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Title: Method for the preparation of a catalysed

particulate filter and catalysed particulate filter

The present invention relates to multifunctional catalysed
diesel particulate filters. In particular, the 1nvention

Y

oY

clates to a method for the preparation of catalysed
particulate filters having both an activity in the removal
of nitrogen oxides by the known selective catalytic
reduction (SCR) process, and oxidation activity for the
oxidative conversion of hydrocarbons and carbon monoxide
contained in the exhaust gas into water and carbon dioxide
and the conversion of excess of ammonia used as reductant

in the SCR 1nto nitrogen.

The invention provides furthermore a catalysed particle
filter catalysed with an SCR catalyst i1n 1ts inlet/disper-
sion side and filter walls, and with an ammonia slip
catalyst together with an oxidation catalyst in the

outlet/permeation side of the filter.

In addition to unburnt hydrocarbons, diesel exhaust
contalns nitrogen oxides (NOx) and particulate matter. NOX,
hydrocarbons and particulate matter are materials and

chemical compounds representing a health and environmental
risk and must be reduced or removed from the engine exhaust
gas by passing the exhaust through a particle filter and

several catalyst units.
Typically, these filters are honeycomb wall flow filters,

wherein the particulate matter is captured on or in

partition walls of the honeycomb filter.

SUBSTITUTE SHEET (RULE 26)
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In addition to a particulate filter, exhaust gas cleaning
systems disclosed in the art comprise beside a catalyst
unit being active in the selective reduction of NOx by

reaction with ammonia to nitrogen and a diesel oxidation

catalyst.

In order to remove excess of ammonia injected into the
exhaust gas for use in the SCR, a number of the known
exhaust gas cleaning systems comprise additionally a

downstream catalyst unit catalysing the conversion of

ammonia into nitrogen, the so-called ammonia slip catalyst.

Multifunctional diesel particulate filters coated with

catalysts catalysing the above mentioned reactions are also

known 1n the art.

In the known multifunctional filters the different

catalysts are segmentarily or zone coated 1n different

zones of the filter.

Segmentary or zone coating of different catalysts on the

filter is an expensive and difficult preparation process.

US 2010/0175372 discloses in one embodiment a diesel
exhaust gas treatment system with a filter catalysed with
an SCR catalyst on the dispersion side of the filter, and
with an ammonia oxidation catalyst and diesel oxidation
catalyst on the permeation side. The SCR catalyst 1s
washcoated on the entire filter substrate followed by
application of the ammonia oxidation catalyst at the outlet

filter channels. The diesel oxidation catalyst is applied
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as an overlayer on the ammonia oxidation catalyst at the

outlet channels.

Compared to known technique, the present invention suggests
an easier method for the preparation of particulate filers
catalysed with different catalysts for the selective
reduction of nitrogen oxides with ammonia and removal of

hydrocarbons, carbon monoxide and excess ammonia.

Accordingly, the invention provides a Method for the
preparation of a catalysed particulate filter comprising
the steps of

a) providing a porous filter body having a dispersion side
and a permeation side;

b) providing a catalyst washcoat containing

particles of a first catalyst composition being active 1in
selective catalytic reduction of nitrogen oxides together
with particles of second catalyst composition being active
in oxidation of carbon monoxide, hydrocarbons and ammonia
and particles of a third catalyst composition being active
in selective oxidation of ammonia to nitrogen in
combination with the second catalyst composition, wherein
the particles of the first catalyst composition have a mode
particle size less than mean pore size of the particulate
filter, and wherein the particles of the second and third
catalyst composition have a mode particle size larger than
mean pore size of the particulate filter;

c) coating the filter body with the catalyst washcoat by
introduction of the washcoat into outlet end of the
permeation side; and

d) drying and heat treating the coated filter body to

obtain the catalysed particulate filter.
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The term “inlet end"“ used hereinbefore and in the following
description means the end of the filter and the channels

being contacted by unfiltered gas and “outlet end” means

the end of the filter and the channels where the filtered

gas leaves the filter body.

The terms “dispersion side” and “permeate side” as used
herein refer to flow passages of the filter facing the

particulate containing exhaust gas and to flow passages

facing the filtered exhaust gas, respectively.

