ba and Zr with La being preferred.
& Q
\\4/7 oS RENDED SHEET




10

15

20

25

4

As used herein, high temperature catalyst support matetial refers to catalyst support
materials useful for catalytic activities at temperatures above 500° C, and low temperature
catalyst support material refers to catalyst support materials useful for catalytic activities at

temperatures in the range of 200°C to 400°C.
Detailed Description of the Invention

The present invention comprises an improved platinum group metal three-way
catalyst composition containing 2 particulate high temperature catalyst support material, a
particulate low temperature catalyst support material, and further including an additive
effective for the suppression of hydrogen sulfide emissions, the H,S suppressant additive
being disposed in either (a) a segregated layer either under or over a layer in which the
remainder of the catalyst composition is disposed or (b) in the same layer as the remainder
of the catalyst composition. When the H,S suppressant additive is in the same layer as the
remainder of the catalyst composition, it is disposed in a physical structure, e.g. separated,
disposed on an H,S suppressant carrier material by which it is segregated from the other

catalyst constituents.

Generally, the high and low temperature catalyst suppori materials have a mean
particle size of less than 20 microns, preferably between | and 20 microns and more

preferably about 5 microns.

Further, the high temnperature catalyst support material is an oxygen storage material
selected from the group consisting of ceria, perovskites, Nio, MnQ, and stabilized ceria.
Suitable stabilizers for ceria include zirconium, lanthanum, aluminium, yttrium,

praseodymium and neodumium, zirconium, being most preferable.

Further still, the Zr-stabilized ceria contains 2 to 50% ZrO,, a preferred composition
being about 58% by weight CeQ; and about 42% by weight Zr0,

AMENDED SHEET
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Suitable low temperature catalyst support materials are stabilized alumina and
unstabilized alumina. Suitable stabilizers for alumina include lanthanum, barium and

zirconium, with lanthanum being preferred.
5 Preferably, the La-stabilized alumina contains 2 to 7% lanthanum oxide.

In the present invention, the platinum group metal comprises at least one of platinum,

palladium, rhodium, ruthenium and iridium.

10 In a preferred embodiment of the present invention, an additional H,S suppressant
additive, i.e. a compound effective for the suppression of hydrogen sulfide emissions, is
included in the main catalyst layer (without necessarily being segregated therefrom) in
addition to the H,8S suppressant additive contained in a physically segregated layer or support
material.

15

Both the segregated and the non-segregated H,S suppression additi-ves, which may
be different compounds, are selected from the group consisting of BaO, CoQ, Fe,0,, MnQ,
and NiO, with NiO being most preferable.

20 In a preferred embodiment of the present invention, the additive is disposed as a

compound in a separate layer over the main catalyst layer.
Formation of Basic Catalyst Layer

25 The improved compositions of the present invention include either one or two catalyst

layers, but in all cases, the main catalyst layer is prepared by:

(a) preparing a first slurry containing a high temperature catalyst support material,

preferably including an unsegregated compound effective for the suppression of

psennzn SHEET
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sufficiently large particle size so as to prevent the catalyst support materiat from forming a

sol or a solution with the liquid medium of the first slurry;

(b) preparing a second slurry containing a low temperature catalyst support material,
wherein the low temperature catalyst support material is of sufficiently large particle size so
as to prevent the catalyst support material from forming a sol or a solution with the liquid

medium of the second slurry;

(c) forming a washcoat layer by blending the first and second slurries and applying
the blended slurries to a non-porous catalyst substrate that may be a refractory ceramic or
metal honeycomb structure or refractory particles such a spheres, petlets or short extruded

segments of a suitable refractory material;

(d) either before forming first and second slurries in (a) and (b) or after applying the
washcoat layer in (c), impregnating each of the catalyst support materials with a platinum
group metal selected from at least one of platinum, paliadium, rhodium, ruthenium and
iridium or a combination thereof. The most common selections are palladium alone or

combinations of rhodium with platinum or palladium or with palladium and platinum.

According to the present invention, the first slurry contains & high temperature
catalyst support material selected from the group consisting of ceria, perovskites, NiO, Pr,0,
and stabilized ceria, with Zr-stablilized ceria being most preferable, and may contain an
additional compound effective for the suppression of hydrogen sulfide sclected from the

group consisting of BaO, CoO, Fe,0,, MnO, and NiQ, with NiQ being most preferable.

