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Zoned Catalyzed Soot Filter
Technical Field

The present invention relates o a zoned catalyzed soot filter. This soot filter comprises
a wall flow substrate which comprises an inlet end, an outlet end, a substrate axial
length extending between the inlet end and the outlet end, and a plurality of passages
defined by internal walls of the wall flow substrate. The plurality of said passages com-
prise inlet passages having an open inlet end and a closed outlet end, and outlet pas-
sages having a closed inlet end and an open outlet end. The internal walls of the inlet
passages comprise a first inlet coating that extends from the inlet end to a first inlet
coating end, thereby defining a first intet coating length, wherein the first inlet coating
length is x % of the substrate axial length with 0 < x < 100. The internal walls of the
outlet passages comprise a first outlet coating that extends from the outlet end to a first
outlet coating end, thereby defining a first outlet coating length, wherein the first outlet
coating length is 100-x % of the substrate axial length. The first inlet coating length
thereby defines an upstream zone, and the first outlet coating length defines a down-
stream zone. According to a preferred embodiment, both the first inlet coating and the
first outlet coating comprise an oxidation catalyst. According to the present invention,
the first inlet coating and the first cutlet coating are present on the wall flow substrate at
a specific coating loading ratio defined as the inlet coating loading relative to the outlet
coating loading. In particular, said coating loading ratio is less than 0.5.

Background

Operation of lean burn engines such as diesei engines provide the user with excellent
fuel economy and have very low emissions of gas phase hydrocarbons and carbon
monoxide due to their operation at high air/fuel ratios under fuel lean conditions. Diesel
engines also offer significant advantages over gasoline engines in terms of their fuel
economy, durability, and their ability to generate high torque at low speed. However,
there are certain materials contained in diesel engine exhaust gas which are known to
cause poltution and therefore may have severe influence on the environment. Apart
from gaseous emissions such as carbon monoxide (“CQO”), unburned hydrocarbon
("HC”) and nitrogen oxides ("NOx”), diesel engine exhaust also contains condensed
phase materials, i.e. liquids and solids, which constitute the so-called particulate matter

{"PM"). The total particulate matter emissions comprised in diesel exhaust comprises,

apart from the soluble organic fraction ("SOF”) and the so-called the sulfate fraction,
the solid and dry carbonaceous fraction which is also known as “soot” fraction. This
soot contributes to the visible soot emissions commeonly associated with diesel ex-
haust. The soluble organic fraction can exist in diesel exhaust either as vapour or as an
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aerosol, i.e. fine droplets of liquid condensate, depending on the temperature of the
diesel exhaust. Generally, it is present as condensed liquid at the standard particulate
collection temperature of 52 °C in diluted exhaust, as prescribed by a standard meas-
urement test such as the U.S. Heavy Duty Transient Federal Test Procedure. These
liquids are believed to arise from two sources: one the one hand, lubricated oil swept
from cylinder walls of the engine each time the pistons go up and down, and on the
hand, unburned or only partially burned diesel fuel. The sulfate fraction is believed to
be formed from small quantities of sulfur components present in the diesel fuel.

Catalyzed filters are typically provided in diesel engine exhaust systems to achieve
high particulate matter reduction, in particular soot reduction, and to convert certain or
ali of the exhaust components to innocuous components. Known filter structures that
remove particuiate matter from diesel exhaust include honeycomb wall flow filters,
wound or packed fiber filters, open cell foams, sintered metal filters, etc. However, ce-
ramic wall flow filters, described below, receive the most attention. Typical ceramic wall
flow filter substrates are composed of refractory materials such as cordierite or silicon-
carbide. Wall flow substrates are particularly usefui to filter particulate matter from di-
esel engine exhaust gases. A common construction is a multi-passage honeycomb
structure having the ends of alternate passages on the inlet and outlet sides of the ho-
neycomb structure plugged. This construction results in a checkerboard-type pattern on
sither end. Passages plugged on the inlet axial end are open on the outlet axial end.
This permits the exhaust gas with the entrained particulate matter to enter the open
inlet passages, flow through the porous internal walls and exit through the channels
having open outlet axial ends. The particulate matter is thereby filtered on the internal
walls of the substrate. The gas pressure forces the exhaust gas through the porous
structural walls into the channels closed at the upstream axial end and open at the
downstream axial end. The accumulating particles will increase the back pressure from
the filter on the engine. Thus, the accumulating particles have to be continuously or
periodically burned out of the filter to maintain an acceptable back pressure. Catalyst
compaositions deposited along the internal walls of the wall flow substrate assist in the
regeneration of the filter substrates by promoting the combustion of the accumulated
particulate matter. The combustion of the accumulated particulate matter restores ac-
ceptable back pressures within the exhaust system. These processes may be either
passive or active regeneration processes. Both processes utilize an oxidant such as O,
or NO, to combust the particulate matter. Passive regeneration processes combust the
particulate matter at temperatures within the normal operating range of the diesel ex-
haust system. Preferably, the oxidant used in the regeneration process is NO; since
the soot fraction combusts at much lower temperatures than those needed when O,
serves as the oxidant, While O, is readily available from the atmosphere, NO, can be
actively generated though the use of upstream oxidation catalysts which oxidize NO in
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the exhaust stream.

In spite of the presence of the catalyst compaositions and provisions for using NO; as
the oxidant, active regeneration processes are generally needed to clear out the accu-
mulated particulate matter, and restore acceptable back pressures within the filter. The
soot fraction of the particulate matter generally requires temperatures in excess of 500
°C to burn under oxygen rich, i.e. lean conditions, which are higher temperatures than
those typically present in diesel exhaust. Active regeneration processes are normally
initiated by altering the engine management to raise temperatures in front of the filter
up to 670-630 °C. Depending on driving mode, high exotherms can occur inside the
filter when the cooling during regeneration is not sufficient, such as at low speed / low
load or in idle driving mode. Such exotherms may exceed 800 °C or more within the
filter. In coated wall flow filters, exposure to such high temperatures during regenera-
tion events shortens the useful lifetime of the catalyst compositions coated along the
length of the substrate. Moreover, different segments along the axial length of the sub-
strate are disproportionately affected by the regeneration precess. Deposition of the
particulate matter is not homogeneous along the length of the wall flow filter, with high-
er proportions of the particulate matter accumulating in the downstream segment of the
filter. Consequently, the temperatures are not homogeneously distributed over the
length of the substrate but show a maximum temperature in the downstream segment
during active regeneration events. Thus, the durability of the catalyst composition along
the downstream segment limits the useful lifetime of the entire catalyst-coated wali flow
substrate.

High material costs associated with certain oxidation catalysts such as, for example,
platinum group metal-containing compaositions augment the need to slow or prevent the
degradation of catalyst coatings due to active regeneration events. Catalyst coatings
disposed on wall flow filters often contain platinum group metal components as active
catalyst components to ensure acceptable conversions of the gaseous emissions such
as HC and/or CO of the diesel exhaust to innocuous components (e.g., CO,, H.O). The
loadings of such components are generally adjusted so that the catalyst substrate
meets emissions regulations even after catalyst aging.

Certain conventional coating designs for wall flow substrates have a homogeneous
distribution of coating along the entire axial length of the internal walls. in such designs
the oxidation catalyst concentration is typically adjusted to meet the emissions re-
quirements under the most stringent conditions. Maost often such conditions refer to the

‘catalyst's performance after the catalyst has aged. The cost associated with the re-

quired platinum group metal concentration is often higher than is desired.
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Other conventional coating designs for wall flow substrates employ concentration gra-
dients of the platinum group metal components along the axial length of the substrate.
In these designs certain catalyst zones, e.g., an upstream zone, have a higher concen-
tration of platinum group metals than do adjacent axial zones such as, e.g., a down-
stream zone. Typically, the internal walls of the axial zone where the higher concentra-
tion of platinum group metal components are disposed, will have a lower permeability
than an adjacent zone having a lower concentration of platinum group metals due to a
higher washcoat loading. An exhaust stream passing along the length of the inlet pas-
sage will travel through the internal wall in the segments that have the highest permea-
bility. Thus, the gas stream will tend {o flow through the internal wall segments that
have lower concentration of oxidation catalyst. This differential flow pattern can result in
inadequate pollutant conversion. For instance, certain gaseous pollutants, e.g., un-
burned hydrocarbons, require contact with higher concentrations of platinum group
metal components than do particulate components to achieve sufficient levels of com-
bustion. This requirement is exacerbated during operating conditions where the ex-
haust temperatures are cooler, e.g., at startup. '

EP 1870 573 A1 discloses a diesel particulate filter which comprises a plurality of cells
which are partitioned by porous cell walls and are closed in a staggered manner by
plugs at an upstream end of the filter and at an opposite downstream end thereof
wherein an first oxidation catalyst coating layer is formed on the entire surface of the
cell walls of the cells that are open at the upstream end of the filter, and a second oxi-
dation catalyst coating layer is formed on the surfaces of the cell walls of the cells
which are open at the downstream end of the filter, in a downstream part of the filter.
Thus, this document discloses filters having a region of the cell walls dividing the cells
which are open at the upstream end and the cells which are open at the downstream
end wherein the catalyst coating layers of the respective cells overlap, due to the fact
that the first oxidation catalyst coating layer is formed on the entire surface of the re-
spective cell walls.

WO 01/12320 A1 discloses a wall-flow filter for an exhaust system of a combustion
engine, which filter comprises a plurality of channels in honeycomb arrang'ement,
wherein af least some of the channels are plugged at an upstream end and at least
some of the channels not plugged at the upstream end are plugged at a downstream
end; an oxidation catalyst on a substantially gas impermeable zone at an upstream end
of the channels plugged at the downstream end; and a gas permeable filter zone
downstream of the oxidation catalyst for trapping soot, characterized in that in an ex-
haust system the oxidation catalyst is capable of generating sufficient NO, from NO to
combust the trapped soot continuously at a temperature less than 400 °C. According to
this document, the coatings on the opposite sides of a given cell wall are applied in
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such a way that there is a region of the cell wall which is free of coating on both sides
in order to allow for a gas permeable zone.

