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CATALYST CARRIER SUBSTRATE COATED WITH WASHCOAT COMPRISING FIBROUS MATERIAL

The present invention relates to a catalyst carrier substrate coated with a surface area-
enhancing washcoat composition, and in particular to such washcoat compositions with
improved mechanical strength for industrial applications, including for use in vehicular

exhaust systems.

The technique of applying an oxide washcoat onto a ceramic flow-through honeycomb
monolith in order to increase its surface area, and catalysing the product, has been very
well established for some 30 years. Tens of millions of automobile catalytic convertors
using this technology are made each year. Conventionally, a slurry of washcoat is
deposited on the substrate, and the coated substrate is dried to form a green coated
substrate which is then fired. The fired washcoated monolith is then impregnated with
one or more catalytic metals from the platinum group. However, problems are beginning
to emerge when trying to use this technology in more demanding situations such as with
metallic substrates instead of ceramic substrates for vehicle catalytic converters, and in
process catalyst systems (that is, large scale catalysed processes including sulphuric acid
and nitric acid processes, steam reforming, purification processes etc). Coating
durability is becoming a significant issue, especially in processes which involve the
catalytic treatment of fluid systems where there are abrasive contaminants in the fluid or

the catalytic device or reactor is subject to thermal and/or mechanical shocks.

It is known to use fibre reinforcement to strengthen a weaker matrix, for example in
glass-fibre or carbon fibre reinforcement of plastics, and silicon carbide or nitride fibre
reinforcements for metals or ceramics. Also, of course, there is reference in the Bible to
making sun-dried clay bricks with straw. Most levels of fibre additions in such
composites have been in the 30 to 90 wt% range. In these materials, toughness is
brought about due to the strain tolerance achieved as the reinforcing fibres bridge
advancing cracks in the matrix, because the failure strain of the fibres is significantly
greater than the matrix. There are many ways to reinforce a matrix including, but not
restricted to fibres of quartz or alumina or whiskers of SiC. There has not been,
however, any suggestion of using fibres or whiskers in micron scale washcoat coatings

on solid catalyst carrier substrates, and it appeared unlikely that small quantities of
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fibres, which may be of the same composition as at least part of the matrix washcoat
material, would provide any beneficial effect. From the catalyst chemist’s point of view
also, there seems to be no advantage in mixing an essentially inert material into a catalyst

composition.

Ahn et al (“Fabrication of stlicon carbide whiskers and whisker containing composite
coatings without using a metallic catalyst”, Surface and Coatings Technology, 2002,
154(2-3), 276-281) describe how composite coatings were prepared by alternative
whisker growth conditions and the matrix filling process.

Zwinkels et al (“Preparation of combustion catalysts by washcoating alumina whisker-
covered metal monoliths using the sol-gel method”, Studies in Surface Science and
Catalysis, 1995, 91,0 85-94) describe how metallic monoliths covered with alumina
whiskers were dip coated in a silica containing slurry. Pd was impregnated onto the thus

prepared coating to yield a suitable catalyst for catalytic combustion.

US Patent No. 5,326,735 (NE Chemcat Corp.) describes the preparation of catalyst by
the deposition of iridium on a metal carbide or nitride support of which the source is
unimportant but it is suggested in the patent that an inexpensive source, such as whiskers
or powders with diameter 0.1 to 100 microns be used. The Ir/whisker catalyst is
typically ball milled for 16 hours with binders to produce a suitable washcoat for
monolith coating. No mention of enhanced coating durability is made either in the

claims or the examples and it is unlikely that the whiskers survive the extensive milling

process.

