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Multi-Functional catalysts for the oxidation of NO, the oxidation of NH; and the selective catalyt-
ic reduction of NOx

The present invention relates to a catalyst for the oxidation of NO, for the oxidation of ammonia
and for the selective catalytic reduction of NOx comprising three coatings on a substrate, to a
method for the treatment of an exhaust gas using said catalyst, to an exhaust gas treatment
system comprising said catalyst and to a method for preparing a catalyst for the oxidation of
NO, for the oxidation of ammonia and for the selective catalytic reduction of NOx.

US 2016/0367973 discloses catalyst articles having a first zone containing a first SCR catalyst
and a second zone contfaining an ammonia slip catalyst and US 2016/0367974 discloses cata-
lyst articles having an ammonia slip catalyst and a second catalyst, such as a diesel oxidation
catalyst, a selective catalytic reduction/passive NOx adsorber or a three-way conversion cata-
lyst for example. However, the catalyst stated in US 2016/0367973 is not optimized in regard to
NO oxidation to increase the NO; portion of the exhaust gas entering the CSF. Furthermore,
where the SCR and the oxidation functionality are mixed, the catalyst can yield high N2O levels
via unselective DeNOx. Having a diesel oxidation catalyst, a selective catalytic reduc-
tion/passive NOx adsorber or a three-way conversion catalyst as is stated in US2016/0367974
for example would also result in high N2O selectivity due to unselective oxidation of NH3;, which
can slip from the upstream SCR.

Therefore, it was an object of the present invention to provide a catalyst for the oxidation of NO,
for the oxidation of ammonia and for the selective catalytic reduction of NOx which exhibits
great catalytic activity (NH; oxidation, NO oxidation and NOx conversion) while minimizing the
nitrous oxide (NO) formation. Surprisingly, it was found that the catalyst for the oxidation of NO,
for the oxidation of ammonia and for the selective catalytic reduction of NOx according to the
present invention permits to obtain great catalytic activity (NH; oxidation, NO oxidation and NOx
conversion) while reducing the nitrous oxide (N,O) formation.

Therefore, the present invention relates to a catalyst for the oxidation of NO, for the oxidation of

ammonia and for the selective catalytic reduction of NOx comprising

(i) a flow-through substrate comprising an inlet end, an outlet end, a substrate axial length
extending from the inlet end to the outlet end and a plurality of passages defined by inter-
nal walls of the flow-through substrate extending therethrough, wherein the interface be-
tween the passages and the internal walls is defined by the surface of the internal walls;

(iiy  a first coating comprising one or more of a vanadium oxide and a zeolitic material com-
prising one or more of copper and iron;

(i) a second coating comprising a platinum group metal component supported on a non-
zeolitic oxidic material and further comprising one or more of a vanadium oxide and a zeo-
litic material comprising one or more of copper and iron;

(iv) a third coating comprising a platinum group metal component supported on an oxidic ma-
terial;
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wherein the third coating is disposed on the surface of the internal walls over z % of the axial
length of the substrate from the outlet end to the inlet end, with z being in the range of from 20
to 80;

wherein the second coating extends over y % of the axial length of the substrate from the inlet
end to the outlet end and is disposed on the surface of the internal walls, with y being in the
range of from 20 to 80;

wherein the first coating extends over x % of the axial length of the substrate from the inlet end
to the outlet end and is disposed on the second coating and on the third coating, with x being in
the range of from 95 to 100.

It is preferred that x is in the range of from 98 to 100, more preferably in the range of from 99 to
100.

It is preferred that y is in the range of from 20 to (100 - z), more preferably y is (100 — z). There
is preferably no gap between the second coating and the third coating.

It is preferred that z is in the range of from 30 to 70, more preferably in the range of from 40 to
60, more preferably in the range of from 45 to 55. It is more preferred that y is in the range of
from 20 to (100 - z), more preferably y is (100 — z) and that z is in the range of from 30 to 70,
more preferably in the range of from 40 to 60, more preferably in the range of from 45 to 55. Itis
more preferred that y is (100-z) and that z is in the range of from 45 to 55.

It is preferred that y is in the range of from 30 to 70, more preferably in the range of from 40 to
60, more preferably in the range of from 45 to 55, and that z is in the range of from 30 to 70,
more preferably in the range of from 40 to 60, more preferably in the range of from 45 to 55. It is
preferred that there is a gap between the second coating and the third coating or alternatively it
is preferred that there is an overlap of the second coating onto the third coating.

It is preferred that the first coating comprises a zeolitic material comprising one or more of cop-
per and iron.

It is preferred that the zeolitic material comprised in the first coating has a framework type se-
lected from the group consisting of AEl, GME, CHA, MFI, BEA, FAU, MOR, a mixture of two or
more thereof and a mixed type of two or more thereof, more preferably selected from the group
consisting of AEl, GME, CHA, BEA, FAU, MOR, a mixture of two or more thereof and a mixed
type of two or more thereof, more preferably selected from the group consisting of AEIl, CHA,
BEA, a mixture of two or more thereof and a mixed type of two or more thereof. It is more pre-
ferred that the zeolitic material comprised in the first coating has a framework type CHA or AEI,
more preferably a framework type CHA.