EP 1 486 248 A1 discloses an integrated multi-functional catalyst system which com-
prises a diesel particulate filter having an inlet side for receiving flow and an opposite
outlet side; a substrate in the diesel particulate filter having an interior wall surface and
an exterior wall surface; a first washcoat layer applied to the interior wall surface and
adjacent the inlet side; and a second washcoat layer applied to the exterior wall surface
and adjacent the outlet side, wherein flow distribution through the substrate is dis-
persed for minimizing back pressure. According to a preferred embodiment, the first
washcoat layer occupies a first length of the substrate, the second washcoat layer oc-
cupies a second length of the substrate, wherein the sum of the first length and the
second length is approximately equal to a total length of the substrate. According o a
still further preferred embodiment, EP 1 486 248 A1 discloses a diesel particulate filter
having an inlet side for receiving flow and an opposite outlet side; a plurality of honey-
comb cells within the diesel particulate filter, wherein alternating exit channels are
blocked at the inlet side and alternating inlet channels are blocked at the opposite out-
let side; a substrate for each of the inlet channels, each substrate having an interior
wall surface and an exterior wall surface; a first washcoat layer applied to the interior
wall surface and adjacent the inlet side; and a second washcoat layer, applied to the
exterior wall surface and adjacent the outlet side, wherein flow distribution through the
substrate is dispersed for minimizing back pressure. 1t is stated that this second wash-
coat layer contains a different function than the first washcoat layer.

WO 2006/031600 A1 discloses a zoned catalyzed soot fitter having a wall flow sub-
strate with an inlet end, an outlet end, a substrate axial length extending between the
inlet end and the outlet end, and a plurality of passages defined by internal walls of the
wall flow substrate. The plurality of passages has iniet passages with an open inlet end
and a closed outlet end, and outlet passages with a closed inlet end and an open outlet
end. The internal walls of the inlet passages have a first inlet coating that extends from
the inlet end to a first inlet coating end, thereby defining a first inlet coating tength. The
first inlet coating length is less than the substrate axial length. The internal walls of the
outlet passages have an outlet coating that extends from the outlet end to an outlet
coating end, thereby defining an outlet coating length. The outlet coating length is less
than the substrate axial length. The sum of the first inlet coating and outlet coating
lengths is substantially equal to the substrate axial length. The first inlet coating length
defines an upstream zone and the outlet coating length defines a downstream zone.
The first inlet coating contains at least one first inlet platinum group metal compenent,
At least 50% of the platinum group metal components are present in the upstream
zone. According to the teaching of this document, the washcoat loading ratio, defined
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as the washcoat loading of the first inlet zone relative to the washcoat loading of the
outlet coating, is in the range from 0.5 to 1.5. Thus, this document does not differen-
tiate between embodiments wherein the washcoat loading ratio is greater than or
smaller than 1. Further, a specific lower limit for the washcoat loading ratio is defined,
namely a limit of 0.5,

Generally, when an active regeneration of a catalyzed soot filter used in a diesel ex-
haust system is stopped during its run, e.g. when the engine goes into idle run, very
high temperatures occur in the rear end of the catalyzed soot filter by uncontrolled soot
burning. It is believed that the temperature maximum in that rear part of the filter de-
creases with the soot loading in the rear part of the filter. The maximum soot loading on
the filter, often referred to as soot mass limit (“SML"} is determined by this maximum
temperature. it was an object of the present invention to provide a catalyzed soot filter
which allows for an increased soot mass loading (“SML") and thus for a decreased
maximum temperature.

Therefore, the present invention is directed to a catalyzed soot filter which has a coat-
ing design which allows for a low maximum temperature during drop to idle regenera-
tion and a high soot mass limit.

Summary

Provided is a catalyzed soot filter, comprising

a wall flow substrate comprising an inlet end, an outlet end, a substrate axial length
extending between the inlet end and the outlet end, and a piurality of passages defined
by internal walls of the wall flow substrate;

wherein the plurality of passages comprise inlet passages having an open inlet end
and a closed outlet end, and outlet passages having a closed inlet end and an open
outlet end;

wherein the internal walls of the inlet passages comprise a first inlet coating that ex-
tends from the inlet end to a first inlet coating end, thereby defining a first inlet coating
length, wherein the first inlet coating length is x % of the substrate axial length with 0 <
x < 100;

wherein the internal walls of the outlet passages comprise a first outlet coating that
extends from the outlet end to a first outlet coating end, thereby defining a first outlet
coating length, wherein the first outiet coating length is 100-x % of the substrate axial
length;

wherein the first inlet coating length defines an upstream zone and the first outlet coat-
ing length defines a downstream zone;
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wherein the first inlet coating and the first outlet coating are present on the wall flow
substrate at a coating loading ratio of less than 0.5, calculated as ratic of the loading of
the first inlet coating (g/inch?® (g/(2.54 cm)®)) : loading of the second inlet coating
{g/inch® {g/(2.54 cm)®)).

Preferably, provided is a catalyzed soot filter, comprising

a wall flow substrate comprising an inlet end, an outlet end, a substrate axial length
extending between the inlet end and the outlet end, and a plurality of passages defined
by internal walls of the wall flow substrate;

wherein the plurality of passages comprise inlet passages having an open inlet end
and a closed outlet end, and outlet passages having a closed inlet end and an open
outlet end;

wherein the internal walls of the inlet passages comprise a first inlet coating that ex-
tends from the inlet end to a first iniet coating end, thereby defining a first inlet coating
fength, wherein the first inlet coating length is x % of the substrate axial length with 0 <
x <100, said first inlet coating containing an oxidation catalyst;

wherein the internal walls of the outlet passages comprise a first outlet coating that
extends from the outlet end to a first outlet coating end, thereby defining a first outlet
coating length, wherein the first outlet coating length is 100-x % of the substrate axial
fength, said first outlet coating containing an oxidation catalyst;

wherein the first inlet coating length defines an upstream zone and the first outlet coat-
ing length defines a downstream zone; ‘

wherein the first inlet coating and the first outlet coating are present on the wall flow
substrate at a coating loading ratio of less than 0.5, calculated as ratio of the loading of
the first inlet coating (g/inch® (g/(2.54 cm}*}) : loading of the second inlet coating
(g/inch® (g/(2.54 cm®)).

Further provided is a process for manufacturing such catalyzed soot filter, comprising

{i) providing a wall flow substrate, preferably having a porosity in the range of from
38 to 75, determined according to mercury porosity measurement according to
DIN 66133, said wall flow substrate comprising an inlet end, an outlet end, a
substrate axial length extending between the inlet end and the outlet end, and a
plurality of passages defined by internal walls of the wall flow substrate;
wherein the plurality of passages comprise inlet passages having an open iniet
end and a closed outlet end, and outlet passages having a closed inlet end and
an open outlet end;

(i) applying the first inlet coating to the internal walls of the inlet passages such that
the first inlet coating extends from the inlet end to the first inlet coating end
whereby a first inlet coating length is defined, wherein the first inlet coating length
is X % of the substrate axial length with 0 < x < 100, thereby adjusting the loading
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8
of the first inlet coating to a predetermined value which is preferably in the range
of from 0.1 to 1 g/inch® {g/(2.54 cm)®);
before (ii) or simultaneously with (ii) or after (ii), applying the first outlet coating to
the internal walls of the outlet passages such that the first outlet coating extends

from the outlet end to the first outlet coating end whereby a first outlet coating

length is defined, wherein the first outlet coating length is 100-x % of the sub-
strate axial length, thereby adjusting the loading of the first outiet coating to a
value so that the coating loading ratio, calculated as ratio of the loading of the
first inlet coating (gfinch?® (g/(2.54 cm)?)) : loading of the first outlet coating
(g/inch® (g/(2.54 cm}®)) is less than 0.5, preferably in the range of from 0.10 to
0.45, more preferably from 0.20 to 0.40, more preferably from 0.30 to 0.35.

Preferably, further provided is a process for manufacturing such catalyzed soot filter,
comprising

(i)

(ii)

(iil)

providing a wall flow substrate, preferably having a porosity in the range of from
38 to 75, determined according to mercury porosity measurement according to
DIN 66133, said wall flow substrate comprising an inlet end, an outlet end, a
substrate axial length extending between the inlet end and the outlet end, and a
plurality of passages defined by internal walls of the wall flow substrate;

wherein the plurality of passages comprise inlet passages having an open inlet
end and a closed outlet end, and outlet passages having a closed inlet end and
an open outlet end;

applying the first infet coating to the internal walls of the inlet passages such that
the first inlet coating extends from the inlet end to the first inlet coating end
whereby a first inlet coating length is defined, wherein the first inlet coating length
is x % of the substrate axial length with 0 < x < 100, said first inlet coating con-
taining an oxidation catalyst, thereby adjusting the loading of the first inlet coating
to a predetermined value which is preferably in the range of from 0.1 to 1 gfinch?®
(g/(2.54 cm)®);

before (ii) or simultaneously with (i) or after (ii}, applying the first outlet coating to
the internal walls of the outlet passages such that the first outlet coating extends
from the outlet end fo the first outlet coating end whereby a first outlet coating
length is defined, wherein the first outlet coating length is 100-x % of the sub-
strate axial length, said first outlet coating containing an oxidation catalyst,
thereby adjusting the loading of the first outlet coating fo a value so that the coat-
ing loading ratio, calculated as ratio of the loading of the first inlet coating (g/inch?®
(g/(2.54 cm)®)) : loading of the first outlet coating (g/inch® (g/(2.54 cm)?)) is less
than 0.5, preferably in the range of from 0.10 to 0.45, more preferably from 0.20
to 0.40, more preferably from 0.30 to 0.35.
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Also provided is a system for treating a diesel engine exhaust gas stream, the system
comprising an exhaust conduit in fluid communication with the diesel engine via an
exhaust manifold; such catalyzed soot filter; and one or more of the following in fluid
communication with the catalyzed soot filter: a diesel oxidation catalyst (DOC) articie; a
selective catalytic reduction (SCR) article; an NOx sterage and reduction (NSR) cata-
lytic article.