The second slurry contains a low temperature catalyst support material that is either

stabilized or unstabilized alumina, La-stabilized alumina being preferred.

The catalyst support materials should not be in solution in the washcoat slurry or
present as very small particles as found in a sol (the order or magniture of the size of sol

particles being in the nanometer range). The catalyst support materials in the washcoat

AHIENDED SHEET
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slurry preferably should have a mean particle size of at least 1 micron, more preferably about
5 microns. However, if the particle size is too large (e.g. greater than 20 microns) there may

be difficulty in getting the washcoat to adhere to the substrate.

The proportions of the high temperature catalytic component and the low temperature
catalytic component required in the catalyst composition are determined by the respective
water absorption capablities of each catalyst support material and the respective amounts of

each catalyst suppport materia! present in the washcoat.

Preferably, the water absorption capabilities of the high temperature catalyst support
material and the low temperature catalyst support material are respectively about 0.2 to
1.0 ml/g and about 0.5 to 2.5ml/g.

The water absorption capabilities of the high temperature catalyst support material
and the low temperature catalyst support material are important to the method of making the
improved compositions because these water absorption capabilities relate not only to the
process for making the catalyst composition but also to the specification of the catalyst
formulation. The catalyst contains two oxide support materials, exemplified by Zr-stabilized
ceria and La-stabilized alumina, although unstabilized alumina may be used. The platinum
group metal (s) (exemplified by palladium) is split between the two oxide support materials.

In one embodiment of the invention, palladium is impregnated from an aqueous
solution into the washcoat consisting of a mixture of the two oxide support materials.
The way in which the palladium is split between the two oxides depends on the fraction of
the aqueous impregnation solution absorbed by the respective oxides. For example, if it is
required that 50% of the available palladium is to be supported on the La-stabilized alumina
then the washcoat would be formulated so that the water absorption of the Zr-stabilized ceria
in the catalyst composition, i.e. {ml water absorbed/g) x (g in catalyst), is equal to the water

absotption of the La-stabilized alumina in the catalyst composition.

—
7 SHEE:
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Thus, the tatio of the oxide support materials is specified by their relative water
absorptions and the absolute amounts of the oxide support materials is specified by the
amount of support needed in the catalyst composition (more specifically, for example, a
certain amount of Zr-stabilized ceria is needed for adequate performance). The desired split
of the palladium depends on the duty required of the catalyst composition. In some
applications, equal amounts of high temperature catalytic component and low temperature
catalytic components is required. In other applications, more high temperature compound

than low temperature compound is required (or vice versa).

For example, catalyst compositions having palladium splits ranging from (a) 27% of
Pd as PA/ZeCeQ, - 73% of Pd as Pd/LaALO, to (b) 73% of Pd as Pd/ZrCe(; - 27% of Pd as
Pd/LaAl;0, have been prepared according to the methods of the invention.

In an alternatvie method of making the catalyst composition, a portion of the total
palladium is impregated into a bulk form of the high temperature catalyst support material
(i.e., prior to slurry formation) and the remaining portion of the palladium is impregnated
into a bulk form of the low temperature catalyst support material also prior to the formation
of the washcoat slurry. Since the impregnated palladium is essentialiy insoluble in the
washcoat it remains associated with the oxide support materials in the final catalyst
composition. In this embodiment also, the ratio of the two oxide support materials is
chosen on the basis of their relative water absorptions and the desired split between the
palladium initmately associated with the Zr-stabilized ceria and the palladium intimately

associated with the La-stabilized alumina.
Modification of the Basic Catalyst with H,S Suppressant Additive

According to one embodiment of the present invention, a second washcoat layer
comprises a third slurry. This third slurry contains a particulate carrier material, such as La-
stabilized alumina and an additive effective for the suppression of hydrogen sulfide
emissions. The third slurry may be applied to the non-porous substrate either prior to

application of the washcoat layer formed in step (c) above, or following application to the

wﬂ\'\)ﬁ} GEE"
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nori-porous substrate of the washcoat layer formed in (¢} above, In the case of application
of the second layer after application of the first washcoat layer, the first layer is impregnated

with a platinum group metal before the second layer is applied.