It is preferred that from 95 to 100 weight-%, more preferably from 98 to 100 weight-%, more
preferably from 99 to 100 weight-%, of the framework structure of the zeolitic material consist to
Si, Al, O, and optionally P, wherein in the framework structure, the molar ratio of Si to Al, calcu-
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lated as molar SiO;:AlLO3, more preferably is in the range of from 2:1 to 50:1, more preferably in
the range of from 4:1 to 40:1, more preferably in the range of from 10:1 to 40:1, more preferably
in the range of from 15:1 to 40:1, more preferably in the range of from 15:1 to 25:1.

It is preferred that the zeolitic material comprised in the first coating comprises copper, wherein
the amount of copper comprised in the zeolitic material, calculated as CuQ, more preferably is
in the range of 1 to 10 weight-%, more preferably in the range of from 2 to 8 weight-%, more
preferably in the range of from 3 to 6 weight-%, more preferably in the range of from 4.5 to 6
weight-%, based on the total weight of the zeolitic material. It is more preferred that the amount
of iron, calculated as Fez0s, comprised in the zeolitic material of the first coating, is in the range
of from O to 0.01 weight-%, more preferably in the range of from 0 to 0.001 weight-%, more
preferably in the range of from 0 to 0.0001 weight-%, based on the total weight of the zeolitic
material. In other words, it is preferred that the first coating is substantially free, more preferably
free, of iron.

It is preferred that the zeolitic material comprised in the first coating comprises iron, wherein the
amount of iron comprised in the zeolitic material, calculated as Fe;O3, more preferably is in the
range of from 0.1 to 10.0 weight-%, more preferably in the range of from 1.0 to 7.0 weight-%,
more preferably in the range of from 2.5 to 5.5 weight-%, based on the total weight of the zeolit-
ic material. Itis more preferred that from 95 to 100 weight-%, more preferably from 98 to 100
weight-%, more preferably from 99 to 100 weight-%, of the framework structure of the zeolitic
material consist to 3i, Al, O, and optionally P, wherein in the framework structure, the molar ratio
of Sito Al, calculated as SiO2:AlLO3, more preferably is in the range of from 2:1 to 55:1, more
preferably in the range of from 4:1 to 50:1, more preferably in the range of from 10:1 to 45:1,
more preferably in the range of from 15: 1 to 40:1. It is conceivable that when iron is present in
the zeolitic material, the zeolitic material may have a framework type BEA or MFI.

It is preferred that the first coating comprises the zeolitic material at a loading in the range of
from 0.5 to 4 g/in®, more preferably in the range of from 0.75 to 3.5 g/in®, more preferably in the
range of from 0.8 to 3 g/in®, more preferably in the range of from 0.8 to 2.5 g/in3.

It is preferred that the zeolitic material comprised in the first coating, more preferably having a
framework type CHA, has a mean crystallite size of at least 0.5 micrometer, more preferably in
the range of from 0.5 to 1.5 micrometers, more preferably in the range of from 0.6 to 1.0 mi-
crometer, more preferably in the range of from 0.6 to 0.8 micrometer, determined via scanning
electron microscopy.

It is preferred that the first coating further comprises an oxidic binder, wherein the binder more
preferably comprises one or more of zirconia, alumina, titania, silica, and a mixed oxide com-
prising two or more of Zr, Al, Ti, and Si, more preferably comprises one or more of alumina and
zirconia, more preferably comprises zirconia.
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It is preferred that the first coating comprises the oxidic binder at an amount in the range of from
0.5 to 10 weight-%, more preferably in the range of from 2 to 8 weight-%, more preferably in the
range of from 3 to 6 weight-%, based on the total weight of the zeolitic material of the first coat-

ing.

It is preferred that the first coating comprises the oxidic binder at a loading in the range of from
0.01 to 0.2 g/in®, more preferably in the range of from 0.02 to 0.15 g/in®, more preferably in the
range of from 0.03 to 0.12 g/in3.

As to the first coating, it is preferred that it comprises a zeolitic material, more preferably a zeo-
litic material having a framework type AE!l or CHA, comprising Cu and more preferably further
comprising an oxidic binder as defined in the foregoing.

Therefore, the present invention preferably relates to a catalyst for the oxidation of NO, for the

oxidation of ammonia and for the selective catalytic reduction of NOx, comprising

(i) a flow-through substrate comprising an inlet end, an outlet end, a substrate axial length
extending from the inlet end to the outlet end and a plurality of passages defined by inter-
nal walls of the flow-through substrate extending therethrough, wherein the interface be-
tween the passages and the internal walls is defined by the surface of the internal walls;

(iiy  afirst coating comprising a zeolitic material comprising Cu, more preferably a zeolitic ma-
terial having a framework type AEl or CHA, and the first coating more preferably further
comprising an oxidic binder as defined in the foregoing;

(i) a second coating comprising a platinum group metal component supported on a non-
zeolitic oxidic material and further comprising one or more of a vanadium oxide and a zeo-
litic material comprising one or more of copper and iron;

(iv) a third coating comprising a platinum group metal component supported on an oxidic ma-
terial;

wherein the third coating is disposed on the surface of the internal walls over z % of the axial

length of the substrate from the outlet end to the inlet end, with z being in the range of from 20

to 80;

wherein the second coating extends over y % of the axial length of the substrate from the inlet

end to the outlet end and is disposed on the surface of the internal walls, with y being in the

range of from 20 to 80;

wherein the first coating extends over x % of the axial length of the substrate from the inlet end

to the outlet end and is disposed on the second coating and on the third coating, with x being in

the range of from 95 to 100.