Mofeover, provided is a method of treating a diesel engine exhaust stream, the exhaust
stream containing soot particles, said method comprising contacting the exhaust
stream with such catalyzed soot filter, optionally after having directed the exhaust
stream through a diesel oxidation catalyst (DOC) article, said DOC article preferably
comprising a flow through substrate or a wall-flow substrate.

Further provided is the use of such catalyzed soot filter for the treatment of a diesel
engine exhaust stream, optionally in combination with a diesel oxidation catalyst (DOC)
article and/or a selective catalytic reduction (SCR) article and/or an NOx storage and
reduction (NSR) catalytic article.

Brief Description of Drawings

Fig. 1 a sketch of the zoned catalysed soot filter (CSF) with a higher washcoat
loading in the outlet zone of the CSF with a 50 % over length inlet coating
and a 50 % over length outlet coating. In Fig. 1,
1 shows the inlet coating.
2 shows the outlet coating having higher washcoat loading than the inlet
coating. _
3 shows the plug of the filter substrate to close the inlet channel.
4 shows the plug of the filter substrate to close the outlet channel.
The arrow indicates the direction of flow through the CSF. .

Fig. 2 shows a sketch of the zoned catalysed soot filter with a higher washcoat
loading in the outlet zone of the CSF with a washcoat gradient over the ax-
ial substrate length. In Fig. 2,
1 - shows the inlet coating.
2 shows the outlet coating having higher washcoat loading than the inlet
coating.
3 shows the second outlet coating on top of the outlet coating 2.
4 shows the plug of the filter substrate to close the inlet channel.
5 shows the plug of the filter substrate to close the outlet channel.
The arrow indicates the direction of flow through the CSF.
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Fig. 3

Fig. 4

Fig. 5

10

shows the placement of thermocouples 1 to 4 in samples A and B for the
drop to idle regeneration according to the Example. Thermocouple 1 is lo-
cated 1 inch from the inlet end of the CSF, thermocouple 2 is located 3
inches from the inlet end of the CSF, thermocouple 3 is located 4 inches
from the inlet end of the CSF, and thermocouple 4 is [ocated 4 inches from
the inlet end of the CSF.

The arrow indicates the direction of flow through the CSF.

shows temperature vs. time curve during the drop to idle test for the 4 ther-
macouples for sample A according to the inventive example. In Fig. 4,
thermocouple 1 is identified as 17, thermocouple 2 is identified as 2", ther-
mocouple 3 is identified as 3”, and thermocouple 4 is identified as 4",

shows temperature vs. time curve during the drop to idle test for the 4 ther-
maocouples for sample B according to the comparative example. In Fig. 5,
thermocoupie 1 is identified as 17, thermocouple 2 is identified as 2”, ther-
mocouple 3 is identified as 3%, and thermocouple 4 is identified as 4°.,

Detailed Description

The present invention relates to a catalyzed soot filter, comprising

a wall flow substrate comprising an inlet end, an outlet end, a substrate axial length
extending between the inlet end and the outlet end, and a plurality of passages defined
by internal walls of the wall flow substrate;

wherein the plurality of passages comprise inlet passages having an open inlet end
and a closed outlet end, and outlet passages having a closed inlet end and an open

outlet end;

wherein the internal walls of the inlet passages comprise a first inlet coating that ex-
tends from the inlet end to a first inlet coating end, thereby defining a first inlet coating
length, wherein the first inlet coating length is x % of the substrate axial length with 0 <

x <100;

wherein the internal walls of the outlet passages comprise a first outiet coating that
extends from the outlet end to a first outlet coating end, thereby defining a first outlet
coating length, wherein the first outlet coating length is 100-x % of the substrate axial

length;

wherein the first inlet coating length defines an upstream zone and the first outlet coat-
ing length defines a downstream zone;

- wherein the first inlet coating and the first outlet coating are present on the walt flow
substrate at a coating loading ratio of less than 0.5, calculated as ratio of the loading of
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the first inlet coating (g/inch® (g/(2.54 cm)?)) : loading of the first outlet coating (g/inch?
(g/(2.54 cm)®).

According to a preferred embodiment of the present invention, said first inlet coating
contains an oxidation catalyst. According to a further preferred embodiment of the pre-
sent invention, said first outlet coating contains an oxidation catalyst. More preferably,
both the first inlet coating and the first outlet coating comprise an oxidation catalyst.

According to the present invention, the washcoat loading ratio calculated as ratio of the
loading of the first inlet coating : loading of the first outlet coating is less than 0.5. Sur-
prisingly, it was found that by applying said first inlet coating and said first outlet coating
such that the washcoat loading ratio is less than 0.5, the SML. could be increased and
the maximum temperature necessary for drop to idle regeneration could be decreased.
Further it was found that such washcoat loading ratios of less than 0.5 allowed for a
lower frequency of active regeneration of the catatyzed soot filter during driving.

According fo preferred embodiments of the present invention, the washcoat loading
ratio calculated as ratio of the loading of the first inlet coating : loading of the first outlet
coating is less than 0.49, more preferably less than 0.45. More preferably, said wash-
coat loading ratio is in the range from 0.05 to 0.49, more preferably in the range from
0.1 to 0.45. Still more preferred embodiments are directed to said washcoat loading
ratio which is in the range from 0.15 to 0.45, more preferably in the range from 0.15 to
0.40, more preferably in the range from 0.20 to 0.40. Especially preferred are washcoat
loading ratios which are in the range from 0.25 to 0.40, more preferably from 0.25 to
0.35, more preferably from 0.30 to 0.35 such as, for example, 0.30, 0.31, 0.32, 0.33,
0.34, 0.35.

The term “washcoat loading” of a given coating as used in the context of the present
invention refers to a ioading which is determined by weight measurement of the wall
flow substrate used according to the present invention before and after having applied
the respective washcoat loading, followed by drying and calcination of the catalyzed
soot filter as described hereinunder.

According to preferred embodiments of the present invention, the loading of the inlet
coating is in the range of from 0.1 to 1 g/inch® (g/(2.54 cm)®). Even more preferably,
said loading is in the range of from 0.1 to 0.5 g/inch® (g/(2.54 cm)?).

According to the present invention, the first inlet coating length is x % of the substrate
axial length with 0 < x < 100, and the first outlet coating length is 100-x % of the sub-
strate axial length. Consequently, the sum of the first inlet coating length and the first



10

15

20

25

30

35

40

WO 2011/061321 PCT/EP2010/067914

12

outlet coating length may equal the substrate axial length. It has to be understood,
however, that due to manufacturing techniques, the first inlet coating length and the
first outlet coating length may overlap through a certain portion (“overlap region™). Itis
also conceivable that the sum of the first inlet coating length and the first outlet coating
length is slightly less than the substrate axial length resulting in a small gap between
the first inlet coating end and the first outlet coating end wherein on a given internal
wall, a certain portion of said internal wall is neither coated with the first inlet coating
nor coated with the first outlet coating (“gap region”). Generally, such gap regions
and/or overlap regions of a given internal wall, if present, are at most 1 % of the sub-
strate axial length, preferably at most 0.5 % of the substrate axial length, more prefera-
bly at most 0.1 % substrate axial length. Even more preferably, the catalyzed soot filter
of the present invention has no such gap regions.

As defined above, the first inlet coating length is x % of the substrate axial length with O
<x <100, and the first outlet coating length is 100-x % of the substrate axial length.
Typically, x is in the range from 1 to 99, preferably from 5 to 95, more preferably from
10 to 90, more preferably from 15 to 85, mare preferably from 20 to 80. According to a
preferred embodiment of the present invention wherein the catalyzed soot filter con-
tains only one inlet coating and only one outlet coating, i.e. wherein the coatings of the
catalyzed soot filter consist of the first inlet coating and the first outlet coating, x is pref-
erably in the range from 25 to 75, more preferably from 30 to 70, more preferably from
35 to 85, more preferably from 40 to 60, more preferably from 45 to 55. In particular, if
the coatings of the catalyzed soot filter consist of the first inlet coating and the first out-
let coating, x is in the range from 47 to 53 such as 47, 48, 49, 50, 51, 52, or 53, more
preferably from 48 to 52, more preferably from 49 to 51.

According to the present invention, the first inlet coating and the first outlet comprise an
oxidation catalyst. [n this context, the term “oxidation catalyst” as used in this context of
the present invention also relates to embaodiment wherein in the first inlet coating, at
least one oxidation catalyst is comprised, and wherein in the first outlet coating, at least
one oxidation catalyst is comprised. The at least one oxidation catalyst comprised in
the first inlet coating may be the same or different catalyst as the at least one oxidation
catalyst comprised in the first outlet coating.

Preferably, the oxidation catalyst comprised in the first inlet coating is a platinum group
metal (“PGM”) componeni. The term “PGM” as used in the context of the present in-
vention relates to ruthenium (Ru), rhodium (Rh), palladium (Pd), osmium (Qs), iridium

_(Ir), and platinum (Pt). Preferred oxidation catalysts comprised in the first inlet coating

are PGM components wherein the PGM is selected from the group consisting of Pt, Pd,
Rh, Ir and a mixture of two or more thereof. More preferably, the PGM is selected from
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the group consisting of Pt, Pd, and a mixture of Pt and Pd. Even more preferably, the
PGM consists of a mixture of Pd and Pt.

If the PGM of the first inlet coating contains, preferably consists of a mixture of Pd and
Pt, there are no specific restrictions as far as the weight ratio of Pt;Pd is concerned.
Typically, the weight ratio in the first inlet coating is in the range of from 10:1 to 1:10,
preferably from 9:1 to greater than 1:1, more preferably from 8:1 to 1.1:1, more pref-
erably from 7:1 to 1.2:1, more preferably from 6:1 t0 1.3:1, more preferably from 5:1 to
1.4:1, more preferably from 4:1 to 1.5:1.

