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METHOD AND COMPOSITION

Field of the Invention

The present invention relates to a method of preparing a catalyst article for
treating exhaust gas generated by power generating apparatus such as an engine or a
turbine, in particular, natural gas fueled engines and turbines. The invention further

relates to a washcoat composition suitable for use in such a method.

Background of the Invention

In normal operation, natural gas fuelled turbines and engines generate
significant amounts of carbon dioxide (CO3), water, carbon monoxide (CO), volatile
organic compounds (VOCs), such as formaldehyde, and oxides of nitrogen (NOx) as
part of the combustion process.

Recent environmental regulations have increased the emphasis on the
importance of reducing the levels of partially burned fuel constituents from the exhaust
of such turbines and engines. These regulated exhaust emissions include carbon
monoxide (CO) and formaldehyde (CH>O).

Catalytic converters may be employed for the treatment of emissions from such
engines. A catalytic converter converts such emissions in the exhaust gases to less
harmful substances before they are emitted to the atmosphere. Catalytic converters
typically comprise a suitable substrate coated with a catalytically active material.

In the production of a coated catalyst, a composition known as a “washcoat” is
applied to a substrate (e.g. a ceramic monolith). The washcoat may take the form of a
solution, slurry or suspension of catalytic material in a liquid medium. Once coated
onto the substrate, the washcoat typically undergoes a calcination step, to remove the
liquid medium and to fix the catalytically active material to the substrate.

Known catalysts suitable for catalysing the oxidation of CO and formaldehyde
typically employ one or more platinum group metals (PGMs) supported on a suitable
catalyst support. The catalyst support may be a high surface area refractory metal oxide
such as alumina or silica. However, known oxidation catalysts may deactivate over
time. Further, certain components present in fuel or lubricating oils may lead to
poisoning of the catalyst. For example, in the operation of two-stroke engines, sulfur in

the exhaust stream deriving from engine oil is a major contributor to catalyst poisoning.
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There remains a need for improved oxidation catalysts, in particular, for use in
the treatment of CO and formaldehyde emissions from natural gas fueled engines and

turbines.

Summary of the Invention

According to an aspect of the present disclosure, there is provided a method of
preparing a catalyst article comprising:

(a) preparing a washcoat composition by combining at least the following

components:

e a support material comprising a mixed oxide, a mixture of oxides or a
molecular sieve comprising (i) alumina and (ii) silica and/or zirconia,;

e ametal oxide sol comprising at least one of titania, silica or zirconia,

e aliquid medium;

(b) applying the washcoat composition to a substrate to form a washcoating;
and

(¢) drying and/or calcining the washcoating;

wherein the method further comprises a step of impregnating the support material
with a platinum group metal component.

According to a further aspect of the present disclosure, there is provided a
washcoat composition comprising:

e a support material comprising a mixed oxide, a mixture of oxides or a
molecular sieve comprising (i) alumina and (ii) silica and/or zirconia, which
support material is optionally impregnated with a platinum group metal
component;

e ametal oxide sol comprising at least one of titania, silica or zirconia,

e aliquid medium.

Advantageously, it has been found that catalysts prepared according to the
method described above may provide improved CO and/or formaldehyde oxidation
stability (i.e. maintained activity over time). Further, improved and/or comparable
oxidation activity compared to known catalysts may be achieved whilst using lower
amounts of PGM. Further still, improved tolerance to catalyst poisons, in particular,

improved sulfur tolerance may be achieved.
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Furthermore, catalysts prepared according to the method described herein
using may find application in other stationary emissions control applications, for
example, in the treatment of exhaust gases from industrial processes or in indoor air
treatment systems. In particular, a catalyst article prepared according to the method of
the present invention may be useful in the decomposition of ozone (O3) present in gas

streams.

Brief Description of the Drawings

Fig. 1 is a graph showing the CO oxidation activity achieved by a catalyst
article prepared according to the method of the present disclosure compared to that
achieved by a prior art catalyst.

Fig. 2 is a graph showing the CO oxidation activity achieved by a comparative
catalyst article.

Fig. 3 is a graph showing the CO oxidation activity achieved by a catalyst

article prepared according to the method of the present disclosure.