In the context of the present invention, it is preferred that from 95 to 100 weight-%, more prefer-
ably from 98 to 100 weight-%, more preferably from 99 to 100 weight-%, of the first coating con-
sist of a zeolitic material comprising one or more of copper and iron, and preferably an oxidic
binder as defined in the foregoing.



10

15

20

25

30

35

40

WO 2020/221891 -5- PCT/EP2020/062117

As an alternative, it is preferred that the first coating comprises a vanadium oxide, wherein the
vanadium oxide more preferably is one or more of vanadium (V) oxide, a vanadium (IV) oxide
and a vanadium (lll) oxide, wherein the vanadium oxide optionally comprises one or more of
tungsten, iron and antimony. It is preferred that the vanadium oxide is supported on an oxidic
material comprising one or more of titanium, silicon and zirconium, more preferably comprising
one or more of titanium and silicon. It is more preferred that the oxidic material is one or more of
titania and silica, more preferably titania and silica, wherein more preferably from 80 to 95
weight-% of the oxidic material consist of titania.

It is preferred that the first coating comprises the vanadium oxide, calculated as V205, at a load-
ing in the range of from 1 to 6 g/in®, more preferably in the range of from 2 to 4 ¢/in®.

It is preferred that from 95 to 100 weight-%, more preferably from 98 to 100 weight-%, more
preferably from 99 to 100 weight-%, of the first coating consist of vanadium oxide supported on
the oxidic material.

In the context of the present invention, it is preferred that from 0 to 0.001 weight-%, preferably
from O to 0.0001 weight-%, more preferably from 0 to 0.00001 weight-%, of the first coating
consist of palladium, more preferably of palladium, platinum and rhodium, more preferably of
palladium, platinum, rhodium, osmium and iridium, more preferably of noble metals. In other
words, it is preferred that the first coating is substantially free, more preferably free, of palladi-
um, more preferably of palladium, platinum and rhodium, more preferably of palladium, plati-
num, rhodium, osmium and iridium, more preferably of noble metals.

As to the second coating, it is preferred that the platinum group metal component comprised in
said second coating is one or more of platinum, palladium and rhodium, more preferably one or
more of platinum and palladium. It is more preferred that the platinum group metal component
comprised in the second coating is platinum.

Itis preferred that the second coating comprises the platinum group metal component at an
amount in the range of from 0.1 to 2 weight-%, more preferably in the range of from 0.2 to 1
weight-%, more preferably in the range of from 0.3 to 0.6 weight-%, based on the weight of the
non-zeolitic oxidic material of the second coating.

It is preferred that the second coating comprises the platinum group metal component at a load-
ing, calculated as elemental platinum group metal, in the range of from 0.3 to 10 g/ft3, more
preferably in the range of from 0.5 to 5 g/ft?, more preferably in the range of from 1 to 3 g/fts.

It is preferred that the non-zeolitic oxidic material onto which the platinum group metal compo-
nent of the second coating is supported comprises, more preferably consists of, one or more of
alumina, zirconia, titania, silica, ceria, and a mixed oxide comprising two or more of Al, Zr, Ti, Si,
and Ce, more preferably one or more of alumina, zirconia, titania and silica, more preferably
one or more of titania and silica.
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It is preferred that the second coating comprises the non-zeolitic oxidic material at a loading in
the range of from 0.1 to 3 ¢g/in®, more preferably in the range of from 0.15 to 1.5 ¢/in®, more
preferably in the range of from 0.2 to 0.5 g/in®.

It is preferred that from 90 to 100 weight-%, more preferably from 95 to 100 weight-%, more
preferably from 99 to 100 weight-%, of the non-zeolitic oxidic material of the second coating
consist of titania, and optionally silica. It is more preferred that from 60 to 100 weight-%, more
preferably from 80 to 100 weight-%, more preferably from 85 to 95 weight-%, of the non-zeolitic
oxidic material of the second coating consists of titania and that from 0 to 40 weight-%, more
preferably 0 to 20 weight-%, more preferably from 5 to 15 weight-%, of the non-zeolitic oxidic
material of the second coating consist of silica.

It is preferred that the second coating comprises a zeolitic material comprising one or more of
copper and iron.

It is preferred that the zeolitic material comprised in the second coating has a framework type
selected from the group consisting of AEl, GME, CHA, MFI, BEA, FAU, MOR, a mixture of two
or more thereof and a mixed type of two or more thereof, more preferably selected from the
group consisting of AEl, GME, CHA, BEA, FAU, MOR, a mixture of two or more thereof and a
mixed type of two or more thereof, more preferably selected from the group consisting of AEI,
CHA, BEA, a mixture of two or more thereof and a mixed type of two or more thereof. It is more
preferred that the zeolitic material of the second coating has a framework type CHA or AEl,
more preferably a framework type CHA.

It is preferred that the zeolitic material of the second coating comprises copper, wherein the
amount of copper comprised in the zeolitic material, calculated as CuO, more preferably is in
the range of from 1 to 10 weight-%, more preferably in the range of from 2 to 8 weight-%, more
preferably in the range of from 3 to 6 weight-%, more preferably in the range of from 4.5 to 6
weight-%, based on the total weight of the zeolitic material.