JP 2001252574 (Babcock-Hitachi K. K.) describes the manufacture of a catalysed fibre
reinforced substrate for flue aftertreatment applications. The substrate is a multilayered
structure manufactured from metal lath board spray coated with a binder such as silica
sol or PVA and glass fibre non-woven cloth, which is then sub sequently coated with a
catalyst. In this case the fibre layer forms part of the substrate and is in effect providing
a beneficial keying surface for the catalyst coating subsequently deposited.
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JP 11267523 (Babcock-Hitachi K. K.) described how inorganic fibre cloth, such as
silica-alumina glass fibre, can be strengthened with PVA followed by coating with a
catalyst paste such as titania to furnish a catalyst coated substrate for flue glass treatment.
In a further patent (JP 10202113, Babcock-Hitachi) this process is modified by
sandwiching a catalyst paste between two inorganic fabric substrates and applying
pressure to form strengthened catalysed articles. Both of these are examples of fibres
used to manufacture composite materials which happen to be catalysed. A further
example is given by JP 53015285 (Mitsubishi Heavy Industries) in which metal wire

reinforced support shapes are prepared and then impregnated with catalyst precursors.

GB2138694A (Nippon Shokubai) discloses a catalyst composition which comprises a
heteropolyacid-type catalytically active ingredient based on molybdophosphoric or
molybdovanadophosphoric acid as a base and whiskers (whiskers typically included in
an amount of 1-50% by weight based on the catalyst ingredients). The catalyst
composition is reported to have excellent mechanical strengths (eg. compressive
strength, abrasion resistance and falling strength) in industrial use. In one embodiment, a
supported catalyst is prepared by spraying a slurry of a mixture of a compound
containing a heteropolyacid as a base and whiskers onto a suitable carrier. Ordinary
spherical carrier material having a diameter of 3-5mm is exemplified. The carrier can
also take the form of a solid cylinder, a hollow cylinder, broken fragments, a triangular

pyramid etc, preferably at 1-10mm, or a honeycomb or pipe.

We have now developed a washcoat composition for coating on a solid substrate, such as
a honeycomb monolith substrate, which composition has improved mechanical strength

for industrial applications, including for use in vehicular exhaust systems.

According to a first aspect, the invention provides a solid catalyst carrier substrate coated
with a surface area-enhancing washcoat composition, which composition comprising a
catalytic component, a metal oxide and a refractory fibrous or whisker-like material
having an aspect ratio of length to thickness in excess of 5:1. In one embodiment, the
aspect ratio of length to thickness of the refractory fibrous or whisker-like material is in

excess of 50:1. In another embodiment the washcoat 1s porous to gas transport.
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The catalyst compositions of GB2138694A do not contain both a metal oxide and a
catalytic metal component. Furthermore, we have investigated the possibility of using
catalytic metal components other than heteropolyacid in the supported -catalyst
compositions of GB2138694A. What we found was that, not only did the supported
catalyst compositions have very poor mechanical strength, but they are also very poor
catalysts. Accordingly, we conclude that GB2138694A does not enable the skilled
person to practise the technical teaching which is the subject of the document for any

other catalytic metal components than heteropolyacids.

Whilst the scope of the accompqny’ing claims extends to. the combination of
heteropolyacid as a catalytic component, a metal oxide and refractory fibrous or whisker-
like materials, in one embodiment the catalytic component is any catalytic component

except heteropolyacids.

The catalytic component can consist of a zeolite, a clay or a vanadium phosphorus oxide,
but in embodiment the catalytic component comprises at least one metal, optionally

supported on a surface area enhancing support.

In embodiments comprising at least one metal, the metal can be any precious metal,
magnesium, nickel, cobalt, iron, vanadium, copper, molybdenum, aluminium, silicon or
mixtures of any two or more thereof. The metal can be present as elemental metal or as a
compound thereof eg. an oxide. The metal can be carried on a surface area-enhancing
support including zeolites, alumina, titania, silica, zirconia or ceria or mixed oxides or
composite oxides of any two or more thereof eg. silica-alumina, ceria-zircomia or
alumina-ceria-zirconia. Illustrative examples of catalytic metal components include

Pd/Al,O,, Fe/mordenite or Beta-zeolite and Mg/ZSMS5.

At its most basic level of design, the metal in the washcoat composition represents the
catalytic component and the support on which the metal is carried is the metal oxide.
Therefore a washcoat composition for use in the invention can comprise a metal

supported on a metal oxide and a refractory fibrous or whisker-like material.
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Methods of making supported catalﬁic metal components are known to the skilled
person and include the incipient wetness technique and co-precipitation. Accordingly,

more detailed exﬁlanation of such methods will not be made here.