Detailed Description

The present disclosure will now be described further. In the following passages
different aspects/embodiments of the disclosure are defined in more detail. Each
aspect/embodiment so defined may be combined with any other aspect/embodiment or
aspects/embodiments unless clearly indicated to the contrary. In particular, any feature
indicated as being preferred or advantageous may be combined with any other feature
or features indicated as being preferred or advantageous.

Further, the term “comprising” as used herein can be exchanged for the
definitions “consisting essentially of” or “consisting of”. The term “comprising” is
intended to mean that the named elements are essential, but other elements may be
added and still form a construct within the scope of a claim. The term “consisting
essentially of” limits the scope of a claim to the specified materials or steps and those
that do not materially affect the basic and novel characteristic(s) of the claimed
invention. The term “consisting of”” closes the claim to the inclusion of materials other

than those recited except for impurities ordinarily associated therewith.
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The washcoat composition may be prepared by combining the required
components and any optional additives. The combination of components may be carried
out by mixing, for example by stirring. Preferably, the components are mixed such that
the washcoat composition is substantially uniform (e.g. homogeneous), that is, the
distribution of components throughout the washcoat is substantially even.

The support material comprises a mixed oxide, a mixture of oxides or a
molecular sieve comprising (i) alumina and (ii) silica and/or zirconia. Preferably, the
support material is a mixed oxide. The term “mixed oxide” as used herein refers to a
mixture of oxides in a single phase. For example, the mixed oxide material may be a
silica-alumina mixed oxide or a zirconia-alumina mixed oxide. Alternatively, the
support material may be an aluminosilicate molecular sieve (zeolite).

Preferably, the support material is a silica-alumina mixed oxide. The silica-
alumina mixed oxide may have a silica content in the range 1 to 40 wt%, 2 to 35 wt%,
5to 35 wt% or 5 to 30 wt%. For example, the silica-alumina mixed oxide may have a
silica content in the range 2 to 10 wt%, such as about 5 wt%. Alternatively, the silica-
alumina mixed oxide may have a silica content in the range 25 to 40 wt%, such as about
30 wt%.

In general, the support material for use in the present invention is in particulate
form. The support material may have a D90 particle size of <50 um, <30 um, <20 pum
or <10 um. The particles may be obtained by milling.

The term “D90 particle size” as used herein refers to particle size distribution.
A value for D90 particle size corresponds to the particle size value below which 90%,
by volume, of the total particles in a particular sample lie. The D90 particle size may
be determined using a laser diffraction method (e.g. using a Malvern Mastersizer 2000).

The quantity of the support material present in the washcoat composition may
be selected to provide a loading of support material in the final catalyst article of 0.5 to
4 gfin®, preferably 1 to 2 g/in®. This is well within the capabilities of the skilled person.

The term “loading” as used herein and by convention defines a concentration
quantity of a component present in a catalyst layer on a substrate. The units of loading
are generally expressed in g/ft’ or g/in® and relate to the volume of the substrate that is
used.

The step of impregnating the support material with a platinum group metal
component may be carried out prior to combination of the support material with the

other components of the washcoat (i.e. prior to step (a) of the method described herein).
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For example, the impregnation may be carried out by contacting the support material
with an impregnation solution comprising the platinum group metal component. The
impregnated support material may be dried and/or calcined prior to its combination with
the other components of the washcoat composition.

Alternatively, the support material may be impregnated with a platinum group
metal component subsequent to step (a) and prior to step (b). For example, the washcoat
composition prepared in step (a) may be blended with an impregnation solution prior
to its application onto a substrate in step (b).

Alternatively, the support material may be impregnated with a PGM
component subsequent to step (c¢) of the method, whereby the impregnation may be
carried out by contacting the substrate with an impregnation solution comprising the
platinum group metal component. Contact of the washcoated substrate with the
impregnation solution may be effected by applying an impregnation solution to the
substrate (e.g. on top of the dried and/or calcined washcoating) to form a second
coating. Thus, the method may further comprise steps: (d) applying an impregnation
solution to the substrate to form a second coating, wherein the impregnation solution
comprises the platinum group metal component; and (e) drying and/or calcining the
second coating.

The impregnation solution may be an aqueous solution of the platinum group
metal component.