In this embodiment, the additive is selected from the group consisting of BaQ, CoQ,
Fe,0,, MnO, and NiO, NiO being most preferable.

As with the first and second slurries, the solids in the third slurry should neither be

present as sols, nor in solution.

In an alternative embodiment of the present invention, an additive effective for the
suppression of hydrogen sulfide emissions and a hydrogen sulfide suppressant support
material are combined to form a separate physical structure which is then included in the
slurry formed in step (a) above. Prior to inclusion in the slury, the support material is
impregnated with the additive. The support material is selected from Al,0, and stabilized
ALQ,. Suitable stabilizers for alumina included La, Ba and Zr with La being preferred.

According to either of the methods of the present invention, a catalyst promoter may
be included with any of the catalyst layers. The catalyst promoter is a compound including
a metal preferably selected from the group consisting of Nd, Ba, Ce, La, Pr, Mg, Ca and Sr,
Nd and Ba being particularly suitable. The catatyst promoter may be added to the slurries,
as an insoluble compound such as barium sulfate or separately impregnated as a soluble

compound such as barium acetate, after formation of the layer or layers.

Comparative Example 1 - Prior Art Three-Way Catalyst Composition with H,S
Suppressant Material (NiQ) Unseprepated in Catalyst Layer

To form a single layer three-way catalyst composition, bulk NiO was slurried in water
at a composition of about 4% by weight solids and wet milled to 2 mean particle size of
about 6 microns. After the NiO slurry was wet milled; Zr-stabilized ceria with an incipient

wetness water absorption of about 0.5ml/g was added to the NiO slurry and the resulting

oo SR
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slurry was wet milled further to a mean particie size of about 5 microns to form shurry A
with a solids composition of about 65% by weight. Separately, La- stabilized alumina with
an incipient wetness water absorption of approximately 1.85ml/g was slurried in water ata
cemposition of about 40% by weight solids to form slurry B. Slurry B was then wet milied
1o a mean particle size of about 5 microns. Slurry A and slurry B were blended in the ratio
A:B=2.42:1 on a solids basis and adjusted to a solids composition of approximately 50% by
weight and coated on'a monolithic cordierite substrate by dipping. (The slurry blend could
also be coated on the substrate by passing it through a washcoat curtain.) After blowing off
the excess washcoat with compressed air, the coated substrate was then dried at 60°C and
calcined at 500°C in flowing air. The coated substrate was ixnprégnatecl with Pd:Rh:Nd:
from a PA(NO,),:Rh(NO,);:-Nd{NC,), solution which also contained 150g/1 citric acid.
After impregnating, the coated substrate was then dried at 60°C and calcined at 500°C in
flowing air. The coated, impregnated substrate was impregnated with barium, as a catalyst
promoter, from a barium acetate solution. The composite was then dried at 60°C and

calcined at 500°C in flowing air.

The total loading was 0.186g/cm® with a composition by weight of 23.0% La-
stabilized alumina, 52.5% Zr-stabilized ceria, 3.0% NiO, 7.0% Nd,0,, 13.4% Ba0O, and
0.99% Pd, and 0.11% Rh.

Comparative Example 2 - Prior Art Three-Way Catalyst Composition with a Higher
Proportion of H,S Suppressant Material (NiQ) Unsegregated in Catalyst Layer.

To form a single layer three-way catalyst composition, bulk NiO was sturried in water
at a composition of about 4% by weight solids and wet milled to a mean particle size of
about 6 microns. After the NiQ slurry was wet milled; Zr-stabilized ceria with an incipient
wetness water absorption of about 0.5ml/g was added to the NiO slurry and the resulting
sturry was wet milled further to a mean particle size of about 5 microns to form slurry A
with a solids composition of about 65% by weight, Separately, La-stabilized alumina with
an incipient wetness water absorption of approximately 1.85ml/g was slurried in water ata

composition of about 40% by weight solids to form slurry B. Slurry B was then wet milled

AMENDED ouEEY
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to a mean particle size of about 5 microns. Slurry A and slurry B were blended in the ratio
A:B=2.94:1 on a solids basis and adjusted to a solids composition of approximately 50% by
weight and coated on a monolithic cordierite substrate by dipping. (The slurry blend could
also be coated on the substrate by passing it through a washcoat curtain.) After blowing off
the excess washcoat with compressed air, the coated substrate was then dried at 60° C and
caleined at 500°C in flowing air. The coaled, impregnated substrate was impregnated with
Pd:Rh:Nd as above and with barium, as a catalyst promoter, from a barium acetate solution.