Typically, the first inlet coéting of the catalyzed soot filter of the present invention com-
prises the oxidation catalyst in an amount of from 5 to 100 g/ft* {g/(30.48 cm)?), more
preferably from 7 to 90 g/ft®, more preferably from 8 to 80 g/ft*, more preferably from 9
to 70 g/ft®, more preferably from 10 to 60 g/ft®. As fo the preferred embodiment wherein
the oxidation catalyst of the first inlet coating is at least one PGM component, the term
“amount of oxidation catalyst” as used in this context of the present invention refers the
weight of the at least one PGM in the final catalyzed soot filter, i.e. the catalyzed soot
filter after drying and calcination as described hereinunder.

Preferably, the oxidation catalyst comprised in the first outlet coating is a PGM compo-
nent. Preferred oxidation catalysts comprised in the first outlet coating are PGM com-
ponents wherein the PGM is selected from the group consisting of Pt, Pd, Rh, Ir and a
mixture of two or more thereof. More preferably, the PGM is selected from the group
consisting of Pt, Pd, and a mixture of Pt and Pd. Even more preferablly, the PGM con-
sists of a mixture of Pd and Pt.

If the PGM of the first outlet coating contains, preferably consists of a mixture of Pd and
Pt, there are no specific restrictions as far as the weight ratio of Pt:Pd is concerned.
Typically, the weight ratio in the first outlet coating is in the range of from 10:1 to 1:10,
preferably from 9:1 to greater than 1:1, more preferably from 8:1 to 1.1:1, more pref-
erably from 7:1 to 1.2:1, more preferably from 6:1 to 1.3:1, more preferably from 5:1 to
1.4:1, more preferably from 4:1 to 1.5:1,

Therefore, the present invention also relates to a catalyzed soot filter as described
above, wherein the first inlet coating and the first outlet coating comprise an oxidation
catalyst which consists of platinum and palladium, wherein the weight ratio of platinum :
palladium in the first inlet coating is in the range of from 10:1 to 1:10, preferably from
4:1 to 1.5:1, and wherein the weight ratio of platinum : palladium in the first outlet coat-
ing is in the range of from 10:1 to 1:10, preferably from 4:1 to 1.5:1.
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Typically, the first outlet coating of the catalyzed soot filter of the present invention
comprises the oxidation catalyst in an amount of from & fo 100 g/ft® (g/(30.48 cm)?),
more preferably from 7 to 90 g/ft®, more preferably from 8 to 80 g/fi®, more preferably
from 9 to 70 g/ft?, more preferably from 10 to 60 g/ft®. As to the preferred embodiment
wherein the oxidation catalyst of the first outlet coating is at least one PGM component,
the term “amount of oxidation catalyst” as used in this context of the present invention
refers the weight of the at least one PGM in the final catalyzed soot filter, i.e. the cata-
lyzed soot filter after drying and calcination as described hereinunder.

According to a first preferred embodiment of the present invention, the oxidation cata-
lyst content, preferably the PGM content, of the upstream zone is lower than the oxida-
tion catalyst content, preferably the PGM content, of the downstream zone. Generally,
the PGM ratio, defined as total amount of PGM contained in the first inlet coating (g/ft3
(g/(30.48 cm)?)) divided by the total amount of PGM contained in the first outlet coating
(g/ft® (g/(30.48 cm)?)) is less than 1, preferably in the range of from 1:10 to 1:2. The
PGM ratio is preferably in the range of from 1:9 to 1:2, more preferably from 1:8 to 1:3,
and more preferably from 1:7 to 1:3.

Surprisingly, it was found that the inventive washcoat loading, together with a PGM
cortent of the first inlet coating which is lower than the PGM content of the first outlet
coating has advantages for example as pre-SCR application when a NO»/NOx ratio of
e.g., 50% is needed in the catalysed soot filter emissions for the SCR catalyst. In this
case only a low PGM loading in the upstream zone is necessary for gas activity, com-
pared to a higher PGM loading in the downstream zone. Thus PGM can be saved in
the upstream zone of the catalysed soot filter.

According to a second preferred embodiment of the present invention, thekoxidation
catalyst content, preferably the PGM content, of the upstream zone is higher than the

‘oxidation catalyst content, preferably the PGM content, of the downstream zone. Gen-

erally, the PGM ratio, defined as total amount of PGM contained in the first inlet coating

- (g/ft? (g/(30.48 cm)®)) divided by the total amount of PGM contained in the first outlet

coating (g/ft* (9/(30.48 cm)?)) is greater than 1, preferably in the range of from 2:1 o
10:2. The PGM ratio is preferably in the range of from 2:1 to 9:1, more preferably from
3:1 to 8:1, and more preferably from 3:1 to 7:1.

Surprisingly, it was found that the inventive washcoat loading, together with a PGM
content of the first inlet coating which is higher than the PGM content of the first outiet
coating results in a higher HC/CO gas conversion activity compared fo a catalysed soot
filter with a homogeneous PGM distribution over the substrate length. Thus, it was
found that this embodiment has advantages for example as CSF only application and
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downstream a DOC, when the catalysed soot filter needs to have a HC/CO gas con-
version activity. In this case the PGM leading in the upstream zone is mainly contribut-
ing to the gas activity. Thus PGM can be saved in the downstream zone of the cata-
lysed soot filter compared to a catalysed soot filter with a homogeneous PGM distribu-
tion over the CSF length. '

According to an especially preferred embodiment of the present invention, the oxidation
catalyst content, preferably the PGM content, of the upstream zone is higher than the
oxidation catalyst content, preferably the PGM content, of the downstream zone.

According to a preferred embodiment of the present invention, the first inlet coating
comprises at least one porous support material. While there are no specific restrictions,
it is preferred that the porous support material is a refractory metal oxide. More pref-
erably, the porous support material of the first inlet coating is selected from the group
consisting of alumina, zirconia, silica, titania, a rare earth metal oxide such as an oxide
of cerium, prasedodymium, lanthanum, neodymium and samarium, silica-alumina,
alumino-silicates, alumina-zirconia, alumina-chromia, alumina-rare earth metal oxide,
titania-silica, titania-zirconia, titania-alumina, and a mixture of two or more thereof.
More preferably, the at least one porous support material is selected from the group
consisting of Al,O4, ZrO;, Ce0,, Si0, and a mixture of fow or more thereof.

According to a preferred embodiment of the present invention, the first outlet coating
comprises at least one porous support material. While there are no specific restrictions,
it is preferred that the porous support material is a refractory metal oxide. More pref-
erably, the porous support material of the first outlet coating is selected from the group
consisting of alumina, zirconia, silica, titania, a rare earth metal oxide such as an oxide

~ of cerium, prasedodymium, lanthanum, neodymium and samarium, silica-alumina,

alumino-silicates, alumina-zirconia, alumina-chromia, alumina-rare earth metal oxide,
titania-silica, titania-zirconia, titania-aiumina, and a mixture of two or more thereof.
More preferably, the at least one porous support material is selected from the group
consisting of Al,Os, ZrO,, CeQ;, Si0; and a mixture of tow or more thereof.

Therefore, the present invention also relates to a catalyzed soot filter as described
hereinabove, wherein the first inlet coating and the first outlet coating comprise at least
one porous support material, wherein the at least one porous support material of the
first inlet coating is preferably selected from the group consisting of AlOa, ZrO;, CeO;,
Si0O; and a mixture of tow or more thereof, and wherein the at least one porous support
material of the first outlet coating is preferably selected from the group consisting of
Al;O;, Zr0O;, CeO,, SiO, and a mixture of tow or more thereof.
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According to a preferred embodiment, the refractory metal oxide of the first inlet coating
and/or the first outlet coating essentially consists of alumina, more preferably of gamma
alumina or activated alumina, such as gamma or eta alumina. Preferably, the activated
alumina has a specific surface area, determined according to BET surface area mea-

- surement according to DIN 66131, of from 60 to 300 m#g, preferably from 90 to 200

m3/g, more preferably from 100 to 180 m#g.

Wall flow substrates useful for the catalyzed soot filter of the present invention have a
plurality of fine, substantially parallel flow passages extending along the longitudinal
axis of the substrate. Each passage is blocked at cne end of the substrate body, with
alternate passages blocked at opposite end-faces. Such monolithic carriers may con-
tain up to about 400 flow passages (or "cells") per square inch ({2.54 cm)?) of cross
section, although far fewer may be used. For example, the carrier may have from 7 to
400, preferably from 100 to 400, cells per square inch ("cpsi"). The celis can have
cross sections that are rectangular, square, circular, oval, triangular, hexagonat, or are
of other polygonal shapes.

Preferred wall flow substrates are composed of ceramic-like materials such as cordie-
rite, alpha-alumina, silicon carbide, silicon nitride, zirconia, mullite, spodumene, alumi-
na-silica-magnesia or zirconium silicate, or of refractory metals such as stainless steel.
Preferred wall flow substrates are formed from cordierite and silicon carbide. Such ma-
terials are able to withstand the environment, particularly high temperatures, encoun-
tered in treating the exhaust streams. Ceramic wall flow substrates are typically formed
of a material having a porosity of about 40 to 70. The term “porosity” as used in this
context is understood as being determined according to mercury porosity measurement
according to DIN 66133.

According to the present invention, wall flow substrates are preferred having a porosity
in the range from 38 to 75, more preferably from 55 to 70.

For instance in some configurations, a wall flow substrate having a porosity of 60 and a
mean pore diameter of about 15-25 microns provide adequate exhaust flow. Other
specific embodiments are, for example, configurations that use wall flow substrates
with 100 cpsi that have a 17 mil wall (1 mil corresponds to 0.0254 mm), and wall flow
substrate with 300 cpsi and a 12-14 mil.

Generally, there are no restrictions as to the substrate axial lengths of the catalyzed
soot filter of the present invention. Substrate axiai [engths will mainly depend on the
intended use of the catalyzed soot filter of the present invention. Typical substrate axial
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lengths of catalyzed soot filter used, for example, in the automotive area are in the
range of from 4 to 10, preferably from 6 to 8 inches (1 inch = 2.54 cm).