The platinum group metal component may be a salt of a platinum group metal
(PGM). In particular, the platinum group metal component may be a nitrate salt of a
PGM, an acetate salt of a PGM or a carboxylate salt of a PGM. The PGM may be
ruthenium (Ru), thodium (Rh), palladium (Pd), osmium (Os), iridium (Ir), platinum (Pt)
or mixtures thereof. Preferably, the PGM is platinum, palladium or a mixture of
platinum or palladium. More preferably, the PGM is platinum. Suitable platinum group
metal components include a platinum nitrate or a platinum acetate, such as tetraammine
platinous acetate.

The quantity of platinum group metal component employed may be chosen
such that the final catalyst layer formed on the substrate comprises a platinum group
metal loading in the range 1 to 100 g/ft’ of platinum group metal, for example, 4 to 90
g/ft’, 8 to 50 g/ft’, or 20 to 35 g/ft’.

The above described drying steps may be carried out at temperatures of less than

120°C, for example, at a temperature of about 100°C. Calcination steps may be carried

5
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out at temperatures up to 550°C, preferably in the range 450 to 550°C, for a period of
up to 3 hours, preferably from 30 minutes to 2 hours.

The metal oxide sol comprises at least one of titania, silica or zirconia. As used
herein, the term “metal oxide sol” refers to a colloid comprising a particulate metal
oxide having a BET surface area of at least 100 m?/g dispersed in a continuous liquid
medium. Preferably, the metal oxide sol is a titania sol (i.e. a colloid comprising
particulate titania having a specific surface area of at least 100 m?/g dispersed in a
continuous liquid medium).

The liquid medium of the metal oxide sol may be aqueous.

The metal oxide of the metal oxide sol may have a BET surface area of > 100
m?/g, > 150 m?*/g, > 200 m*/g, > 250 m*/g or > 300 m?%/g.

The metal oxide sol may be a titania sol, in which the titania has a BET surface
area of > 250 m?%/g or > 300 m?%/g.

The metal oxide sol may be acidic or basic. Preferably, the metal oxide sol is
acidic. For example, the metal oxide sol may have a pH of in the range 0.5 to 5, such
as 0.5to3 or0.5to 2.

The metal oxide particles of the sol may have a D50 particle size of <1 microns,
for example < 0.5 microns or < 0.2 microns. The metal oxide particles of the sol may
have a D90 particle size of <5 microns, for example <2 microns, < 1 microns or <0.5
microns.

The term “D50 particle size” as used herein refer to particle size distribution. A
value for D50 particle size corresponds to the particle size value below which 50%, by
volume, of the total particles in a particular sample lie. The D50 particle size may be
determined using a laser diffraction method (e.g. using a Malvern Mastersizer 2000).

The quantity of metal oxide sol employed may be chosen such that the final
catalyst layer formed on the substrate comprises a loading of the metal oxide of up to
2.5 g/in’, for example <2 g/in’, <1 g/in’, <0.5 g/in’ or < 0.2 g/in’.

The washcoat composition further comprises a liquid medium, in which the
other components are suspended or solvated. The liquid medium may be aqueous, for
example, the liquid medium may be water. Preferably, the liquid medium consists
essentially of water. That is the liquid medium contains water but may also contain
minor non-aqueous (e.g. organic or inorganic) impurities. The water may be deionised

or demineralised water.
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The washcoat composition may have a solids content of up to 50 wt%. By
“solids content” it is meant the proportion of solid material present in the washcoat
composition based on the total weight of the composition. The solids content of the
washcoat composition is preferably in the range 20 to 40 wt%, more preferably in the
range 30 to 35wt%.

The washcoat composition may have an acidic pH. For example, the pH of the
washcoat may be <7 or < 5. For example, the washcoat composition may have a pH of
about 3.

The washcoat composition may have a viscosity in the range 100-1000
centipoise.

The washcoat composition may further comprise organic additives such as
rheology modifiers, dispersants and/or other additives.

The relative quantities of each component employed in the washcoat
composition may be selected such that the washcoat has the desired solids content.

Preferred substrates include flow-through monoliths having a so-called
honeycomb geometry that comprise multiple adjacent, parallel channels that are open
on both ends and generally extend from the inlet face to the outlet face of the substrate
and result in a high-surface area-to-volume ratio. The catalyst composition is coated
onto the walls of the channels such that, in use, the exhaust gas contacts the catalyst as
it flows through the channels.

The monolith substrate may be an inert substrate. The substrate may be
composed of a ceramic material or a metallic material. For example, the substrate may
be made or composed of cordierite (Si02-Al,03-MgO), silicon carbide (SiC), Fe-Cr-Al
alloy, Ni-Cr-Al alloy, aluminum titanate or a stainless-steel alloy.