The metal in the catalytic metal component can be present at up to 30wt% based on the
total weight of the washcoat composition. For example, for acetylene hydrogenation
200ppm Pd/Al,Os; may be an adequate loading, whereas for Fisher-Tropsch catalysts a
loading of 20-30wt% may be required.

The solid catalyst carrier substrate may be a metallic ﬂow~thmugh honeycomb monolith
of various forms, a “static mixer’-type structure, a wire mesh device, a pléte or any other
reactor component, although it is envisaged that the invention may also find useful
application in more challenging applications on ceramic monoliths. The catalyst carrier
substrate may provide a partial or complete filtering function, such that particles,
including especially diesel or other combustion soot, are delayed within the substrate to
allow reaction with gas components or allow a catalysed reaction. Also included are

macroporous articles such as Raschig rings or other shaped carriers.

The refractory fibrous material is one that withstands the conventional firing process
used to convert the washcoat or washcoat precursor into a suitable oxidic form, and
withstands normal conditions of use. The fibrous material can be selected from alumina,
preferably gamma-alumina, mullite and other metal oxide ceramic fibres, although some
or all of such ceramic fibres may be replaced by a silicon carbide or nitride-;type fibre or
whiskers, or quartz. The fibrous material is suitably in the form of dispersed single
filaments. Such filaments are suitably of 10 nm diameter and up to 5 mm length.
Suitable fibrous material is commercially available, for example “Saffil” (“Catalyst
Grade” fibrous mat supplied by Saffil plc). The Saffil fibres are typically 3.5 pm

diameter. The fibres or whisker-like materials may be optionally chemically modified to

enhance their properties.

It is recognised that particles of refractory fibrous materials in the sub-1pum range can be
hazardous to health eg. asbestosis. However, the size of the refractory fibrous material

can be selected as appropriate depending on the risk of exposure. For example, in
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chemical manufacture, personnel are likely to wear protective clothing and respirators
and so use of sub-micron diameter fibres could be acceptable, whereas for vehicular uses

larger diameter fibres would be used to avoid emitting hazardous particles to atmosphere.

The metal oxide component of the washcoat composition is itself not critical and may be
any silica, alumina, titania, ceria-zirconia mixed oxide, or ceria-zirconia-alumina blend
including doped versions of the foregoing. It is conventional to include a binder in a
washcoat slurry, and it is preferred to include a binder such as a colloidal silica, for
example “Ludox”, in the present invention. It is envisaged that the invention could also
be applied to coatings of purification aids such as copper-zinc-alumina mixed oxides for
sulphur removal or stoichiometric reagents such as supported oxides for hydrogen
sequestration. Accordingly, the term “washcoat composition” as used herein includes
coatings that are themselves chemically active as well as those that are essentially inert.
For example, many modern automotive catalyst washcoat compositions play an active
part in oxygen management or NOx storage, and washcoat compositions may

incorporate “getter”’-type materials. In one embodiment, the metal oxide component 1s

present at up to 35wt% of the washcoat composition.

Typical thicknesses of washcoat compositions are in the range from 5 up to 100 um;

optionally in the 5 to 60 pm thickness range.

The quantity of refractory fibrous or whisker-like material is suitably in the range from
0.5 to 49.9 wt% of the solids content, such as in the less than 30 wt% range eg. in the 1-
15 wt% range. The fibrous material may be readily mixed into a slurry of the washcoat

using conventional techniques. Initial trials indicate that comminution of fibres tends to

increase the quantity required.

The washcoat composition comprises one or more catalytic metal components,
optionally with promoters. The catalytic components may be incorporated in solution in
a slurry of the fibrous material-containing washcoat composition, and/or one or more of
the washcoat composition slurry components, including the fibrous or whisker-like

material, may be pre-catalysed. Alternatively, a catalyst solution may be deposited onto
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the washcoat composition-carrying substrate after firing of the green washcoat

composition-coated substrate.