It is more preferred that the amount of iron comprised in the zeolitic material of the second coat-
ing, calculated as FexOs, is in the range of from 0 to 0.01 weight-%, more preferably in the
range of from 0 to 0.001 weight-%, more preferably in the range of from 0 to 0.0001 weight-%,
based on the total weight of the zeolitic material. In other words, it is preferred that the second
coating is substantially free, more preferably free, of iron.

It is preferred that from 95 to 100 weight-%, more preferably from 98 to 100 weight-%, more
preferably from 99 to 100 weight-%, of the framework structure of the zeolitic material of the
second coating consist to Si, Al, O, and optionally P, wherein in the framework structure, the
molar ratioc of Si to Al, calculated as Si02:AlO3, more preferably is in the range of from 2:1 to
50:1, more preferably in the range of from 4:1 to 40:1, more preferably in the range of from 10:1
to 40:1, more preferably in the range of from 15:1 to 40:1, more preferably in the range of from
15:1 to 25:1.



10

15

20

25

30

35

40

WO 2020/221891 -7- PCT/EP2020/062117

It is preferred that the zeolitic material comprised in the second coating comprises iron, wherein
the amount of iron comprised in the zeolitic material, calculated as Fe,Qs;, more preferably is in
the range of from 0.1 to 10.0 weight-%, more preferably in the range of from 1.0 to 7.0 weight-
%, more preferably in the range of from 2.5 to 5.5 weight-%, based on the total weight of the
zeolitic material. It is more preferred that from 95 to 100 weight-%, more preferably from 98 to
100 weight-%, more preferably from 99 to 100 weight-%, of the framework structure of the zeo-
litic material consist to Si, Al, O, and optionally P, wherein in the framework structure, the molar
ratio of Si to Al, calculated as Si0O2:AlO3, more preferably is in the range of from 2:1 to 55:1,
more preferably in the range of from 4.1 to 50:1, more preferably in the range of from 10:1 to
45:1, more preferably in the range of from 15: 1 to 40:1. It is conceivable that when iron is pre-
sent in the zeolitic material, the zeolitic material may have a framework type BEA or MFI.

In the context of the present invention, it is preferred that the second coating comprises the zeo-
litic material at a loading in the range of from 0.5 to 4 g/in®, more preferably in the range of from
0.75 to 3 ¢/in®, more preferably in the range of from 0.8 to 2.5 g/in®.

It is preferred that the zeolitic material comprised in the second coating, more preferably having
a framework type CHA, has a mean crystallite size of at least 0.5 micrometer, more preferably in
the range of from 0.5 to 1.5 micrometers, more preferably in the range of from 0.6 to 1.0 mi-
crometer, more preferably in the range of from 0.6 to 0.8 micrometer determined via scanning
electron microscopy.

It is preferred that the second coating further comprises an oxidic binder. It is preferred that the
binder comprises one or more of zirconia, alumina, titania, silica, and a mixed oxide comprising
two or more of Zr, Al, Ti and Si, more preferably one or more of alumina and zirconia, more
preferably zirconia.

It is preferred that the second coating comprises the oxidic binder at an amount in the range of
from 0.5 to 10 weight-%, more preferably in the range of from 2 to 8 weight-%, more preferably
in the range of from 3 to 6 weight-%, based on the total weight of the zeolitic material of the
second coating.

It is preferred that the second coating more preferably comprises the oxidic binder at a loading
in the range of from 0.01 to 0.25 g/in®, more preferably in the range of from 0.02 to 0.1 g/in®.

As to the second coating, it is preferred that it comprises the platinum group metal component
supported on the non-zeolitic oxidic material, the zeolitic material comprising one or more of
copper and iron, and preferably an oxidic binder as defined in the foregoing.

Therefore, the present invention preferably relates to a catalyst for the oxidation of NO, for the

oxidation of ammonia and for the selective catalytic reduction of NOx, comprising

(iy a flow-through substrate comprising an inlet end, an outlet end, a substrate axial length
extending from the inlet end to the outlet end and a plurality of passages defined by inter-
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nal walls of the flow-through substrate extending therethrough, wherein the interface be-
tween the passages and the internal walls is defined by the surface of the internal walls;

(i)  a first coating comprising a zeolitic material comprising Cu, more preferably a zeolitic ma-
terial having a framework type AE! or CHA, and the first coating more preferably further
comprising an oxidic binder as defined in the foregoing;

(i) a second coating comprising a platinum group metal component supported on a non-
zeolitic oxidic material and further comprising a zeolitic material comprising one or more of
copper and iron, the second coating more preferably further comprising an oxidic binder
as defined in the foregoing;

(iv) a third coating comprising a platinum group metal component supported on an oxidic ma-
terial;

wherein the third coating is disposed on the surface of the internal walls over z % of the axial

length of the substrate from the outlet end to the inlet end, with z being in the range of from 20

to 80;

wherein the second coating extends over y % of the axial length of the substrate from the inlet

end to the outlet end and is disposed on the surface of the internal walls, with y being in the

range of from 20 to 80;

wherein the first coating extends over x % of the axial length of the substrate from the inlet end

to the outlet end and is disposed on the second coating and on the third coating, with x being in

the range of from 95 to 100.

In the context of the present invention, it is preferred that from 90 to 100 weight-%, more prefer-
ably from 95 to 100 weight-%, more preferably from 98 to 100 weight-%, of the second coating
consist of the platinum group metal component supported on the non-zeolitic oxidic material, the
zeolitic material comprising one or more of copper and iron, and more preferably an oxidic bind-
er as defined in the foregoing.