The shape, size and cell density of the honeycomb substrate is typically selected
to optimise exposure of the catalytically active materials in the catalyst article to the
exhaust gas in use. For example, where the intended use of the catalyst article is in the
treatment of emissions from a natural gas fueled internal combustion engine (such as a
two-stroke reciprocating engine), the substrate may be cylindrical or substantially
cylindrical in shape, having a diameter in the range 20 to 40 inches. The cell density
may be in the range 100 to 400 cpsi (cells per square inch) or 200 to 400 cpsi, for
example about 300 cells per square inch.

Alternatively, where the intended use of the catalyst article is in the treatment

of emissions from gas turbines, the substrate may be square or rectangular in cross
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section. Typically, in such an application, multiple washcoated substrates are stacked
side by side in a grid formation to fill a flue duct. Such substrates may have a cross
sectional area of about 24 x 24 inches and a depth of about 3.5 inches. The cell density
may be in the range 100 to 400 cpsi, for example 200-300 cpsi.

One method of applying a washcoating to a honeycomb substrate involves
positioning the substrate such that the channels have a substantially vertical
orientation, applying washcoat composition to a first face of the substrate (e.g. an
upper face) and subjecting an opposite, second face (e.g. a lower face) of the substrate
to at least a partial vacuum to achieve movement of the washcoat composition through
the channels. The monolith substrate may be coated in a single dose wherein washcoat
may be applied to the substrate in a single step with the substrate remaining in a single
orientation. Alternatively, the substrate may be coated in two doses. For example, in a
first dose the monolith substrate is in a first orientation with a first face uppermost and
a second face is lowermost. A coating is applied to the first face and coats a portion of
the length of the substrate. The substrate is then inverted so that the second face is
uppermost. A coating is then applied to the second face in order to coat the portion of
the substrate that was uncoated by the first dose. WO 99/47260 describes a general
method for coating a monolithic substrate.

Other methods of coating the substrate include immersing the substrate in the
washcoat composition or passing the substrate through a curtain or waterfall of the
washcoat composition. Compressed air may be employed to blow the fluid into and
through the substrate, ensuring coating of the cells and also ensuring that there are no
or practically no blocked cells.

Where the method further comprises steps (d) and (e) defined above,
application of the impregnation solution to the substrate to form a second coating may

be carried out in an analogous manner to application of the washcoating in step (b).

The present disclosure further provides a catalyst article obtained or obtainable
by the method described above or using the washcoat composition described above. In
particular, such a catalyst article comprises a substrate having a layer of catalytic
material coated thereon. The catalytic material may comprise a support material
impregnated with a PGM component, wherein the support material comprises a mixed
oxide, a mixture of oxides or a molecular sieve comprising (i) alumina and (i) silica

and/or zirconia; and a metal oxide having a BET surface area of at least 100 m%/g, at
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least 150 m?%/g, at least 200 m*/g, at least 250 m?/g or at least 300 m?*/g wherein the
metal oxide comprises at least one of titania, silica or zirconia. Preferably, the support

material is a silica-alumina mixed oxide and the metal oxide is titania.

The catalyst article obtainable by the above process may be employed in the
treatment of an exhaust gas from an internal combustion engine (such as a diesel
engine or a natural gas or methanol fueled internal combustion engine) or a gas
turbine. In particular, the catalyst article may be used to reduce formaldehyde and/or
carbon monoxide emissions from a natural gas fueled internal combustion engine or a
natural gas fueled turbine. Additionally, the catalyst article may be used in the

decomposition of ozone (O3) present in exhaust gases or air streams.