The main advantage of the method according to the invention
1is that the filter can be coated with a single washcoat
containing three types of catalyst formulation catalysing
different reaction. When introducing the washcoat into
outlet end of the permeation side, the SCR catalyst
particles will diffuse into the porous filter wall and to
the dispersion side, while the hydrocarbon/carbon monoxide
oxidation catalyst and the ammonia oxidation catalyst
particles are retained outside the pores of the partition
walls in the filter permeation side. Thereby the
preparation of a multifunctional catalysed filter has been

much improved in terms of an easier and cheaper production

setup.

A further advantage of coating a filter with different

types of catalysts in form of a mixture of catalyst

particles is found in an improved heat transfer and warm up

during cold start. As a result it is possible to start

injection of a reductant and the SCR NOx reaction removal

earlier after start than hitherto known.
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According to one embodiment of the invention, the first
catalyst particles in the washcoat active in the selective
catalytic reduction of NOx comprise at least one of a
zeolite, a silica aluminum phosphate, an ion exchanged

5 zeolite or a silica aluminum phosphate promoted with iron
and/or copper, one or more base metal oxides and a catalyst
support of at least one of cerium oxide mixed with tungsten
oxide on a titania support, an alumina support, a zirconlia
support or silica support.

10
Preferred zeolites for use in the invention are beta

zeolite or a chabazite zeolite.

A preferred silica alumina phosphate with chabazite
15 structure for use in the invention is SAPO 34 promoted with

copper.

According to yet another embodiment of the invention, the
second catalyst composition being active in oxidation of

20 hydrocarbons, carbon monoxide and ammonia comprises a
mixture of platinum and palladium supported on at least one

of alumina, titania, ceria, silica and zirconia.

In further an embodiment of the invention, the third

25 catalyst composition being active in the selective
oxidation of ammonia to nitrogen comprises a copper and/or
iron promoted zeolite or a copper and/or iron promoted
silica alumina phosphate with chabazite structure,
preferably the promoted zeolite is a beta zeolite or a

30 chabazite zeolite.
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In order to form the washcoat for use in the i1nvention, the
first, second and third catalyst composition, usually 1in
particle form are milled or agglomerated to the required
particle size and suspended in water or organic solvents,
optionally with addition of binders, viscoslty 1mprovers,

foaming agents or other processing aids.

The washcoat may be prepared by suspending the first,
second and third catalyst particles as a single suspension
or by preparing three different suspensions, viz. a first
with the SCR catalyst particles, a second with the
hydrocarbon/carbon monoxide/ammonia oxidation catalyst
particles, and a third with the selective ammonia oxidation
catalyst particles, and mixing the three suspension in a
volume ratio to prepare the washcoat with the required

amount of the first, second and third catalyst particles.

As already mentioned above, in order to allow the SCR
catalyst particles to diffuse effectively into the
partition walls during washcoating of the filter and to
prevent the oxidation catalyst compositions from diffusing
from the permeation side to the dispersion side, the SCR
catalyst has an average particle size smaller than the mean
pore diameter of the filter, and the ammonia and
hydrocarbon/carbon monoxide oxidation catalyst compositions
have an average particle size larger than the mean pore

diameter.

According to a preferred embodiment of the invention, the
filter is in form of a wall flow monolith with a plurality
of longitudinal passages divided by longitudinal porous

walls, dispersion side of the passages having an open inlet
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end and an outlet end being plugged with plugs, and
permeation side of the passages having an inlet end being

plugged with plugs and an open outlet end.

The filter body i1s washcoated according to common practice
including applying vacuum suction through the filter,

pressurizing the washcoat or by dip coating.

When using the vacuum washcoat process, the vacuum is

created on the inlet end of the dispersion side.

When using the dip coating process, the filter is dipped
and substantially immersed into a bath of the washcoat with
the outlet end of the permeation side first. In this
process the inlet end of the permeation side may be

unplugged during coating.

The invention provides furthermore a catalysed particulate
filter prepared in accordance with anyone of the above

described embodiments according to the invention.

Examples of suitable filter materials for use i1in the
invention are silicon carbide, aluminium titanate,

cordierite, alumina, mullite or combinations thereof.

The amount of the first catalyst on the filter i1s typically
20 to 180 g/l1 and the amount of the combined second and
third catalyst compositions on the filter is typically 10
to 80g /1. The total catalyst loading on the filter 1is
typically in the range of 40 to 200 g/1l.
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The advantage of thus prepared filter is a lowered pressure
drop and an improved fuel economy compared to the known
exhaust gas cleaning systems with separate filter and

catalyst units.