It should be understood that the substrate according to the invention may comprise a
multi-layer coating of washcoat compositions, in which the other layer(s) may also be

according to the invention or may be conventional.

According to a second aspect, the invention provides a method of forming a substrate
according to the invention, comprising applying to a substrate a slurry comprising a
washcoat composition comprising a catalytic component, a metal oxide and a refractory
fibrous or whisker-like material having an aspect ratio of length to thickness in excess of

5:1, and drying and firing the coated substrate.

A washcoat composition slurry comprising the fibrous or whisker-like material has been
successfully deposited onto metallic substrates using a variety of methods, including a K-
bar applicator onto metal plates, spray-coating metallic substrates and by using Johnson
Matthey’s proprietary “Precision Coating” technology according to EP 1064094 to
deposit onto a commercial metallic vehicle catalytic convertor substrate. Thus 1t 1s
believed that no special process steps or modifications need to be made to conventional
washcoat composition deposition and firing methods. There are many methods known to
those skilled in the art of coating substrates with layers such as precision coating, spray

coating, printing, dip coating, manual or automatic techniques, and application by

electrostatic techniques.

According to a third aspect, the invention comprises a slurry comprising a washcoat
composition for use in the method according to the invention, which washcoat
composition comprising a catalytic component, a metal oxide and a refractory fibrous or

whisker-like material having an aspect ratio of length to thickness in excess of 5:1.

Tests of various types on the coated substrates according to the invention indicate
significantly reduced cracking on drying during the formation of the green coated

substrate, and significantly improved durability. Durability may be assessed by tests
ranging from bombarding the fired coated substrate with alpha alumina balls, by
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adhesive tape tests, high velocity air flow and by dropping a complete vehicle catalytic

convertor a number of times onto a concrete floor with quantification by weighing before

and after to simulate knocks or impacts in use.

The invention will now be described with reference to the following non-limiting

examples and with reference to the accompanying drawing wherein:
Figure 1 is a photograph showing axial sections through honeycomb monoliths to

demonstrate coating penetration by various washcoat compositions according to the

invention compared with the teaching of GB2138694A.

Comparative Example1  y-ALO; fibre strengthened CeO2-Zr0,-Al,O; coatings

Various levels of y-Al,O; fibre (“Catalyst Grade” fibrous mat supplied by Saffil plc)
were added by breaking up the fibre mat and dispersing with a high shear stirrer 1n a 30%
solids slurry of ceria-zirconia-alumina in quantities of 0, 1.4, 3.2, 6.1 and 11.4 wt.%
(with respect to the solids level of the slurry). Cleaned stainless steel plates (215 mm X

75 mm x 1mm) were coated with the fibre/ceria-zirconia-alumina slurry using a K-bar

with forced air drying at ambient temperature followed by drying overnight in a 130 °C

isothermal oven. Following drying, the coated plates were heated i air to 500°C at a

rate of 2°C/minute.

Pieces of the coated plate (typically 110 x 76 mm) were abrasion tested by being placed
in a 1.3 litre screw top plastic bottle with 100g of 13mm o-Al,O3 balls and shaken

vigorously by hand for 1 minute. The plate was weighed before and after the abrasion

test to determine the amount of coating lost and also the remaining coating was removed

to determined the total amount of coating present at the start (see table 1)
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Table 1
'W JW WW of W_e-igr of | Coating
| loading | coating present | coating present | remaining
I (wi%) before test (g) | after test (g) (Wt%)
Ce02-Zr02-A1203 0.39 0.1907 l 0.1684 88.3
| only - w ‘L—
1.4 wt% v-Al,05 fibre/ | \W_"J 02191 0.1875  |856
Ce02-Zr02-A1203 .
3.2 wt% y-ALO; fibre/ | 059 |0.2899 O |0.28“88" — 996
Ce02-Z2r02-A1203 | | |
6.1 Wi% y-Al,O, fibre/ | 0.63 | 03126 _IW 04.6