Examples

The invention will now be further described with reference to the following

examples, which are illustrative, but not limiting of the invention.

e Comparative Example 1

Alumina powder was slurried in water and milled to a d50 < 10 micron. The slurry
had a solids content of < 50% and a pH of <7. The slurry was applied as a washcoat
to a 200 cells per square inch (cpsi) metallic honeycomb monolith substrate. The
coated substrate was dried and then calcined at a temperature of 525°C. An
impregnation solution was prepared with tetraammine platinous acetate. The
impregnation solution was coated onto the washcoated metallic substrate and dried.
The impregnated coated substrate was then calcined at 525°C. The resulting catalyst

had a total PGM loading of 8.25 g ft? Pt. The alumina loading was 1.6 g/in”,

e Example 2

An alumina-silica (70% alumina, 30% silica) mixed oxide powder was slurried in
water and milled to a d50 < 10 micron. The slurry had a solids content of less than 50
% and a pH of less than 7. A titania-sol having a surface area of > 300 m*/g, a pH of
about 1, D50 and D90 particle sizes of < 0.2 microns and < 0.5 microns respectively
and a TiO; content of approximately 20 wt% was added to the washcoat and mixed
for 1 hour with a high shear mixer. The resulting slurry was then applied as a

washcoat to a 200 cpsi metallic honeycomb monolith substrate and dried. An
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impregnation solution was prepared comprising platinum nitrate in acidic solution.
The impregnation solution was applied to the washcoated metallic substrate and dried.
The impregnated coated substrate was then calcined at 525°C. The resulting catalyst
had a total PGM loading of 8.25 g ft”* Pt. The alumina-silica loading was 1.6 g/in™
and the titania loading was 0.178 g/in>.

e Comparative Example 3

An alumina-silica (70% alumina, 30% silica) mixed oxide powder was slurried
in water and milled to a d50 < 10 micron. The slurry had a solids content of less than
50 % and a pH of less than 7. The resulting slurry was then applied as a washcoat to a
200 cpsi metallic honeycomb monolith substrate and dried. An impregnation solution
was prepared comprising platinum nitrate in acidic solution. The impregnation
solution was applied to the washcoated metallic substrate and dried. The impregnated
coated substrate was then calcined at 525°C. The resulting catalyst had a total PGM

loading of 8.25 g {t-3 Pt. The alumina-silica loading was 0.8 g/in-3.

e Example 4

An alumina-silica (70% alumina, 30% silica) mixed oxide powder was slurried
in water and milled to a d50 < 10 micron. The slurry had a solids content of less than
50 % and a pH of less than 7. A titania-sol having a surface area of > 300 m?%/g, a pH
of about 1, D50 and D90 particle sizes of < 0.2 microns and < 0.5 microns
respectively and a TiO, content of approximately 20 wt% was added to the washcoat
and mixed for 1 hour with a high shear mixer. The resulting slurry was then applied
as a washcoat to a 200 cpsi metallic honeycomb monolith substrate and dried. An
impregnation solution was prepared comprising platinum nitrate in acidic solution.
The impregnation solution was applied to the washcoated metallic substrate and dried.
The impregnated coated substrate was then calcined at 525°C. The resulting catalyst
had a total PGM loading of 4 g ft-3 Pt. The alumina-silica loading was 1.6 g/in-3 and
the titania loading was 0.178 g/in-3.

e (Carbon Monoxide Oxidation Activity

Identical volume (1.0 x 3.5 inches) core samples were taken from the catalyst

articles prepared in each of the above Examples and tested in a synthetic catalytic
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activity test (SCAT) apparatus using the following inlet gas mixture at selected inlet
temperatures: SOppm CO, 20ppm NO, 15ppm CI propene, 15%0:, 8%H:0, 3% CO:
and balance N at 200,000 hr-1 GHSV. The catalyst samples were tested both in a fresh
condition and after hydrothermal sulfur ageing (25ppm SO, 15%0,, 8%H>0, 3%CO;
and balance N, at 250°C for 24 hours).

The results relating to Comparative Example 1 and Example 2 are shown in
Fig. 1. Fig. 1 compares the CO conversion rate achieved by the catalyst articles of
Examples 1 and 2 at selected inlet temperatures.

The results relating to Comparative Example 3 and Example 4 are shown in
Figs. 2 and 3. Fig. 2 compares the CO conversion rate achieved by the catalyst article
of Comparative Example 3 at selected inlet temperatures. Fig. 3 compares the CO
conversion rate achieved by the catalyst article of Example 4 at selected inlet
temperatures.

As demonstrated by the data shown in Fig. 1, whilst both catalyst articles
achieve comparable CO oxidation rates in a fresh condition, after sulfur-ageing the
CO oxidation activity of the catalyst article prepared in Example 2 is significantly
improved compared to the catalyst article of Example 1.