Each of the coatings of the present invention present on the wall flow substrate is
formed from a respective washcoat composition that contains the at least one porous
support material as described above. Other additives such as binders and stabilizers
can also be included in the washcoat composition. Such stabilizers can be included in
either the first infet coating or in the first outlet coating or in further outlet coatings, as
described hereinunder. As disclosed in United States Patent No. 4,727,052, porous
support materials, such as activated alumina, can be thermally stabilized to retard un-
desirable alumina phase transformations from gamma to alpha at elevated tempera-
tures. Stabilizers can be selected from at least one alkaline earth metal components
selected from the group consisting of magnesium, barium, calcium and strontium, pre-
ferably strontium and barium. When present, stabilizers materials are added at from
about 0.01 g/in® (g/(2.54 cm)?®) to 0.15 g/in® (g/(2.54 cm)®) in the coating.

A given coating is disposed on the surface of the internal walls. Further, it is conceiva-
ble that a given coating is disposed on another coating which had been applied onto
the surface of the internal walls or onto yet another coating. Embodiments of the
present invention with two or more coatings, in particular two or more outlet coatings,
are described hereinunder. Further, a given coating may partially permeate the porous
internal walls or the coating onto which it is applied.

A given washcoat can be applied as coating according to any conceivable method. For
example, it is conceivable to apply a washcoat by spraying a washcoat onto the infer-

nal walls of the wall flow substrate. According to the present invention, it is preferred to
apply a given washcoat onto the internal walls of the wall flow substrate by dip-coating.

In particular if PGM components are used as oxidation catalysts, a washcoat composi-
tion to be applied onto the internal walls of the wall flow substrate is preferably pre-
pared by dispersing a suitable PGM component precursor on the a suitable porous
support material, preferably a suitable refractory metal oxide as described hereinabove,
More preferably, a water-soluble or water-dispersible PGM component precursor is
impregnated on a suitable porous support material, preferably a suitable refractory
metal oxide, followed by drying and fixing steps. Suitable PGM component precursors
include, for example, potassium platinum chloride, ammonium platinum thiocyanate,
amine-solubilized platinum hydroxide, chloroplatinic acid, palladium nitrate, rhodium
chloride, rhodium nitrate, hexamine rhodium chioride, and the like. Other suitable PGM
component precursors will be apparent to those of skill in the art. The impregnated
support material is preferably dried with the PGM component fixed thereon. Generally,
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drying temperatures are in the range from 60 to 250 °C, preferabiy from 90 to 210 °C,
more preferably from 100 to 150 °C. Drying can be carried out in any suitable atmos-
phere, with nitrogen or air. After drying, it is preferred to finally fix the PGM component
on the support material by suitable calcination and/or other suitable methods such as
treatment with acetic acid. [n generai, any method resulting in the PGM component
being in water-insoluble form is suitable. Generally, calcination témperatures are in the
range from 250 to 800 °C, preferably from 350 to 700 °C, more preferably from 400 to
600 °C. Calcination can be carried out in any suitable atmosphere, with nitrogen or air.
By, for example, calcination, the catalytically active elemental PGM or its oxide is ob-
tained. it is to be understood that the term “PGM component” present in the final cata-
lyzed soot filter as used in the context of the present invention relates to the PGM in
the form of the catalyticaily active elemental PGM, or the oxide thereof, or the mixture
of elemental PGM and the oxide thereof.

Thus, the present invention also relates to a process for manufacturing a catalyzed

soot filter as described hereinabove, the process comprising

(i) providing a wall flow substrate, preferably having a porosity in the range of from
38 to 75, determined according {o mercury porosity measurement according to
DIN 66133, said wall flow substrate comprising an inlet end, an outlet end, a
substrate axial length extending between the inlet end and the outlet end, and a
plurality of passages defined by internal walls of the wall fiow substrate;
wherein the plurality of passages comprise inlet passages having an open inlet
end and a closed outlet end, and outlet passages having a closed inlet end and
an open outlet end;

(iiy applying the first inlet coating to the internal walls of the inlet passages such that
the first inlet coating extends from the inlet end to the first inlet coating end
whereby a first inlet coating length is defined, wherein the first inlet coating length
is x % of the substrate axial length with 0 < x < 100, thereby adjusting the loading
of the first inlet coating to a predetermined value which is preferably in the range
of from 0.1 to 1 gfinch® (g/(2.54 cm)®);

(iiy before (ii) or simultanecusly with (i} or after (ii), applying the first outlet coating to
the internal walls of the outlet passages such that the first outlet coating extends
from the outlet end to the first outlet coating end whereby a first outlet coating
length is defined, wherein the first outlet coating length is 100-x % of the sub-
strate axial length, thereby adjusting the loading of the first outlet coating to a
value so that the coating loading ratio, calculated as ratio of the loading of the
first inlet coating (g/inch® (g/(2.54 cm)?)) : loading of the first outlet coating
(gfinch® (g/(2.54 cm)?)} is less than 0.5, preferably in the range of from 0.10 to
0.45, more preferably from 0.20 to 0.40, more preferably from 0.30 to 0.35.
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According to a preferred embodiment of the present invention, said first inlet coating
contains an oxidation catalyst. According to a further preferred embodiment of the pre-
sent invention, said first outlet coating contains an oxidation catalyst. More preferably,
both the first iniet coating and the first outlet coating comprise an oxidation catalyst.

According to an embodiment of the present invention, the catalyzed soot filter contains
a first inlet coating, a first outlet coating, and additionally comprises at least one further
outlet coating. Generally, the catalyzed soot filter of the present invention may addi-
tionally contain k further outiet coatings, with k being an integer with k = 1. Preferably,
the catalyzed soot filter of the present invention may contain up to 9, more preferably
up to 7, more preferably up to 5, and more preferably up to 3 additional outlet coatings,
such as 1, 2, or 3 additional outlet coating.

Most preferably, the (j+1)" outlet coating of the catalyzed soot filter of the present in-
vention is located on top of the i outlet coating. By way of example, if the catalyzed
soot filter contains 3 additional outlet coatings, the second outlet coating, i.e. the first
additional outlet coating (wherein j=1) is located on fop of the first outlet coating, the
third outlet coating, i.e. the second additional outlet coating (wherein j=2} is located on
top of the second outlet coating, and the fourth outlet, i.e. the third additional outlet
coating (wherein j=3) is located on top of the third outlet coating.

Typically, a given additional outlet coating extends from the (overall) outlet end of the
catalyzed soot filter to the respective end of this out let coating. Thus, the length of this
outlet coating is defined. Generally speaking, the (j+1)" outlet coating of the catalyzed
soot filter of the present invention extends from the outlet end to a (j+1)" outlet coating
end, thereby defining a (j+1)" outlet coating length.

Generally, it is conceivable that the outlet coating length of a given outlet coating is
smaller or equal to the outlet coating length of the outlet coating on which said given
outlet coating is located. By way of example, if the catalyzed soot filter contains 3 addi-
tional outlet coatings, the second outlet coating, i.e. the first additional outlet coating
{wherein j=1) is located on top of the first outlet coating wherein the second outlet coat- .
ing length is smaller or equal to the first outlet coating length, the third outlet coating,
i.e. the second additional outlet coating (wherein j=2} is located on top of the second
outlet coating wherein the third outlet coating length is smaller or equal to the second
outlet coating length, and the fourth outlet, i.e. the third additional outlet coating
(wherein j=3) is located on top of the third outlet coating wherein the fourth outlet coat-
ing length is smaller or equal to the third outlet coating length. Generally speaking, the
(7+1)" outlet coating length is y:.+ % of the " outlet coating length with 0 < y.; < 100,
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Therefore, the present invention alsc relates to a catalyzed soot filter as described
hereinabove, the catalyzed soot filter additionally comprising k further outlet coatings,
wherein the (j+1)" outlet coating is located on top of the | outlet coating, said (j+1)"
outlet coating extending from the outlet end to a (j+1)" outlet coating end, thereby de-
fining a (j+1)" outlet coating length,
wherein the (j+1)" outlet coating length is Yir1 % of the i outiet coating length with 0 <
Yi+1 = 100;
wherein k is an integer with k = 1, k preferably being in the range of from 1 to 4, mare
preferably from 1 to 3; and
wherein jis anintegerwith 1 £j k.

As described above, the outlet coating length of a given outlet coating is smaller than
or equal to the length of the outlet coating on which said given outlet coating is located.
Generally, the (j+1)" outlet coating length is ¥ir1 % of the ™ outlet coating length with 0
< yi,1 $ 100. According to preferred embodiments of the present invention, the outlet
coating length of a given outlet coating is smaller than the length of the outlet coating
on which said given outlet coating is located. Thus, preferably, 0 < ;.4 < 100. Still more
preferably, the outlet coatings will form a somewhat regular “staircase-shaped” struc-
ture wherein, depending on the first outlet coating length, a given length of an addi-
tional outlet coating has a specific length. Namely, the (j+1)" outlet coating length is
100 - (1 —j/ (k+1)) % of the first outlet coating length.

Generally, as described above, the first inlet coating length is x % of the substrate axial
length with 0 < x < 100. In case the catalyzed soot filter of the present invention con-
tains at least one additional outlet coating, i.e. in total at least two outlet coatings, also
the first inlet coating length is chosen so as to form, together with staircase-shaped
structure of the ouflet coatings, a regular staircase-shaped pattern, with each of the
steps having esséntialfy the same length. Therefore, according to a preferred embodi-
ment of the present invention, x is 100 / (k+2).

If the catalyzed soot filter of the present invention contains one or more additional out-
let coatings, a given outlet coating may have the same chemical composition as one or
all of the other outlet coatings. It is also possible that all outlet coatings have different
chemical compositions.

It is preferred that at least one, preferably each of the further k outlet coatings com-
prises an oxidation catalyst. Preferably, the oxidation catalyst comprised in a further
outlet coating comprises at least one platinum group metal (PGM). More preferably, the
oxidation catalyst comprised in a further outlet coating is selected from the group con-
sisting of platinum, palladium, rhodium, iridium, and a mixture of two or more thereof.
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Each outlet coating may comprise the same or a different oxidation catalyst. More pref-
erably, the oxidation catalyst of the at least one, preferably of each of the further k out-
let coatings consists of a mixture of platinum and palladium.