The composite was then dried at 60°C and calcined at 500°C in flowing air.

The total loading was 0.208g/cm’ with a composition by weight of 20.5%
La-stabilized alumina, 46.9% Zr-stabilized ceria, 13.5% NiQ, 6.3% Nd,0;, 11.9% Ba0, and
0.90% Pd, and 0.10% Rh.

Example 1 - Three-Way Catalyst with H,S Suppressant in Separate Layer on Top of Catalyst
Layer.

To form a twao layer three-way catalyst composition, bulk NiO was slurried in water
at a composition of about 4% by weight solids and wet milled to a mean particle size of
about 6 microns. After the NiQ slurry was wet milled; Zr-stabilized ceria with an incipient
wetness water absorption of about 0.5%ml/g was added to the NiO slurry and the resulting
slurry was wet milled further to 4 mean particle size of about 5 microns to form slurry A
with a solids composition of 65% by weight. Separately, La-stabilized alumina with an
incipient wetness water absorption of approximately 1.85 mi/g was slurried in water at &
composition of about 40% by weight soilds to form slurry B. Shurry B was then wet milled
to a mean particle size of about 5 microns. Slurry A and slurry B were blended in the ratio
A:B=242:1 on a solids basis and adjusted to a solids composition of approximately 50% by
weight and coated on a monolithic cordierite substrate by dipping. (The slurry blend could
also be coated on the substrate by passing it through a washcoat curtain.) After blowing off
the excess washcoat with compressed air, the coated substrate was then dried at 60°C and

calcined at 500°C in flowing air. The coated substrate was impregnated with Pd:Rh:Nd from

. a Pd(NO,);:Rh(NO,);:Nd(NO;), solution which also contained 150g/l citric acid.

AMENRTT SHEFT
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After impregnating, the coated substrate was then dried at 60°C and calcined at 500°C in

flowing air.

A second washcoat layer was then prepared by co-milling a La-stabilized alumina
and NiO in a single slurry with La-stabilized alumina:NiO=1.72:1 in a slurry with a solids
composition of approximately 30% by weight. After milling to a particle size of
approximately 5 microns, the second washcoat layer was applied to the substrate containing
the first layer. The coated substrate was then dried at 60°C and calcined at S00°C in flowing
air. Barium was impregnated from a barium acetate solution. The coated substrate was then

dried at 60°C and calcined at 500°C in flowing air.

The bottom (first) layer loading was 0.161g/cm® with a composition by weight of
26.5% La-stabilized alumina, 60.6% Zr-stabiiized ceria, 8.1% Nd,0, 3.5% NiO, and
1.17%Pd, 0.13%Rh. The top (second) layer loading was 0.085g/cm’ with a composition by
weight of 44.7% La-stabilized Al,0;, 29.1% BaQ), and 26.2% NiQ. The total loading was
0.241g/cm® with a composition by weight of 32.9% La-stabilized alumina, 39.6% Zr-
stabilized ceria, 5.2% Nd,0;, 10.0% BaO, 11.4% NiO, and 0.81% Pd and 0.09%Rh.

Example 2- Three-Way Catalyét with Additional H,S Suppressant in Catalyst Layer

To form a single layer three-way catalyst composition with additional H,8 emission
suppressant additive, ALO,/NiQ powder was prepared by an incipient wetness impregnation
procedure. More specifically, La-stabilized alumina was impregnated with an aqueous
solutioﬁ of nickel (II) nitrate to a ratio of 0.385g Ni/g La-stabilized alumina.
After impregnating the La-stabilized alumina with the nickel solution, the powder was dried
avernight at 65°C in flowing air and ground in a mortar and pestle. Finally, the powder was
heated in air to 500°C for 2 hours to completely decompose the nickel(Il) nitrate and form

NiQ/La-stabilized alumina,

A washcoat shurry was formed by first milling NiO and NiO/La stabilized alumina

in water at a solids composition of about 45% by weight to a particle size of about