As demonstrated by the data shown in Figs. 2 and 3, in both fresh and aged
conditions, the catalyst article of Example 4 provides comparable or improved CO
oxidation rates compared to the catalyst article of Comparative Example 3, despite the

PGM loading being significantly reduced.

Further aspects and embodiments of the present disclosure are set out in the

following numbered clauses:

Clauses:

1. A method of preparing a catalyst article comprising steps:
(a) preparing a washcoat composition by combining at least the following
components:
e a support material comprising a mixed oxide, a mixture of oxides or a
molecular sieve comprising (i) alumina and (ii) silica and/or zirconia,;
e ametal oxide sol comprising at least one of titania, silica or zirconia,

e aliquid medium;

11
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10.

(b) applying the washcoat composition to a substrate to form a washcoating;
and
(¢) drying and/or calcining the washcoating;
wherein the method further comprises a step of impregnating the support material

with a platinum group metal component.

A method as defined in clause 1, wherein step (a) comprises mixing the components

together via stirring.

A method as defined in clause 1 or 2, wherein the support material comprises a

mixed oxide.

A method as defined in clause 1 or 2, wherein the support material is a silica-
alumina mixed oxide, a zirconia-alumina mixed oxide or an aluminosilicate

molecular sieve.

A method as defined in any preceding clause wherein the support material is a

silica-alumina mixed oxide.

A method as defined in clause 5, wherein the silica-alumina mixed oxide has a

silica content in the range 1 to 40 wt%, 2 to 35 wt%, 5 to 35 wt% or 5 to 30 wt%.

A method as defined in any of clauses 1 to 5, wherein the silica-alumina mixed

oxide has a silica content in the range 2 to 10 wt%.

A method as defined in clause 7, wherein the silica-alumina mixed oxide has a silica

content of about 5 wt%.

A method as defined in any of clauses 1-5, wherein the silica-alumina mixed

oxide has a silica content in the range 25 to 40 wt%.

A method as defined in clause 9, wherein the silica-alumina mixed oxide has a

silica content of about 30 wt%.

12
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11.

12.

13.

14.

15.

16.

17.
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A method as defined in any preceding clause, wherein the support material has a

D90 particle size of <50 um or <30 pum.

A method as defined in any preceding clause, wherein the quantity of support
material employed in step (a) is selected such that the catalyst article prepared

comprises a support material loading in the range 0.5 to 4 g/in’, preferably 1 to 2

g/in’.

A method as defined in any preceding clause, wherein the support material is
impregnated with PGM component prior to step (a) by contacting the support
material with an impregnation solution, wherein the impregnation solution

comprises the PGM component.

A method as defined in any of clauses 1 to 13, wherein the support material is
impregnated with PGM component subsequent to step (a) and prior to step (b) by
blending the washcoat composition formed in step (a) with an impregnation solution

comprising the PGM component.

A method as defined in any of clauses 1 to 13, wherein the support material is
impregnated with platinum group metal component subsequent to step (c) by
contacting the substrate with an impregnation solution, wherein the impregnation

solution comprises the platinum group metal component.

A method as defined by any of clauses 1 to 13, wherein the support material is
impregnated with platinum group metal component subsequent to step (¢), and the
method further comprises:
(d) applying an impregnation solution to the substrate to form a second coating,
wherein the impregnation solution comprises the PGM component; and

(e) drying and/or calcining the second coating.
A method as defined in any of the preceding clauses, wherein the platinum group

metal component comprises platinum, palladium or a mixture of platinum and

palladium.
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25.
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27.
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. A method as defined in clause 17, wherein the platinum group metal component

comprises platinum.

A method as defined in clause 18, wherein the platinum group metal component is

a platinum nitrate or a platinum acetate.

A method as defined in any of clauses 13 to 16, or any of clauses 17 to 19 when
dependent on any of clauses 13 to 16, wherein the impregnation solution is an

aqueous solution of the platinum group metal component.

A method as defined in any preceding clause wherein the quantity of platinum
group metal employed in the impregnation step is selected such that the catalyst
article prepared comprises a platinum group metal loading in the range 1 to 100

g/ft’, 410 90 g/ft’, 8 to 50 g/ft’ or 20 to 35 g/ft>.

A method as defined in any preceding clause, wherein in step (c) the washcoating

is dried at a temperature of less than 120°C.

A method as defined in any preceding clause, wherein in step (c) the washcoating

is calcined at a temperature in the range 450 to 550°C.