EXAMPLE
A conventional high porosity plugged SiC wall flow filter
body with a porosity of approximately 60% and wall mean

pore size of about 18 um i1s applied.

A suspension of a first catalyst is made by mixing and
dispersing 100 g of silica aluminium phosphate SAPO-34
promoted with 2% copper in 200 ml demineralised water pr
liter filter. A dispersing agent Zephrym PD-7000 and an
antifoam agent are added. The suspension 1s milled in a
bead mill. The average particle size of the suspension 1is
between 5 and 10 uym and less than the mean pore diameter of

the pores in the wall of the wall flow filter.

A suspension of the second catalyst composition 1s 1n a
first step prepared from a mixture of platinum palladium
(molar ratio 3:1) deposited on alumina particles of an
average particle size larger than the filter wall mean pore
size. A suspension of the mixture is prepared by mixing 20
g of this powder in 40 ml demineralised water pr liter
filter. In a second step a suspension of the third
catalyst composition is prepared from a beta zeolite powder
with 1.0 % copper with a mode particle size larger than the
filter wall mean pore size. The suspension is prepared by
mixing and dispersing 20 g of the copper beta zeolite
powder in 40 ml demineralised water per liter filter. A

dispersing agent Zephrym PD-7000 and an antifoam agent are
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added. The suspensions from the two steps are then mixed
and further dispersed. The mode particle sizes of the final
suspension is larger than the mean pore diameter of the

pores in the wall of the wall flow filter

5
A suspension of the combined second catalyst and third
catalyst composition is then mixed into the suspension of
the first SCR catalyst composition, whereby the final
washcoating catalyst suspension 1s obtained.
10

The final catalyst suspension is washcoated on the filter
from the outlet end of the filters permeate side by
standard washcoat methods. The coated filter i1s then dried

and calcined at 750 ©2C.
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10
CLAIMS:
1. Method for the preparation of a catalysed particulate filter
comprising the steps of:
a) providing a porous filter body having a dispersion side and
a permeation side;
D) providing a catalyst washcoat contailning particles of a

first catalyst composition being active 1n selective catalytic
reduction of nitrogen oxides together with particles of second

catalyst composition being active in oxidation of carbon monoxide

and hvydrocarbons and ammonia and particles of a third catalyst

composition being active in selective oxidation of ammonia to
nitrogen in combination with the second catalyst composition,
wherein the particles of the first catalyst composition have a
mode particle size less than mean pore size of the particulate
filter, and wherein the particles of the second and third
catalyst composition have a mode particle size larger than mean
pore size of the particulate filter;

C) coating the filter body with the catalyst washcoat by
introduction of the washcoat into outlet end of the permeation
side; and

d) drying and heat treating the coated filter body to obtain
the catalysed particulate filter, wherein the first catalyst
composition comprises at least one of an 1ron and/or copper

promoted zeolite, a silica aluminum phosphate, an 1on exchanged

zeolite or a silica aluminum phosphate, one or more base metal

oxides and a catalyst support of at least one of cerium oxide

mixed with tungsten oxide on a titania support, an alumina

support, a =zirconia support or a silica support and mixtures

thereotf.
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2 . The method of claim 1, wherein the zeolite 1s beta zeolite or a
chabazite zeolite.
3. The method of claim 1 or 2, wherein the silica alumina phosphate

with chabazite structure is SAPO 34 catalyst promoted with copper.

4 The method of any one of claims 1 to 3, wherein the second

catalyst composition comprises a mixture of platinum and palladium

supported on at least one of alumina, titania, cerilia, silica and

zlrconla support.

5. The method of any one of claims 1 to 4, wherein the third

catalyst composition comprises a copper and/or iron promoted zeolite

or a copper and/or 1iron promoted silica alumina phosphate with

chabazite structure.

o . The method according to any one of claims 1 to 5, wherein the
filter i1s in a form of a wall flow monolith with a plurality of
longitudinal passages divided by longitudinal porous walls, dispersion
side of the passages having an open inlet end and plugged outlet end,
and permeation side of the passages having a plugged 1nlet end and an

open outlet end.

7. The method according to any one of claims 1 to 6, wherein the

washcoat is introduced from the outlet end of the permeation side.

8. The method according to any one of claims 1 to 6, wherein the
washcoat is applied prior to plugging the inlet end of the permeation

side.
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