As an alternative, it is preferred that the second coating comprises a vanadium oxide, wherein
the vanadium oxide is more preferably one or more of vanadium (V) oxide, a vanadium (IV) ox-
ide and a vanadium (I} oxide, wherein the vanadium oxide optionally comprises one or more of
tungsten, iron and antimony.

It is preferred that the vanadium oxide is supported on an oxidic material comprising one or
more of titanium, silicon, tungsten, and zirconium, more preferably an oxidic material comprising
one or more of titanium and silicon, more preferably titania and silica, wherein more preferably
from 80 to 95 weight-% of the oxidic material consist of titania.

It is preferred that from 90 to 100 weight-%, more preferably from 95 to 100 weight-%, more
preferably from 98 to 100 weight-%, more preferably from 99 to 100 weight-%, of the second
coating consist of the platinum group metal component supported on the non-zeolitic oxidic ma-
terial and the vanadium oxide supported on the oxidic material.
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It is preferred that the second coating comprises the vanadium oxide, calculated as V305, at a
loading in the range of from 1 to 6 ¢g/in®, more preferably in the range of from 2 to 4 g/in®.

As to the platinum group metal component content, it is preferred that the second coating and
the third coating together have a platinum group metal component loading in the catalyst, calcu-
lated as elemental platinum group metal, in the range of from 1 to 40 g/ft®, more preferably in
the range of from 2.7 to 25 g/ft?, more preferably in the range of from 4.25 to 15 g/ft?, more pref-
erably in the range of from 5.5 to 10.5 g/fts.

It is preferred that the ratio of the loading of the platinum group metal component in the third
coating relative to the loading of the platinum group metal component in the second coating is in
the range of from 1:1 to 20:1, more preferably in the range of from 2:1 to 15:1, more preferably
in the range of from 3:1 to 12:1, more preferably in the range of from 4:1 to 10:1, more prefera-
bly in the range of from 5:1 t0 9:1.

As to the third coating, it is preferred that the platinum group metal component of the third coat-
ing is one or more of platinum, palladium and rhodium, more preferably one or more of platinum
and palladium, more preferably platinum.

It is preferred that the third coating comprises the platinum group metal component at an
amount in the range of from 0.5 to 2 weight-%, preferably from 0.6 to 1 weight-%, based on the
weight of the oxidic material of the third coating.

It is preferred that the third coating comprises the platinum group metal component, calculated
as elemental platinum group metal, at a loading in the range of from 5 to 40 g/ft®, more prefera-
bly in the range of from 8 to 25 g/ft®, more preferably in the range of from 10 to 18 g/fts.

It is preferred that the oxidic material supporting the platinum group metal component com-
prised in the third coating comprises, more preferably consists of, one or more of alumina, zir-
conia, titania, silica, ceria, and a mixed oxide comprising two or more of Al, Zr, Ti, Si and Ce,
more preferably one or more of alumina, zirconia, titania and silica, more preferably one or more
of titania and silica.

It is preferred that from 90 to 100 weight-%, more preferably from 95 to 100 weight-%, more
preferably from 99 to 100 weight-%, of the oxidic material of the third coating consist of titania,
and optionally silica.

It is preferred that from 60 to 100 weight-%, more preferably from 80 to 100 weight-%, more
preferably from 85 to 95 weight-%, of the oxidic material of the third coating consists of titania
and that from 0 to 40 weight-%, more preferably from O to 20 weight-%, more preferably from 5
to 15 weight-%, of the oxidic material of the third coating consist of silica.
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It is preferred that the third coating comprises the oxidic material supporting the platinum group
metal component at a loading in the range of from 0.25 to 3 g/in®, more preferably in the range
of from 0.5 10 2.5 ¢g/in®, more preferably in the range of from 0.75 to 2 g/in®, more preferably in
the range of from 0.8 to 1.5 g/in®.

It is preferred that the third coating comprises an oxidic binder, wherein the oxidic binder more
preferably comprises one or more of silica, zirconia, alumina, titania, and a mixed oxide com-
prising two or more of Zr, Al, Ti, and Si, more preferably comprises one or more of silica and
alumina, more preferably silica.

It is preferred that the third coating comprises the oxidic binder at an amount in the range of
from 1 to 7 weight-%, more preferably in the range of from 1.5 to 4 weight-%, based on the
weight of the oxidic material of the third coating.

As to the third coating, it is preferred that it comprises the platinum group metal component
supported on the oxidic material, wherein the platinum group metal component more preferably
is platinum, and more preferably comprises an oxidic binder as defined in the foregoing.