A method as defined in clause 16 or any of clauses 17 to 23 when dependent on
clause 16, wherein in step (e) the second coating is dried at a temperature of less

than 120°C.

A method as defined in clause 16 or any of clauses 17 to 24 when dependent on
clause 16, wherein in step (e) the second coating is calcined at a temperature in the

range 450 to 550°C.

A method as defined in any preceding clause, wherein the metal oxide sol is a

titania sol.

A method as defined in any preceding clause, wherein the metal oxide of the metal
oxide sol has a BET surface area of > 100 m%/g, > 150 m?/g, > 200 m*/g, > 250
m?/g or > 300 m%/g.
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29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

. A method as defined in any preceding clause, wherein the metal oxide sol has a

D50 particle size of <1 um, <0.5 pm or < 0.2 pm.

A method as defined in any preceding clause, wherein the metal oxide sol has a

D90 particle size of <5 pm, <2 um, <1 pm or <0.5 um.

A method as defined in any preceding clause, wherein the quantity of metal oxide
sol employed in step (a) is selected such that the catalyst article prepared has a

metal oxide loading of < 2.5 g/in® <2 g/in® <1 gfin®, <0.5 g/in’ or < 0.2 g/in’.

A method as defined in any preceding clause, wherein the liquid medium is water.

A method as defined in any preceding clause, wherein the washcoat composition

prepared in step (a) has a solids content of up to 50 wt%.

A method as defined in clause 32, wherein the washcoat composition prepared in

step (a) has a solids content in the range 20 to 40 wt% or 30 to 35 wt%.

A method as defined in any preceding clause, wherein the washcoat composition

prepared in step (a) has a pH of <7, <5 or about 3.

A method as defined in any preceding clause, wherein the washcoat composition

prepared in step (a) has a viscosity in the range 100-1000 centipoise.

A method as defined in any preceding clause, wherein the substrate is a flow-

through monolith substrate.

A method as defined in clause 36, wherein the substrate is substantially cylindrical
in shape and has a diameter in the range 20 to 40 inches and a cell density in the

range 200 to 400 cpsi.

A method as defined in clause 36, wherein the substrate has a substantially square

or rectangular cross-section.

A washcoat composition comprising:
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40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

e a support material comprising a mixed oxide, mixture of oxides or a
molecular sieve comprising (i) alumina and (ii) silica and/or zirconia,;
e ametal oxide sol comprising at least one of titania, silica or zirconia,

e aliquid medium.

A washcoat composition as defined in clause 38, wherein the support material

comprises a mixed oxide.

A washcoat composition as defined in any of clauses 38 to 39, wherein the
support material is a silica-alumina mixed oxide, a zirconia-alumina mixed oxide

or an aluminosilicate molecular sieve.

A washcoat composition as defined in clause 40 or 41, wherein the support

material is a silica-alumina mixed oxide.

A washcoat composition as defined in clause 42, wherein the silica-alumina mixed
oxide has a silica content in the range 1 to 40 wt%, 2 to 35 wt%, 5 to 35 wt% or 5
to 30 wt%.

A washcoat composition as defined in any of clauses 38 to 42, wherein the silica-

alumina mixed oxide has a silica content in the range 2 to 10 wt%.

A washcoat composition as defined in clause 44, wherein the silica-alumina mixed

oxide has a silica content of about 5 wt%.

A washcoat composition as defined in any of clauses 38 to 42, wherein the silica-

alumina mixed oxide has a silica content in the range 25 to 40 wt%.

A washcoat composition as defined in clause 46, wherein the silica-alumina mixed

oxide has a silica content of about 30 wt%.

A washcoat composition as defined in any of clauses 38 to 47, wherein the support

material has a D90 particle size of <50 pm or <30 pm.

A washcoat composition as defined in any of clauses 38 to 48, wherein the support

material is impregnated with a platinum group metal component.
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50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

A washcoat composition as defined in clause 49, wherein the platinum group
metal component comprises platinum, palladium or a mixture of platinum and

palladium.

A washcoat composition as defined in clause 50, wherein the platinum group

metal component comprises platinum.

A washcoat composition as defined in clause 51, wherein the platinum group

metal component is a platinum nitrate or a platinum acetate.

A washcoat composition as defined in any of clauses 38 to 52, wherein the metal

oxide sol is a titania sol.