CeO02-ZrO2-A1203 | !
L L o - L
114 wt% vy-ALO; | 0.91 0.4520 1 0.4312 95.4

I fibre/ Ce02-Zr02- | |

' AI203 | | I |

Comparative Example 2  Quartz fibre reinforced ceria-zirconia-alumina coating

Two samples of quartz wool (2-12 um diameter, Saint Gobain Quartz) were dispersed in
a 30% solids ceria-zirconia-alumina slurry using a high shear stirrer (1.6 and 3.2 wt%
Si0, fibre loading with respect to the slurry solids level). Cleaned 316 stainless steel
plates (215 mm x 75 mm x lmm) were coated with the quartz fibre/ceria-zirconia-
alumina slurry by K-bar with forced air drying at ambient temperature followed by
drying overnight in a 130 °C isothermal oven. Following drying, the coated plate was
heated in air to 500°C at a rate of 2°C/minute. A piece of the coated plate (typically 110

x 76 mm) was subjected to the a-Al,O; ball abrasion test described in example 1 and the

results are shown in table 2.
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Table 2

W | Cgatfngqléad-in-é It\ﬁreight  of [ Weight of ,W ]

- (Wio) coating present | coating present | remaining

l * before test (g) | after test (g) (wit%) l
Ce0,-Z1Op- [ 039 | 0.1907 0.1684 | 883
AL O; only | I |
(comparison | |
from example 1) |

m 040 [0.1948 0.1876 %63 |
fibre/  CeOy- | ' |
Z1r0,-AL,0; | |
3.2 wt% quartz | 0.59 102895 | 0.2867 '99.0 |
fibre/ CeO,- |
Z1r0y-Al,04 I

Comparative Example 3  y-ALO; fibre addition to TiO; coatings

Batches of conventional TiO, - based slurry were prepared either on their own or with

various levels of y-Al,O; fibres (“Catalyst Grade” fibrous mat supplied by Saffil plc)

and/or silica binder with mechanical dispersion. 5.66 inch diameter by 6 inch length

metallic catalyst monoliths were coated with this slurry and dried for at 120 °C then fired

at 500 °C. A drop test was used to determine the effect of fibre addition and/or silica

binder addition on the coating integrity (see table 3). Table 3 demonstrates that coating

durability is significantly improved by fibre addition to the TiO,- based coating and can

be further enhanced by using fibres and a silica binder.



10

15

20

CA 02580214 2007-03-13

WO 2006/030189 PCT/GB2005/003516
11
Table 3
System 4 x D;Op h 8 x Drop
Yo coating 1oss % coating loss

TiO, only | 13.4% 27.5% j
| TiO, + 10%* milled v- | 7.3% 17.4% R

A1203 fibres L ) | o
|fibres ]
| T10;+ 20% milled y-Al,O3 | 0.9% ; 1.9%

fibres + 20% silica o | |
FTin-!- 20% Ludox binder 3.2% o - 16.8%

TiOy+ 20 % silica + 5% | 0.3% 0.81%

milled y-Al,0; fibres |

*with respect to total solids level

Example 1

Y-ALO; fibre addition to precious metal ceria-zirconia coatings

A 41 wt% slurry of a precious metal ceria-zirconia catalyst (Pt pre-fixed to ceria-zirconia

composite metal oxide) was prepared with 0, 5, 10 and 15% y-Al,O; fibre levels with

respect to the solids content of the slurry (“Catalyst Grade” fibrous mat supplied by

Saffil plc) with mechanical dispersion to give an estimated fibre length of 80 um. 70 x

100 mm metallic strips were spray-coated with this slurry and dried with air drying and

calcinations at 500 °C. 25 mm scotch tape was used to determine the durability of the

coatings with weighing before and after the tape test to quantify coating loss (see table

4). 1t will be observed from table 4 that addition of the y-Al,03 fibres leads to improved

levels of coating durability. It will also be observed that fibre addition leads to the

deposition of higher loadings of coatings on the uniformly sized metallic strips (20.1,