Therefore, the present invention preferably relates to a catalyst for the oxidation of NO, for the

oxidation of ammonia and for the selective catalytic reduction of NOx, comprising

(i) a flow-through substrate comprising an inlet end, an outlet end, a substrate axial length
extending from the inlet end to the outlet end and a plurality of passages defined by inter-
nal walls of the flow-through substrate extending therethrough, wherein the interface be-
tween the passages and the internal walls is defined by the surface of the internal walls;

(i}  a first coating comprising a zeolitic material comprising Cu, more preferably a zeolitic ma-
terial having a framework type AE!l or CHA, and the first coating more preferably further
comprising an oxidic binder as defined in the foregoing;

(i} a second coating comprising a platinum group metal component supported on a non-
zeolitic oxidic material and further comprising a zeolitic material comprising one or more of
copper and iron, the second coating more preferably further comprising an oxidic binder
as defined in the foregoing;

(iv} a third coating comprising a platinum group metal component supported on an oxidic ma-
terial, wherein the platinum group metal component is platinum, the third coating more
preferably further comprising an oxidic binder as defined in the foregoing;

wherein the third coating is disposed on the surface of the internal walls over z % of the axial

length of the substrate from the outlet end to the inlet end, with z being in the range of from 20

to 80;

wherein the second coating extends over y % of the axial length of the substrate from the inlet

end to the outlet end and is disposed on the surface of the internal walls, with y being in the

range of from 20 to 80;

wherein the first coating extends over x % of the axial length of the substrate from the inlet end

to the outlet end and is disposed on the second coating and on the third coating, with x being in

the range of from 95 to 100.
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In the context of the present invention, it is preferred that from 90 to 100 weight-%, more prefer-
ably from 95 to 100 weight-%, more preferably from 99 to 100 weight-%, of the third coating
consist of the platinum group metal component supported on the oxidic material, and more
preferably an oxidic binder as defined in the foregoing.

It is preferred that at most 0.01 weight-%, more preferably from 0O to 0.01 weight-%, more pref-
erably from 0 to 0.001 weight-%, more preferably from 0 to 0.0001 weight-%, of the third coating
consist of a zeolitic material. In other words, it is preferred that the third coating is substantially
free, more preferably free, of a zeolitic material.

It is preferred that at most 0.01 weight-%, more preferably from O to 0.01 weight-%, more pref-
erably from O to 0.0001 weight-%, more preferably from 0 to 0.00001 weight-%, of the third
coating consist of one or more vanadium oxides. In other words, it is preferred that the third
coating is substantially free, more preferably free, of one or more vanadium oxides.

It is preferred that the third coating comprises, more preferably consists of, a diesel oxidation
catalyst component.

It is preferred that the catalyst comprises the third coating at loading in the range of from 0.4 to
3.25 g/in?, more preferably in the range of from 0.55 to 2.75 ¢/in®, more preferably in the range
of from 0.8 to 2.25 ¢g/in®, more preferably in the range of from 0.85 to 1.75 g/in®.

It is preferred that the second coating comprises, more preferably consists of, one or more ni-
trogen oxide (NOx) reduction components and one or more ammonia oxidation (AMOx) compo-
nents.

It is preferred that the catalyst comprises the second coating at a loading in the range of from
0.6 t0 5.25 ¢/in®, more preferably in the range of from 0.8 to 3.25 ¢g/in®, more preferably in the
range of from 0.9 to 2.75 g/in®.

It is preferred that the first coating comprises, more preferably consists of, a nitrogen oxide
(NOx) reduction component.

It is preferred that the catalyst comprises the first coating at a loading in the range of from 0.6 to
5.25 g/in®, more preferably in the range of from 0.8 to 3.25 ¢/in®, more preferably in the range of
from 0.9 t0 2.75 g/inc.

It is preferred that the flow-through substrate of the catalyst comprises a ceramic or metallic
substance.

It is preferred that the flow-through substrate of the catalyst comprises, more preferably consists
of, a ceramic substance, wherein the ceramic substance more preferably comprises, more pref-
erably consists of, one or more of an alumina, a silica, a silicate, an aluminosilicate, more pref-
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erably a cordierite or a mullite, an aluminotitanate, a silicon carbide, a zirconia, a magnesia,
preferably a spinel, and a titania, more preferably one or more of a silicon carbide and a cordier-
ite, more preferably a cordierite. Alternatively, it is preferred that the flow-through substrate of
the catalyst comprises, more preferably consists of, a metallic substance, wherein the metallic
substance more preferably comprises, more preferably consists of, oxygen and one or more of
iron, chromium, and aluminum.

It is preferred that the catalyst of the present invention consists of the flow-through substrate,
the first coating, the second coating and the third coating.

The present invention further relates to a method for preparing a catalyst for the oxidation of
NO, for the oxidation of ammonia and for the selective catalytic reduction of NOx, preferably the
catalyst according to the present invention, comprising

(a) providing an uncoated flow-through substrate, the substrate comprising an inlet end, an
outlet end, a substrate axial length extending from the inlet end to the outlet end and a
plurality of passages defined by internal walls of the substrate extending therethrough,
wherein the interface between the passages and the intermnal walls is defined by the sur-
face of the internal walls;

(b} providing a slurry comprising a platinum group metal component, an oxidic material, and a
solvent, disposing said slurry on the surface of the internal walls of the substrate, over z %
of the substrate axial length from the outlet end to the inlet end, with z being in the range
of from 20 to 80, calcining the slurry disposed on the substrate, obtaining a third coating
disposed on the substrate;

(¢c) providing a slurry comprising a platinum group metal component, a non-zeolitic oxidic ma-
terial and one or more of a vanadium oxide and a zeolitic material comprising one or more
of copper and iron, and a solvent, disposing said slurry on the surface of the internal walls
over y % of the substrate axial length from the inlet end to the outlet end, with y being in
the range of from 20 to 80, calcining the slurry disposed on the substrate, obtaining a sec-
ond coating disposed on the substrate;

(d) providing a slurry comprising one or more of a vanadium oxide and a zeolitic material
comprising one or more of copper and iron, and a solvent, disposing said slurry over X %
of the substrate axial length on the second coating from the inlet end to the outlet end,
with x being in the range of from 95 to 100, calcining the slurry disposed on the substrate,
obtaining the catalyst for the oxidation of NO, for the oxidation of ammonia and for the se-
lective catalytic reduction of NOx.