REEENIDLEY SMEEY
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6 microns. Zr-stabilised ceria was then added to form slurry A such that the NiO:NiO/La-
stabilized alumina:Zr-stabilized ceria ratio was 0.08:1:1,43, Slumry A, which had a solids
composition of approximately 65% by weight, was milled further to a particle size of
approximately 5 microns. A La-stabilized alumina shurry, slurry B, with solids composition
of approximately 40% was milled to a particle size of 5 microns. Slurry A and slurry B were
then blended in a 4.0:1 ratio on a solids basis and the slurry was adjusted to a solids
composition of approximately 50% by weight and coated on a monolithic cordierite
substrate by dipping.  After blowing off the excess washcoat with compressed air, the
coated substrate was then dried at 60° and calcined at 500°C in flowing air. The coated
substrate then was again impregnated with Pd:Rh:Nd and barium, this time from a barium

-acetate solution. The composite was then dried at 60°C and calcined at 500°C in flowing air.

The total loeding was 0.254g/cm’® with a composition by weight of 16.7%
La-stabilized alumina, 38.5% Zr-stabilized ceria, 2.2% NiQ, 26.9% NiO/La-stabilized
alumina, 5.1% Nd,0,, 9.8% BaQ, and 0.72% Pd, and 0.08% Rh.

Example 3 - Catalyst Testing with Additional H,S Suppressant

For each catalyst formulation described in the preceding Examples, a sample was
placed in a laboratory reactor and stabilized in an SO, containing synthethic exhaust which
contained more than the stoichiometric amount of oxygen ("lean") at an inlet temperature
of 600°C. Each catalyst tested had an identical size and shape. Afier stabilization, the
catalyst was subjected to four consecutive cycles in which the catalyst was exposed to a lean
SO, containing exhaust for 15 minutes followed by a 5 minute condition in which the SO,
containing synthetic exhaust contained less than the stoichiometric amount of oxygen

{"rich"). Upen exposure to the rich condition, an amount of H,§ was emitted from the

. catalyst which depended on the composttion and preparation of the catalyst. The peak H,S

concentration emitted from each catalyst during the rich portion of the fourth cycle is listed
in Table 1.
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Also, for each catalyst formulation described in the preceding Examples, a separate
sample was aged on an engine dynamometer cycle which simulates 160,000 km of road
aging. The engine dynamometer cycle had inlet temperatures ranging from 850°C to 1000°C
and had a duration of 120 hours. After this aging the catalyst was fixed o a test engine
dynamometer and the hydrocarbon (HC), carbon monoxide (CO), and nitrogen oxide (NO,)
removal efficiencies were measured at various air/fuel ratios with a catalyst inlet exhaust
-temperatrue of 450°C. At an air/fue] near the stoichiometric, point, the CO and NO,
efficiencies are equal and this efficiency is referred to as the CO/NO, crossover point
(COP), The COP for each catalyst after aging is also reported in Table 1 along with the HC
efficiency at the same air/fuel ratio at which the COP occurs. The COP and HC efficiencies

 represent the Three-Way Catalyst activities for each Example.

In this way, the catalysts produced in the Comparative Examples and Examples
described above were compared with respect to hydrogen sulfide emission with fresh
catalyst and three-way catalyst activity after extended high temperature aging. Referring
first to Comparative Examples 1 and 2, the data in the Table below indicates that higher H,S
suppressant (NiO) loading reduces H,S emission in prior art catalysts but at significant cost
in three-way catalyst activity after extended high temperature aging.

This is not true of the catalyst of the present invention shown by Examples 1 and 2,
in which the extra H,S suppressant is disposed either in a separate layer from the catalyst
layer (as in Example 1) or separately disposed on its own carrier material (as in Example 2).
In these cases, as shown by the data in the Table below (and as shown by other data when
the additional H,S suppressant is in an underlayer relative to the catalyst layer), relatively
high three-way catalyst activity is maintained even after extended high temperature aging,

while low H,S generation is also maintained.
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Table 1

Peak H,S (ppm)  Aged COP Eff. (%) HCEff. at COP

air/ fuel
Catalyst
Comparative Ex.] 125 87 89
Comparative Ex.2 18 64 85
Example 1 18 88 87
Example 2 21 86 85