In case the catalyzed soot filter of the present invention contains two or more outlet
coatings, it is preferred that the outlet coatings in total, namely the k+1 outlet coatings
in total comprise the oxidation catalyst in an amount of from 5 {o 100 g/ft®, more pref-
efably from 7 to 90 g/ft?, more preferably from & to 80 g/ft®, more preferably from g to
70 g/ft®, preferably from 10 to 60 g/ft® (9/(30.48 cm)®). As to the preferred embodiment
wherein the oxidation catalyst of the outlets coating is at least one PGM component,
the term “amount of oxidation catalyst” as used in this context of the present invention
refers the wéight of the at least one PGM in the final catalyzed soot filter, i.e. the cata-
tyzed soot filter after drying and calcination.

Further, in case the catalyzed soot filter of the present invention contains two or more
outlet coatings, it is preferred that the PGM ratio, defined as amount of PGM contained
in the first inlet coating (g/ft* (g/(30.48 cm)?)} divided by the total amount of PGM con-
tained in the k+1 outlet coatings (g/ft* (g/(30.48 cm)?)) is in the range of from 1:10 to
1:2. The PGM ratio is preferably in the range of from 1:9 fo 1:2, more preferably from
1:8 {o 1.3, and more preferably from 1.7 to 1:3., preferably in the range of from 1:7 o
1:3.

According to another embodiment, in case the catalyzed soot filter of the present inven-
tion contains two or more outlet coatings, it is preferred that the PGM ratio, defined as
amount of PGM contained in the first inlet coating (g/ft* (9/(30.48 cm)3)) divided by the
total amount of PGM contained in the k+1 outlet coatings (g/ft* {(g/(30.48 ¢cm)?)} is in the
range of from 2:1 to 10:1. The PGM ratio is preferably in the range of from 2:1 to 9:1,
more preferably from 3:1 to 8:1, and more préferably from 3:1 10 7:1.

As described hereinabove, it is preferred that the first inlet coating and each of the out-
let coatings in case the catalyzed soot filter of the present invention contains an oxida-
tion catalyst which most preferably consists of a mixture palladium and platinum. Typi-
cally, the weight ratio Pt:Pd in the first outlet coating is in the range of from 10:1 to
1:10, preferably from 9:1 to greater than 1:1, more preferably from 8:1 to 1.1:1, more
preferably from 7:1 to 1.2:1, more preferably from 6:1 to 1.3:1, more preferabiy from 5:1
to 1.4:1, more preferably from 4:1 to 1.5:1, as described hereinabove. Further, it is pre-
ferred that the weight ratio of platinum : palladium in the k+1 outlet coating is in the
range of from 10:1 to 1:10, preferably from 9:1 to greater than 1:1, maore preferably
from 8:1 to 1.1:1, more preferably from 7:1 to 1.2:1, more preferably from 6:1 {0 1.3:1,
more preferably from 5:1 to 1.4:1, more preferably from 4:1 to 1.5:1.
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Therefore, the present invention also relates to a catalyzed soot filter as described
hereinabove, wherein the first inlet coating and the k+1 outlet coatings comprise an
oxidation catalyst which consists of platinum and palladium, wherein the weight ratio of
platinum : palladium in the first inlet coating is in the range of from 10:1 o 1:10, pref-
erably from 4:1 to 1.5:1, and wherein the weight ratio of platinum : palladium in the k+1
outlet coating is in the range of from 10:1 to 1:10, preferably from 4:1 to 1.5:1.

[t is also possible that in the k+1 outlet coatings, only platinum or only paliadium is con-
tained.

According to a preferred embodiment of the present invention, at least one of the fur-
ther outlet coatings, preferably each of the further outlet coatings comprises at least
one porous support material. If a given further outlet coating comprises at least one
porous material, it may contain the same or a different porous material compared to
another outlet coating. More preferably, all outlet coatings comprise at least one porous
material. While there are no specific restrictions, it is preferred that the porous support
material comprised in the further outlet coatings is a refractory metal oxide. More pref-
erably, the porous support material of the at least one further outlet coatings, preferably
of each of the further outlet coatings, is selected from the group consisting of alumina,
zirconia, sitica, fitania, a rare earth metal oxide such as an oxide of cerium, praseodym-
ium, lanthanum, neodymium and samarium, silica-alumina, alumino-silicates, alumina-
zirconia, alumina-chromia, alumina-rare earth metal oxide, titania-silica, titania-zircania,
titania-alumina, and a mixture of two or more thereof. More preferably, the at least one
porous support material is selected from the group consisting of Al,Os, Zr0,, CeO,,
Si0; and a mixture of tow or more thereof.

Thus, the present invention also relates to a catalyzed soot filter as described herein-
above, wherein at least one, preferably each of the k further outlet coatings comprises
at least one porous support material, wherein the at least one porous support material
of the at least one, preferably of each of the k further outlet coating is preferably se-
lected from the group consisting of Al,Oa, ZrQ,, CeQ,, SiC, and a mixture of tow or
more thereof.

Therefore, the present invention also relates {o a catalyzed soot filter as described
hereinabove, wherein the first inlet coating and the outlet coatings comprise at least
one porous support material, wherein the at least one porous support material of the
first inlet coating is preferably selected from the group consisting of Al;Os, ZrO;, CeOs,
Si0O; and a mixture of tow or more thereof, and wherein the at least one porous support
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material of the outlet coatings is preferably selected from the group consisting of Al;Os,
Zr0,, CeD,, SiO; and a mixture of tow or more thereof.

According to a preferred embodiment, the refractory metal oxide of the first inlet coating
and/or the outlets coating essentially consists of alumina, more preferably of gamma
alumina or activated alumina, such as gamma or eta alumina. Preferably, the activated
alumina has a specific surface area, determined according to BET surface area mea-
surement according to DIN 66131, of from 60 to 300 m¥g, preferably from 90 to 200
m2/g, more preferably from 100 to 180 m#g.

According to an even more preferred embodiment of the present invention, each of the
outlet coatings has the same chemical composition, i.e. in the process for the prepara-'
tion of the catalyzed soot filter of the present invention, coating the wall flow substrate
with the k+1 outlet coatings is carried out using one specific washcoat composition.
More preferably, all coatings, i.e. the first inlet coating and all outlet coatings have the
same chemical composition.

In case the catalyzed soot filter of the present invention comprises one or more further
outlet coatings, i.e. at least two outlet coatings, the first inlet coating and the outlet
coatings are present on the wall flow substrate at a coating loading ratio of less than
0.5, calculated as ratio of the loading of the first inlet coating (g/inch® (g/(2.54 cm)?)) :
total loading of all outlet coatings (g/inch? (g/(2.54 cm)®)).

As far as the process for manufacturing the catalyzed soot filter of the present invention
is concerned which comprises two or more outlet coatings, essentially the same proc-
ess is carried out as described hereinabove for the catalyzed soot filler comprising a
first inlet coating only. However, after step (iii), the at least one further outlet coating is
applied onto the first outlet coating. Preferably, after having applied the first inlet coat-
ing, optionally after a first drying and/or calcination, the second outlet coating is applied
onto the first outlet coating. If a third outlet coating is applied, it is preferred, optionally
after drying and/or calcination the filter containing the first and second outlet coatings,
to apply the third outiet coating onto the second outlet coating. Therefore, the present
invention also relates to a process as described hereinabove, wherein said process
further comprises
(iv)  after (i), applying k further outlet coatings, wherein the (j+1)" outlet coating is
applied onto the j" outlet coating so that the (j+1)" outlet coating extends from
the outlet end to a (j+1)” outlet coating end, thereby defining a (j+1)" outlet coat-
ing length and the (j+1)" outlet coating length is v, % of the [ outlet coating
length with 0 < y;.+ = 100;
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wherein k is an integer with k =z 1, k preferably being in the range of from 1 {o 4,
more preferably from 1 to 3; and
wherein jis an integer with 1 £j < k.

More preferably, the (j+1)}" outlet coating is applied onto the |* outlet coating so that the
(j+1)" outlet coating length is 100 - (1 —j/ (k+1)) % of the first outlet coating length.
Even more preferably, in (i), the first inlet coating is applied so that x is 100 / (k+2).

As far as typical and preferred methods of applying the k further outlet coatings are
concerned, reference can be made to the typical and preferred methods as described
hereinabove for the application of the first outlet coating. As far as typical and preferred
conditions applied during the drying and/or calcination steps between or after applica-
tion of the individual outlet coatings are concerned, reference can be made to the typi-
cal and preferred conditions described hereinabove for drying and/or calcination of the
first outlet coating.

The catalyzed soot filter of the present invention can be used in'an integrated emission
treatment system, in particular an exhaust conduit comprising one or more additional
components for the {reatment of diesel exhaust emissions. For example, such exhaust
conduit which is most preferably in fluid communication with the diesel engine may
comprise a catalyzed soot fifter according to the present invention and may further
comprise a diesel oxidation catalyst (DOC) article and/or a selective catalytic reduction
(SCR) article and/or an NOx storage and reduction (NSR) catalytic article. Most
preferably, the DOC article and/or the SCR article and/or the NSR article are in fluid
communication with the catalyzed soot filter. The diesel oxidation catalyst can be lo-
cated upstream or downstream from the catalyzed soot filter and/or selective catalytic
reduction component. More preferably, the catalyzed soot filter of the present invention
is located downstream from the DOC article. Still more preferably the catalyzed soot
filter of the present invention is located either upstream or downstream of the SCR ar-
ticle.