As to (b), itis preferred that it comprises

(b.1) forming a slurry with an agueous mixture of water, an alcchol, a platinum group metal pre-
cursor, more preferably of a platinum precursor, with an oxidic material, wherein the oxidic
material more preferably is as defined in the foregoing, and more preferably adding a
source of an oxidic binder, more preferably colloidal silica; wherein optionally adjusting the
pH in the range of from 3 to 5 is performed, more preferably prior to the addition of the
binder;
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{b.2) disposing the slurry obtained in (b.1) on the surface of the internal walls of the substrate,
over z % of the substrate axial length from the outlet end to the inlet end;

(b.3) optionally, drying the slurry disposed on the substrate obtained in (b.2), obtaining a dried
slurry-treated substrate;

(b.4) calcining the slurry disposed on the substrate obtained in (b.2), or the dried slurry-treated
substrate obtained in (b.3), in a gas atmosphere, more preferably having a temperature in
the range of from 400 to 800 °C, more preferably in the range of from 450 to 700 °C,
wherein the gas atmosphere more preferably comprises, more preferably is, one or more
of air, lean air, and oxygen, more preferably air.

It is preferred that, according to (b.3), drying is performed in a gas atmosphere having a tem-
perature in the range of from 80 to 180 °C, more preferably in the range of from 110 to 130 °C,
wherein the gas atmosphere more preferably comprises, more preferably is, one or more of air,
lean air, and oxygen, more preferably air.

It is preferred that, according to (b.3), drying is performed in a gas atmosphere for a duration in
the range of from 10 minutes to 1.5 hours, more preferably in the range of from 20 minutes to
50 minutes, wherein the gas atmosphere more preferably comprises, more preferably is, one or
more of air, lean air, and oxygen, more preferably air.

It is preferred that, according to (b.4), calcining is performed in a gas atmosphere having a tem-
perature in the range of from 500 to 650 °C, wherein the gas atmosphere more preferably com-
prises, more preferably is, one or more of air, lean air, and oxygen, more preferably air.

As to (c), it is preferred that it comprises

(¢c.1) forming a slurry with an aqueous mixture of water, a platinum group metal precursor, more
preferably of a platinum precursor, and a non-zeolitic oxidic material, and a zeolitic mate-
rial, more preferably having a framework type CHA, and comprising one or more of copper
and iron, and more preferably adding a precursor of an oxidic binder, more preferably a
Zr-containing precursor, more preferably a zirconyl acetate; or
forming a slurry with a source of water, a platinum group metal precursor, more preferably
of a platinum precursor, and a non-zeolitic oxidic material, and a vanadium oxide, more
preferably vanadium oxalate, and more preferably adding an oxidic material, more prefer-
ably with a dispersant;

(c.2) disposing the slurry obtained in (c.1) on the surface of the internal walls over y % of the
substrate axial length from the inlet end to the outlet end;

(c.3) optionally, drying the slurry disposed on the substrate obtained in (¢.2), obtaining a dried
slurry-treated substrate;

(c.4) calcining the slurry disposed on the substrate obtained in (c.2), or the dried slurry-treated
substrate obtained in (¢.3), in a gas atmosphere, more preferably having a temperature in
the range of from 300 to 600 °C, more preferably in the range of from 350 to 550°C,
wherein the gas atmosphere more preferably comprises, more preferably is, one or more
of air, lean air, and oxygen, more preferably air.
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According to (c.3), it is preferred that drying is performed in a gas atmosphere having a temper-
ature in the range of from 90 to 180 °C, more preferably in the range of from 120 to 140 °C,
wherein the gas atmosphere more preferably comprises, more preferably is, one or more of air,
lean air, and oxygen, more preferably air.

According to (¢.3), it is preferred that drying is performed in a gas atmosphere for a duration in
the range of from 10 minutes to 1.5 hours, more preferably in the range of from 20 minutes to
50 minutes, wherein the gas atmosphere more preferably comprises, more preferably is, one or
more of air, lean air, and oxygen, more preferably air.

According to (c.4), it is preferred that calcining is performed in a gas atmosphere having a tem-
perature in the range of from 350 to 500 °C, wherein the gas atmosphere more preferably com-
prises, more preferably is, one or more of air, lean air, and oxygen, more preferably air.

As to (d), itis preferred that it comprises

(d.1) forming a slurry comprising water and a zeolitic material, more preferably having a frame-
work type CHA, and comprising one or more of copper and iron, and a precursor of an ox-
idic binder, more preferably a Zr-containing precursor, more preferably zirconyl acetate; or
forming a slurry with water and a source of a vanadium oxide, more preferably vanadium
oxalate, and more preferably adding an oxidic material, more preferably with a dispersant;

(d.2) disposing the obtained slurry over x % of the substrate axial length on the second coating
from the inlet end to the outlet end, with x more preferably being in the range of from 98 to
100, more preferably in the range of from 99 to 100;

(d.3) optionally drying the slurry disposed on the substrate obtained in (d.2), obtaining a dried
slurry-treated substrate;

(d.4) calcining the slurry disposed on the substrate obtained in (d.2), or the dried slurry-treated
substrate obtained in (d.3), in a gas atmosphere, more preferably having a temperature in
the range of from 300 to 600 °C, more preferably in the range of from 350 to 550°C,
wherein the gas atmosphere more preferably comprises, more preferably is, one or more
of air, lean air, and oxygen, more preferably air.