A washcoat composition as defined in any of clauses 38 to 53, wherein the metal
oxide sol has a BET surface area of > 100 m?%/g, > 150 m%*/g, > 200 m%/g, > 250

m?/g or > 300 m%/g.

A method as defined in any of clauses 38 to 54, wherein the metal oxide sol has a

D50 particle size of <1 um, <0.5 pm or < 0.2 pm.

A method as defined in any of clauses 38 to 55, wherein the metal oxide sol has a

D90 particle size of <5 pm, <2 um, <1 pm or <0.5 um.

A washcoat composition as defined in any of clauses 38 to 56, wherein the liquid

medium is water.

A washcoat composition as defined in any clauses 38 to 57, wherein the washcoat

composition has a solids content of up to 50 wt%.

A washcoat composition as defined in clause 58, wherein the washcoat

composition has a solids content in the range 20 to 40 wt% or 30 to 35 wt%.

A washcoat composition as defined in any of clauses 38 to 59 wherein the

washcoat composition has a pH of <7, <5 or about 3.
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61. A washcoat composition as defined in any of clauses 38 to 60, wherein the

washcoat composition has a viscosity in the range 100-1000 centipoise.

62. A washcoat composition as defined in any of clauses 38 to 61, which further

comprises organic additives.
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CLAIMS

1. A method of preparing a catalyst article comprising steps:
(a) preparing a washcoat composition by combining at least the following
components:
e a support material comprising a mixed oxide, a mixture of oxides or a
molecular sieve comprising (i) alumina and (ii) silica and/or zirconia,
e ametal oxide sol comprising at least one of titania, silica or zirconia;
e aliquid medium;
(b) applying the washcoat composition to a substrate to form a washcoating;
and
(¢) drying and/or calcining the washcoating;
wherein the method further comprises a step of impregnating the support material

with a platinum group metal component.

2. A method as claimed in claim 1, wherein the support material is a silica-alumina
mixed oxide, a zirconia-alumina mixed oxide or an aluminosilicate molecular

sieve.

3. A method as claimed in any preceding claim wherein the support material is a

silica-alumina mixed oxide.

4. A method as claimed in claim 3, wherein the support material is a silica-alumina
mixed oxide having a silica content in the range 1 to 40 wt%, 2 to 35 wt%, 5 to 35
wt% or 5 to 30 wt%.

5. A method as claimed in any preceding claim, wherein the support material has a

D90 particle size of <50 pm or <30 pum.

6. A method as claimed in any preceding claim, wherein the support material is
impregnated with PGM component prior to step (a) by contacting the support
material with an impregnation solution, wherein the impregnation solution

comprises the PGM component.
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7.

10.

11.

12.

13.

14.

A method as claimed in any of claims 1 to 5, wherein the support material is
impregnated with PGM component subsequent to step (a) and prior to step (b) by
blending the washcoat composition formed in step (a) with an impregnation

solution comprising the PGM component.

A method as claimed in any of claims 1 to 5, wherein the support material is
impregnated with platinum group metal component subsequent to step (c), which
method further comprises:
(d) applying an impregnation solution to the substrate to form a second coating,
wherein the impregnation solution comprises the PGM component; and

(e) drying and/or calcining the second coating.

A method as claimed in any preceding claim, wherein the platinum group metal
component comprises platinum, palladium or a mixture of platinum and

palladium.

A method as claimed in any preceding claim, wherein the platinum group metal

component is a platinum nitrate or a platinum acetate.

A method as claimed in any preceding claim, wherein the metal oxide sol is a

titania sol.

A method as claimed in any preceding claim, wherein the metal oxide of the metal

oxide sol has a BET surface area of > 100 m%/g, > 150 m?/g, > 200 m%/g, > 250

m?/g or > 300 m%/g.

A method as claimed in any preceding claim, wherein the metal oxide sol has a

D50 particle size of <1 um, <0.5 pm or < 0.2 um.

A washcoat composition comprising:
e a support material comprising a mixed oxide, mixture of oxides or a
molecular sieve comprising (i) alumina and (ii) silica and/or zirconia,;
e ametal oxide sol comprising at least one of titania, silica or zirconia,

e aliquid medium.
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15. A washcoat composition as claimed in claim 14, wherein the support material is a

silica-alumina mixed oxide and the metal oxide sol is a titania sol.
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