Therefore, the present invention also relates to a system for treating a diesel engine
exhaust stream, the system comprising ;‘

an exhaust conduit in fluid communication with the diesel engine via an exhaust mani-
fold;

the catalyzed soot filter as described hereinabove; and

one or more of the following in fluid communication with the catalyzed soot filter: a die-
sel oxidation catalyst (DOC) article; a selective catalytic reduction (SCR) article; an
NOx storage and reduction (NSR) catalytic article.
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A suitable SCR article for use in the exhaust conduit is typically able to effectively cata-
lyze the reduction of the NOx component comprised in the diesel exhaust at tempera-
tures below 600°C, so that adequate NOx levels can be treated even under conditions
of low load which typically are associated with lower exhaust temperatures. Preferably,
a suitable SCR article is capable of converting at least 50% of the NOx component to
Nz, depending on the amount of suitable reductant added to the system. Another desir-
able attribute for the SCR article is that it possesses the ability to catalyze the reaction
of O, with any excess NH; to N, and H,O, so that NH; is not emitted to the atmos-
phere. Useful SCR catalyst compositions used in the exhaust conduit should also have
thermal resistance to temperatures greater than 650°C. Such high temperatures may
be encountered during regeneration of the upstream catalyzed soot filter. Suitable SCR
articles are described, for instance, in US 4,961,917 and US 5,516,497, Suitable SCR
articles include one or both of an iron and a copper promoter typically present in a zeo-
lite in an amount of from about 0.1 to 30 percent by weight, preferably from about 1 to 5
percent by weight, of the total weight of promoter plus zeolite. In addition to their ability
to catalyze the reduction of NOx with NHj to N,, the disciosed SCR articles can aiso
promote the oxidation of excess NH; with O, especiaily for those compositions having
higher promoter concentrations.

The exhaust gas treatment system of the present invention may further comprise a
NOx storage (and optionally reduction) article. The NOx storage (and optionally reduc-
tion) article is preferably located downstream of the catalyzed soot filter.

Further, the present invention also relates fo a method of treating a diesel engine ex-
haust stream, the exhaust stream containing soot particles, said method comprising
contacting the exhaust stream with the catalyzed soot filter as described hereinabove,
optionally after having directed the exhaust stream through a diesel oxidation catalyst
(DOC) article, said DOC article preferably comprising a flow through substrate or a
wall-flow substrate. This method optionally further comprises directing the exhaust
stream resulting from the DOC article or from the catalyzed soot filter through a selec-
tive catalytic reduction (SCR) article.

In the following, the present invention is further illustrated by the examples.
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Examples

1.  Catalyst preparation

1.1 Zoned catalysed soot filter with a washcoat loading ratio of inlet/outlet
coating of 0.3 {(Sample A, inventive embodiment)

For the inlet coating, 0.3 g/in® of gamma-alumina was impregnated with an aqueous
solution of Palladium nitrate giving a final dry Pd content of 10 g/ft® followed by an im-
pregnation of a Platinum solution with Platinum as an amine stabilized Pt complex to
give a dry content of Pt 20 g/ft®. The resulting powder was dispersed in water. Subse-
quently, the resulting slurry was used for coating the cordierite filter substrate (SiC,
length: 6 inches = 15.24 cm; diameter: 5.66 inches = 14.38 cm) from the inlet side to 50
% of the total filter length. After drying at 110 °C air and calcination at 450 °C in air the
amount of washcoat on the 50 % inlet of the filter substrate was approximately 0.32
g/in?.

For the outlet coating 1.0 g/in® of gamma-alumina was impregnated with an aqueous
solution of Palladium nitrate giving a final dry Pd content of 5 g/ft® followed by an im-
pregnation of a Platinum solution with Platinum as an ammine stabilized Pt complex to
a dry content of Pt 10 g/ft®. The resulting powder was dispersed in water. Subsequent-
ly, the resulting slurry was used for coating the cordierite filter substrate from the fiiter
outlet side to 50 % of the total filter length. After drying at 110 °C air and calcination at
450 °C in air the amount of washcoat on the 50 % outlet of the filter substrate was ap-
proximately 1.01 g/in®

Thus, the coating loading ratio was approximately 0.32.

1.2 Zoned catalysed soot filter with a uniform washcoat loading ratio of
inlet/outlet coating {Sample B, comparative example)

For the inlet coating 0.3 g/in® of gamma-alumina was impregnated with an aqueous
solution of Palladium nitrate giving a final dry Pd content of 10 g/ft® followed by an im-
pregnation of a Platinum solution with Platinum as an amine stabilized Pt complex to
give a dry content of Pt 20 g/ft®. The resulting powder was dispersed in waler. Subse-
guently, the resulting siurry was used for coating the filter substrate (same substrate as
in 1.1) from the inlet side to 50 % of the total filter length. After drying at 110°C air and
calcination at 450°C in air the amount of washceat on the 50% inlet of the filter sub-
strate were approximately 0.32 g/in3.
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For the outlet coating 0.3 g/in® of gamma-alumina was impregnated with an agueous
solution of Palladium nitrate giving a final dry Pd content of 5 g/ft* followed by an im-
pregnation of a Platinum solution with Platinum as an ammine stabilized Pt complex to
a dry content of Pt 10 ¢/ft>. The resulting powder was dispersed in water. Subsequent-
ly, the resulting slurry was used for coating the filter substrate from the filter outiet side
to 50 % of the total filter length. After drying at 110 °C air and calcination at 450 °C in
air the amount of washcoat on the 50 % outlet of the filter substrate were approximately
0.32 gfin®.

Thus, the coating loading ratio was approximately 1.0.

2. Comparison of state of the art catalyst technologies with invention tech-
nology (Testing of maximum soot ioading by drop to idle regeneration test)

2.1 Sample A (Inventive)

Zoned catalysed soot filter with a washcoat [oading ratio of inlet/outlet coating of 0.32:
- Inlet coat: 20 g/ft* Pt, 10 g/ft® Pd, 0.3 g/in® gamma-alumina
- Qutlet coat: 10 g/ft® Pt, 5 g/ft® Pd, 1.0 g/in® gamma-alumina

2.2 Sample B (Comparative)

Zoned catalysed soot filter with a washcoat loading ratio of inlet/outlet coating of ap-
proximately 1 (uniform washcoat loading):

- Inlet coat; 20 g/ft®* Pt, 10 g/ft® Pd, 0.3 g/in® gamma-alumina

- Outlet coat: 10 g/ft* Pt, 5 g/ft? Pd, 0.3 g/in® gamma-alumina

3.  Test procedures (Drop to Idle Testing for SML)

Samples A and B were tested for maximum temperature in drop to idle regeneration
testing. The lower the maximum temperature and gradient during drop to idle regenera-
tion, the higher the maximum soot lcading of the filter. Prior testing, the samples were
loaded with 5.5 g/l (= 5.5 g per | substrate) soot in the exhaust stream of a 4 cylinder
light duty diesei engine with 2 L engine displacement via low city mode driving.

For drop to idle regeneration testing, each sample was placed downstream in the ex-

haust line from a 4 cylinder light duty diese! engine with 2 L displacement. The temper-
ature in front of the catalyzed soot filter was raised to 620 °C. When the temperature in
the first thermocouple (1, ¢f. Fig. 3, distance from the CSF inlet side: 1 inch = 2.54 cm)
of the catalyzed soot filter reached 650°C by soot regeneration, the engine was switch-
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ed to idle mode. The highest temperatures and temperature gradients occured in the
rear part of the CSF.

The placement of thermocouples 1 to 4 in samples A and B for the drop to idle regen-
eration is shown in Fig 3. The temperature vs. time curves during the drop to idle test
for the 4 thermocouples for samples A and B are shown in Fig. 4 and Fig.5, respec-
tively. Sample A showed significant lower maximum temperatures compared to sample
B. Since the lower the temperature, the higher the soot mass limit, the maximum soot
mass limit is higher for sample A. The maximum temperatures for the thermocouples in
the catalysed soot filter samples A and B are shown Table 1 below. The maximum
temperature in the rear position at thermocouple 4° from the catalyzed soot filter inlet is
approximately 140 °C lower for the zoned catalysed soot filter with a washcoat loading
ratio of inlet/outlet coating of 0.32:

Sample Thermocouple position

1 2 3 4

1 inch from 3inches from | 4 inches from | 5 inches from

CSF inlet CSF inlet CSF inlet CSF inlet
Sample A 650°C 665°C 693°C 722°C
Sample B 650°C 680°C 744°C 860°C
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Claims

A catalyzed soot filter, comprising

a wall flow substrate comprising an inlet end, an outlet end, a substrate axial
length extending between the inlet end and the outlet end, and a plurality of pas-
sages defined by internal walls of the wall flow substrate;

wherein the plurality of passages comprise inlet passages having an open inlet
end and a closed outlet end, and outiet passages having a closed inlet end and
an open outlet end; '

wherein the internal walls of the inlet passages comprise a first inlet coating that
extends from the inlet end to a first inlet coating end, thereby defining a first inlet
coating length, wherein the first inlet coating length is x % of the substrate axial
length with 0 < x < 100; ‘

wherein the internal walls of the outlet passages comprise a first outlet coating
that extends from the outlet end to a first outlet coating end, thereby defining a
first outlet coating length, wherein the first outlet coating length is 100-x % of the
substrate axial l[ength;

wherein the first inlet coating length defines an upstream zone and the first outlet
coating length defines a downstream zone;

wherein the first inlet coating and the first outlet coating are present on the wall
flow substrate at a coating loading ratio of less than 0.5, calculated as ratio of the
loading of the first infet coating (g9/inch® (g9/(2.54 cm)?)) . loading of the first outlet
coating (g/inch® (g/(2.54 cm)?)).

The catalyzed soot filter of claim 1, wherein the first inlet coating contains an oxi-
dation catalyst and wherein the first outlet coating contains an oxidation catalyst.

The catalyzed soot filter of claim 1 or 2, wherein the coating loading ratio is in the
range of from C.10 to 0.45, preferably from 0.20 to G.40, maore preferably from
0.30 to 0.35.

The catalyzed soot filter of any of claims 1 to 3, wherein x is in the range of from
25 to 75, preferably from 35 to 65, more preferably from 45 to 55.

The catalyzed soot filter of any of claims 1 to 4, wherein the first inlet coating
comprises an oxidation catalyst comprising at least one platinum group metal
(PGM), preferably selected from the group consisting of platinum, palladium, rho-
dium, iridium, and a mixture of two or more therecf, and wherein the oxidation
catalyst of the first inlet coating more preferably consists of a mixture of platinum
and palladium.
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The catalyzed soot filter of any of claims 1 to 5, wherein the first inlet coating
comprises the oxidation catalyst in an amount of from 5 to 100 g/ft® {g/(30.48
cm)?), preferably from 10 to 60 g/ft® (g/(30.48 cm)®).