More specifically, Comparative Example 1 has high Three-Way Catalyst activity
and high H,S emissions and Comparative Example 2 has low H,S emissions but low TWC
activity. However, both Example 1 and Example 2, which are representative of the present

invention, have the advantage of combined high TWC activity and low H,S emissions.
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CLAIMS

1. A platinum group metal three-way catalyst composition comprising:-

(2) 2 high temperature catalyst support material;

(b} a low temperature catalyst support material;

(c) at least one platinum group metal;
said () (b) and (c) being diéposed in a single catalytic layer on a non-porous catalyst support
substrate, said composition also including an additive effective for the suppression of
hydrogen sulfide emissions, said additive being disposed in a separate layer either under or
over said catalytic layer or in the same layer as said catalytic layer, wherein when said
additive is disposed in the same layer as said catalytic layer said additive is disposed in a
physical structure comprising alumina or stabilized alumina that is segregated from the

remaining components in said layer.

2. A composition according to claim 1, wherein
(@) said high temperature catalyst support material is selected from the group
consisting of ceria, perovskites, MnO,, NiO, Pr,0;, and stabilized ceria;
(b) said low temperature catalyst support material is either stabilized or unstabilized
alumina;
(c) said platinum group metal is selected from at least one of platinum, palladium,

rhodium, ruthenium and iridium.

3. A composition according to claim 2, wherein
(a) said high temperature catalyst support material is Zr-stabilized ceria;

(b} said low temperature catalyst support material is La-stabilized alumina.

4, A composition according to any one of the preceding claims wherein when said
addition 1s disposed in a separate layér either under or over said catalytic layer the hydrogen
sulphide suppressant suuport material is selected from the group consisting of ALQ,, ZrO,,
8i0, TiO, and La-stabilized Al,O,.
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5. A composition according to any one of the preceding claims wherein the additional

additive effective for the suppression of hydrogen sulphide is selected from the group
consisting of BaO, Co0, Fe,0;, MnO, and NiQ.

5 6. A method of making a platinum group metal three-way catalyst composition

comprising the steps of;

(a) preparing a first shurry containing a high temperature catalyst support marerial,
wherein said high temperature catalyst support material is of sufficiently large
10 particle size so as to prevent said catalyst support material from forming a sol or a

solution with the liquid medium of said first slurry;

(b) preparing a second shury containing a low temperature catalyst support material,
wherein said low temperature catalyst support material is of sufficiently large
15 particle size so as to prevent said catalyst support material from forming a sol or a

solution with the liquid medium of said second slurry;

(c) forming a first washcoat layer by blending said first and second slurries and

applying said blended slurries to a non-porous catalyst support substrate;

20
(d) impregnating each said catalyst support material with at least one platinum group
metal either before or after forming said first washcoat layer;
(e) forming a second washcoat layer from a third slurry, wherein said
25 third slurry contains a H,S suppressant support material and an additive effective for

the suppression of hydrogen sulfide emissions and applying said second washcoat

layer to said non-porous catalyst support substrate.

7. Amethod according to ¢laim 6, wherein said second washeoat slurry contains a H,S

30  suppressant support material comprising alumina or stabilized alumina and is combined with

AMERDED SHEET
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said first and second slurries and said three slurries are applied together ta said cata]jst

support substrate.

8. Amethod according to claim 6, wherein said second washcoat layer contains a H,S
suppressant support material selected from the group consisting of Al,O,, ZrO,, 8i0, TiO,
and La-stabilized Al,O, and is applied on said non-porous catalyst substrate prior o

application of said first washcoat layer.

9. A method according to claim 6, wherein said second washcoat layer contains a H,S
suppressant support materia] selected from the group consisting of AL,O;, ZrO,, Si0, TiO,
and La-stabilized Al,O, and is applied after application of said first washcoat layer to said

non-porous catalyst substrate.

10. A method according to any one of claims 6 to 9 wherein
(a) said high temperature catalyst support material is Zr-stabilized ceria;

(b) said Jow temperature catalyst suppert material is La-stabilized alumina.
11. A method according to any one of claims 6 to 10 wherein said additive effective for

the suppression of hydrogen sulfide emissions is selected from the group consisting of BaO,
Co0, Fe,0,, MnQ, and NiO.
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