22.0, 25.2 and 23.9% for 0, 5, 10 and 15% fibre respectively) and consequently thicker

coatings. It would be expected that thicker coatings would be weaker than thinner ones

and this is a surprising result. Un-milled alumina added to the same wt% of the Saffl

fibre did not give any improvement in adhesion. The fibre reinforced coating could also

be applied with a hand roller or by precision coating to achieve the same improvement in

durability over the non-reinforced coating.
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| System _Coating
loading
| (Wi%)
| Precious metal | 20.1
Ce0,-ZrO, only
5% v-ALO; fibre/ | 22.0
| Precious metal
| Ce0,-Z10, !
| 10% v-Al,O; fibre/ | 25.2
Precious metal
Ce0,-Zr0O,

el R y—

Precious metal

CGOZ-ZI'OZ

15% Y-A]203 ﬁl;;J

Example2 7-Al,O; and SiC fibre addition to Pt/ALO; coatings

PCT/GB2005/003516
12
Weight of Eo-afiﬂg- Weight of coating | Coating o
| present  before | present after tape | remaining
tape test (g) Test (g) (wt%) |
0.9962 0.7527 | 75.6 |
S . |
1 1.1104 0.9717 l 87.5
]
- Y SR 1
1.3237 1 1.2006 90.7
- S
1.1532 8.2

Various levels of 80 um Saffil y-AL,O; fibre (“Catalyst Grade” supplied by Saffil plc)

passed through a 80 pum screen) were dispersed in a 30% solids slurry of Pt/Al,O5; (Pt

pre-fixed to gamma alumina) and coated onto cleaned stainless steel plates (40 x 100

mm) using a K-bar. One sample was also prepared using commercially available silicon

carbide whiskers. The coated plates were dried and fired at 500 °C and subjected to a 25

mm Scotch tape test.

The adhesion results are shown in Table 5.

e i, a —ct
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Table 5
| rSygstﬁém ] \%ght of coating I ngght of coating | 6oatirngr -
present before test t present after test | remaining

I L A LN
| Pt/Al,O; only 0.1916 0.1310 68.4
4.8 % y-ALO; fibre-Pt/AL,O; | 0.2684 0.1867 | 69.6
10.4 % y-ALO; fibre-Pt/ALO; | 0.2525 WW
21 % yj{120§ fibre-Pt/AL,O5 @i;soo: : *'w QD ’_"""“""
30.2 % 1-AlO; fibre PUALD; | 04111 03388 824
50 % y-Al,O; fibre-Pt/Al,O; | 0.4087 - {o3018 [ 73.8
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Comparison of abrasion resistance of washcoat compositions of the
invention and those prepared following the teaching of GB2138694A

Example 3

2.2 cm diameter and 8.2 cm length 400 cells per square inch honeycomb monoliths were
coated with Pt by a variety of methods. Table 6 entries 1-4 correspond to one or more of
the embodiments of the present invention while entries 5-8 have been prepared according
to the teaching of GB2138694A using platinum-based catalytic metal components

instead of heteropolyacids.

Table 6, entry #1 was prepared by dip coating a monolith in a 2Pt/Al,0O5 30% solids
slurry, containing Swt% Saffil gamma-Al,O5 fibres (with respect to solids), with the
catalyst prepared without prefixing the Pt to the Al,O3 support. The coated monolith
was dried at 105°C and fired at 500°C. Table 6, entry #2 was prepared as #1 but the
coated monolith was fired at 700°C. Table 6, entry #3 was prepared using a prefixed
2Pt/AL,O5 catalyst made by incipient wetness followed by drying at 105°C and then

calcination at 500°C. A monolith was dip coated in a 30% solids slurry of the catalyst
containing Swi% Saffil gamma-Al,O; fibres added with respect to solids. The coated
monolith was dried at 105°C and fired at 500°C. Table 6, entry #4 was prepared as #3
but sample fired at 700°C. Table 6, entry #5 was prepared by dip coating a monolith in a

30 wt% solids mixture of tetraammine platinum (II) hydrogen carbonate in water. No
fibres were added. The coated honeycomb was dried at 105°C and fired at 500°C. Table
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6, entry #0 was prepared as #5 but 5wit% Saffil gamma-Al,O, fibres added with respect
to solids. The coated monolith was dried at 105°C and fired at 500°C. Table 6, entry #7
was prepared as #6 but the coated monolith was fired at 700°C. Table 6, entry #8 was

prepared by spray-coating a monolith using a shurry prepared according to table entry #6.
The coated monolith was dried at 105°C and fired at 500°C.