The catalyzed soot filter of any of claims 1 to 6, wherein the first outlet coating
comprises an oxidation catalyst comprising at least one platinum group metal
(PGM), preferably seiected from the group consisting of platinum, palladium, rho-
dium, iridium, and a mixture of two or more thereof, and wherein the oxidation
catalyst of the first outlet coating more preferably consists of a mixture of plati-
num and palladium.

The catalyzed soot filter of any of claims 2 to 7, wherein fhe first outlet coating
comprises the oxidation catalyst in an amount of from 5 to 100 g/ft® (g/(30.48
cm)?), preferably from 10 to 60 g/ft® (g/(30.48 cm)?).

The catalyzed soot filter of any of claims 5 to 8, wherein the PGM ratio, defined
as total amount of PGM contained in the first intet coating (g/ft* (g/(30.48 cm)?))
divided by the total amount of PGM contained in the first outlet coating (g/ft®
(9/(30.48 cm)?®)) is in the range of from 1:10 to 1:2, preferably in the range of from
1710 1:3.

The catalyzed soot filter of any of claims 5 to 8, wherein the PGM ratio, defined
as total amount of PGM contained in the first inlet coating (g/ft* (g/(30.48 cm)®))
divided by the total amount of PGM contained in the first outlet coating (g/f*
(g/(30.48 cm)*)) is in the range of from 2:1 to 10:1, preferably from 3:1 to 7:1.

The catalyzed soot filter of any of claims 1 to 10, wherein the first inlet coating
and the first outlet coating comprise an oxidation catalyst which consists of plati-
num and palladium, wherein the weight ratio of platinum ; palladium in the first
inlet coating is in the range of from 10:1 to 1:10, preferably from 4:1 {0 1.5:1, and
wherein the weight ratio of platinum : palladium in the first outlet coating is in the
range of from 10:1 to 1:10, preferably from 4:1 to 1.5:1.

The catalyzed soot filter of any of claims 1 to 11, wherein the first inlet coating
and the first outlet coating comprise at least one porous support material,
wherein the at least one porous support material of the first inlet coating is pref-
erably selected from the group consisting of Al;Os;, ZrO,, CeQs;, SiC, and a mix-
ture of tow or more thereof, and wherein the at least one porous support material
of the first outlet coating is preferably selected from the group consisting of Al,Cs,
ZrQ,, CeQ,, Si0O, and a mixture of tow or more therecf.
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The catalyzed soot filter of any of claims 1 to 12, additionally comprising k further
outlet coatings, .
wherein the (j+1)" outlet coating is located on top of the i outlet coating, said
(j+1)" outlet coating extending from the outlet end to a (j+1)" outlet coating end,
thereby defining a (j+1)" outlet coating length,
wherein the (j+1)" outlet coating length is v % of the | outlet coating length
with 0 <y = 100;
wherein Kk is an integer with k2 1, k preferably being in the range of from 1 to 4,
more preferably from 1 fo 3; and '
wherein jis anintegerwith 1 <j <k

The catalyzed soot filter of claim 13, wherein the (j+1)" outlet coating length is
10G - (1 -]/ (k+1)) % of the first outlet coating length.

The catalyzed soot filter of claim 13 or 14, wherein x is 100 / (k+2).

The catalyzed soot filter of any of claims 13 to 15, wherein at ieast one, prefera-
bly each of the further k outlet coatings comprises an oxidation catalyst compris-
ing at least one platinum group metal (PGM), preferably selected from the group
consisting of platinum, palladium, rhodium, iridium, and a mixture of two or more
thereof, and wherein the oxidation catalyst of the at least one, preferably of each
of the further k outlet coatings more preferably consists of a mixture of platinum

and palladium.

The catalyzed soot filter of any of claims 13 to 16, wherein the k+1 outlet coatings
in total comprise the oxidation catalyst in an amount of from 5 to 100 g/ft®
(g/(30.48 cm)?), preferably from 10 to 60 ¢/ft® (g/(30.48 cm)?).

The catalyzed soot filter of any of claims 13 to 17, wherein the PGM ratio, defined
as amount of PGM contained in the first inlet coating (g/ft® {g/(30.48 cm)?)) di-
vided by the total amount of PGM contained in the k+1 outlet coatings (g/ft*
(9/(30.48 cm)®)) is in the range of from 1:10 to 1:2, preferably in the range of from
1:71t01:3.

The catalyzed soot filter of any of claims 13 {0 17, wherein the PGM ratio, defined
as amount of PGM contained in the first inlet coating (g/ft® (¢/(30.48 cm)?)) di-
vided by the total amount of PGM contained in the k+1 outlet coatings (g/ft®
(g/(30.48 cm)?)) is in the range of from 2:1 to 10:1, preferably from 3:1 to 7:1.

The catalyzed soot filter of any of claims 13 to 19, wherein the first inlet coating
and the k+1 outlet coatings comprise an oxidation catalyst which consists of
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platinum and palladium, wherein the weight ratio of platinum : palladium in the
first inlet coating is in the range of from 10:1 to 1:10, preferably from 4:1 to 1.5:1,
and wherein the weight ratio of platinum ; palladium in the k+1 outlet coating is in
the range of from 10:1 to 1:10, preferably from 4:1 to 1.5:1.

The catalyzed soot filter of any of claims 13 to 22, wherein at ieast one, prefera-
bly each of the Kk further outlet coatings comprises at least one porous support
material, wherein the at [east one porous support material of the at least one,
preferably of each of the k further outlet coating is preferably selected from the
group consisting of Al,Os, ZrO,, CeO,, SiO; and a mixture of tow or more thereof.

The catalyzed soot filter of any of claims 1 to 21, wherein the wall flow substrate
has a porosity in the range of from 38 to 75, determined according to mercury po-
rosity measurement according to DIN 66133, wherein the wall flow substrate is
preferably a cordierite substrate or a silicon carbide substrate.

The catalyzed soot filter of any of claims 1 to 22, wherein the loading of the first
inlet coating is in the range of from 0.1 to 1 g/inch® (g/(2.54 cm)?), preferably from
0.1 t0 0.5 g/inch?® {g/(2.54 cm)?).

A process for manufacturing a catalyzed soot fiiter of any of claim 1 to 23, com-
prising _

(i)  providing a wall flow substrate, preferably having a porosity in the range of
from 38 to 75, determined according fo mercury porosity measurement ac-

" cording to DIN 66133, said wall flow substrate compiising an inlet end, an
outlet end, a substrate axial length extending between the inlet end and the
outlet end, and a plurality of passages defined by internal walls of the wall
flow substrate;
wherein the plurality of passages comprise inlet passages having an open
inlet end and a closed outlet end, and outlet passages having a closed inlet
end and an open outlet end;

(i) applying the first inlet coating to the internal walls of the inlet passages
such that the first inlet coating extends from the inlet end to the first inlet
coating end whereby a first inlet coating length is defined, wherein the first
inlet coating length is x % of the substrate axial length with 0 < x < 100,
thereby adjusting the loading of the first inlet coating to a predetermined
value which is preferably in the range of from 0.1 to 1 gfinch® (g/(2.54 cm)®);

(i) before (ii) or simultaneously with (ii) or after (ii), applying the first outlet
coating to the internal walls of the outlet passages such that the first outlet
coating extends from the outlet end to the first outlet coating end whereby a
first outlet coating length is defined, wherein the first outlet coating length is
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100-x % of the substrate axial length, thereby adjusting the loading of the
first outlet coating to a value so that the coating loading ratio, calculated as
ratio of the loading of the first inlet coating (g/inch® (g/(2.54 cm}®)) : loading-
of the first outlet coating (g/inch® (g/(2.54 cm)?)) is less than 0.5, preferably
in the range of from 0.10 to 0.45, more preferably from 0.20 to 0.40, more
preferabiy from 0.30 to 0.35.

The process of claim 24, wherein the first inlet coating contains an oxidation cata-
lyst and the first outlet coating contains an oxidation catalyst.

The process of claim 24 or 25, further comprising

(iv) after (iii), applying k further outiet coatings, wherein the (j+1)" outlet coating
is applied onto the j" outlet coating so that the (j+1)" outlet coating extends
from the outlet end to a {j+1)" outlet coating end, thereby defining a (j+1)"
outlet coating length and the (j+1)* outlet coating length is yi..q % of the "
outtet coating length with 0 < y;.s = 100;
wherein K is an integer with k = 1, k preferably being in the range of from 1
to 4, more preferably from 1 to 3; and
wherein j is an integerwith 1 £ j s k.

The process of claim 26, wherein the (j+1)" outlet coating is applied onto the j©
outlet coating so that the (j+1)" outlet coating length is 100+ (1 —j/ (k+1)) % of
the first outiet coating length.

The process of any of claims 24 to 27, wherein in (i), the first inlet coating is ap-
plied so that x is 100 / (k+2).

A system for freating a diesel engine exhaust stream, the system comprising

an exhaust conduit in fluid communication with the diesel engine via an exhaust

manifold;

the catalyzed soot filter of any of claims 1 to 23; and

one or more of the following in fluid communication with the catalyzed soot filter:

a diesel oxidation catalyst (DOC) article; a selective catalytic reduction (SCR) ar-
ticle; an NOx storage and reduction (NSR) catalytic article.

The system of claim 29, wherein the catalyzed soot filter is arranged downstream
of the DOC article and upstream or downstream of the SCR article.

A method of treating a diesel engine exhaust stream, the exhaust stream contain-
ing soot particles, said method comprising contacting the exhaust stream with the

catalyzed soot filter of any of claims 1 to 23, optionally after having directed the
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32.

34
exhaust stream through a diese! oxidation catalyst (DOC) article, said DOC ar-

ticle preferably comprising a flow through substrate or a wall-flow substrate.

The method of claim 31, further comprising directing the exhaust stream resulting
from the DOC article or from the catalyzed soot filter through a selective catalytic
reduction (SCR) article.
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