Samples were tested for coating adhesion/durability by blowing a high pressure air jet
(35psig) down the honeycomb channel structure for 20 seconds to imitate conditions in
vehicular exhaust system. Table 6 entries 1-4 show no loss of coating when subjected to
the high pressure air abrasion test. However, surprisingly, table entries 5-7 show total

loss of coating when subjected to this test.

The catalytic activity of the honeycomb monoliths was assessed using carbon monoxide
(CO) absorption, a standard test used to measure catalyst active site density. Method
used in table 6 entries 1-4 give high CO absorption measurements indicating efficient use
of platinum and the formation of potentially very active catalysts. Conversely, the
methods used in table entries 5-8 give very poor CO absorption values (100 times lower
than the materials listed in table entries 1-4). This indicated exceptionally bad utilisation

of platinum and would predictably lead to poor catalytic performance.

Samples of honeycomb monolith prepared according to table entries 1, 3, 5, 6 and 8 were
sectioned axially to demonstrate coating penetration of the honeycomb structure. Figure
1 showing these samples demonstrates i) that the coatings prepared according to the
embodiments of the present invention (entries 1 and 3), show good coating penetration
and the light colour indicated good Pt dispersion; ii) that the coatings prepared according
to the teaching of GB2138694 (entries 5 & 6) contain poorly dispersed Pt (indicated by
the dark colour) and iii) that entry 8, which was prepared using a spray coating method

described in GB2138694, shows exceptionally poor coating penetration of the
honeycomb structure by this method.
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CLAIMS:

1. A 'solid catalyst carrier substrate coated with a surface area-enhancing washcoat

composition, which composition comprising a catalytic component, a metal oxide and a
refractory fibrous or whisker-like material having an aspect ratio of length to thickness in

excess of 5:1.

2. A substrate according to claim 1, wherein the aspect ratio of length to thickness is

in excess of 50:1.

3. A substrate according to claim 1 or 2, wherein the catalytic component comprises

at least one metal.

4, A substrate according to claim 3, wherein the at least one metal is selected from
the group consisting of precious metals, magnesium, nickel, cobalt, iron, vanadium,

copper, molybdenum, aluminium, silicon and mixtures of any two or more thereof.

3. A substrate according to claim 3 or 4, wherein the metal is present at up to

30wt% based on the total weight of the washcoat composition.

0. A substrate according to any preceding claim, wherein the washcoat composition

is chemically reactive.

7. A substrate according to any preceding claim, wherein the washcoat is porous or

gas permeable.

8. A substrate according to any preceding claim, wherein the substrate is a metallic

catalyst substrate.

0. A substrate according to claim 8, wherein the substrate is a flow-through

monolith or “static mixer”’-type structure.
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10. A substrate according to any preceding claim, wherein the fibrous or whisker-like

material is a gamma alumina fibre.

11. A substrate according to any preceding claim, wherein the fibrous material forms

1-15 wt% of the washcoat composition.

12. A substrate according to any preceding claim, wherein the metal oxide forms up

to 35wt% of the washcoat composition.

13. A substrate according to any preceding claim, wherein the washcoat composition

has a thickness of from 5 to 100 pm.

14. A method of forming a substrate according to any preceding claim, comprising
applying to a substrate a slurry comprising a washcoat composition comprising a
catalytic component, a metal oxide and a refractory fibrous or whisker-like material
having an aspect ratio of length to thickness in excess of 5:1, and drying and firing the

coated substrate.

15. A slurry comprising a washcoat composition for use in the method of claim 14,
which washcoat compo sition comprising a catalytic component, a metal oxide and a
refractory fibrous or whisker-like material having an aspect ratio of length to thickness in

excess of 5:1.
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