According to (d.3), it is preferred that drying is performed in a gas atmosphere having a temper-
ature in the range of from 90 to 180 °C, more preferably in the range of from 110 to 130 °C,
wherein the gas atmosphere more preferably comprises, more preferably is, one or more of air,
lean air, and oxygen, more preferably air.

According to (d.4), it is preferred that calcining is performed in a gas atmosphere having a tem-
perature in the range of from 350 to 500 °C, wherein the gas atmosphere more preferably com-
prises, more preferably is, one or more of air, lean air, and oxygen, more preferably air.

It is preferred that y is in the range of from 20 to (100 - z), more preferably yis (100 - z), and
that z is in the range of from 30 to 70, more preferably in the range of from 40 to 60, more pref-
erably in the range of from 45 to 55.
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It is preferred that disposing in one or more of (b), (¢) and (d}, more preferably disposing in (b),
(¢) and (d), is performed by spraying the slurry onto the substrate or by immersing the substrate
into the slurry, more preferably by immersing the substrate into the slurry.

In the context of the present invention, it is preferred that the method consists of (a), (b), (¢) and

(d).

The present invention further relates to a catalyst for the oxidation of NO, for the oxidation of
ammonia and for the selective catalytic reduction of NOx, preferably the catalyst for the oxida-
tion of NO, for the oxidation of ammonia and for the selective catalytic reduction of NOx accord-
ing to the present invention, obtainable or obtained by the process according to the present in-
vention.

The present invention further relates to a use of a catalyst for the oxidation of NO, for the oxida-
tion of ammonia and for the selective catalytic reduction of NOx according to the present inven-
tion for the simultaneous selective catalytic reduction of NOx, the oxidation of ammonia and the
oxidation of NO.

The present invention further relates to an exhaust gas treatment system for treating an exhaust
gas stream exiting an internal combustion engine, preferably a diesel engine, said exhaust gas
treatment system having an upstream end for infroducing said exhaust gas stream into said
exhaust gas treatment system, wherein said exhaust gas treatment system comprises the cata-
lyst according to the present invention and one or more of a selective catalytic reduction cata-
lyst, an ammonia oxidation catalyst, and a diesel particulate filter. It is conceivable that the ex-
haust gas treatment system of the present invention may comprise a diesel oxidation catalyst. It
is however believed that the presence of such a diesel oxidation catalyst would not be neces-
sary in view of the use of the catalyst according to the present invention in the exhaust gas
treatment system of the present invention.

It is preferred that the system comprises a first selective catalytic reduction catalyst comprising
a coating disposed on a substrate and the catalyst according to the present invention, wherein
the first selective catalytic reduction catalyst is located downstream of the inlet end of the ex-
haust gas treatment system, wherein the catalyst according to the present invention is located
downstream of the first selective catalytic reduction catalyst. As to the first selective catalytic
reduction catalyst, it is preferred that it comprises one or more of a vanadium oxide and a zeolit-
ic material comprising one or more of copper and iron.

It is preferred that the system further comprises a diesel particulate filter, wherein said filter is
located downstream of the catalyst according to the present invention.

It is preferred that the system further comprises a second selective catalytic reduction catalyst
and an ammonia oxidation catalyst, wherein the second selective catalytic reduction catalyst is
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located downstream of the diesel particulate filter, and wherein the ammonia oxidation catalyst
is located downstream of the second selective catalytic reduction.

It is preferred that the system further comprises a first injector for injecting a fluid into the ex-
haust gas stream exiting the engine, said injector being located upstream of the first selective
catalytic reduction catalyst, and downstream of the upstream end of the exhaust gas treatment
system, wherein the fluid more preferably is an aqueous urea solution. It is preferred that the
system further comprises a second injector for injecting a fluid into the exhaust gas stream exit-
ing the diesel particulate filter, said injector being located upstream of the second selective cata-
Iytic reduction catalyst, and downstream of the diesel particulate filter, wherein the fluid more
preferably is an aqueous urea solution.

It is more preferred that the system consists of the first selective catalytic reduction catalyst, the
catalyst according to the present invention, and preferably a diesel particulate filter as defined in
the foregoing, and more preferably a second selective catalytic reduction catalyst as defined in
the foregoing and an ammonia oxidation catalyst as defined in the foregoing, and more prefera-
bly a first and a second injector as defined in in the foregoing.

The present invention further relates to a method for the simultaneous selective catalytic reduc-
tion of NOx, the oxidation of ammonia and the oxidation of nitrogen monoxide, the method
comprising

(1) providing a gas stream comprising one or more of NOx, ammonia and nitrogen monoxide;
(2) contacting the gas stream provided in (1) with a catalyst for the oxidation of NO, for the
oxidation of ammonia and for the selective catalytic reduction of NOx according to the present
invention.

The present invention is illustrated by the following set of embodiments and combinations of
embodiments resulting from the dependencies and back-references as indicated. In particular, it
is noted that in each instance where a range of embodiments is mentioned, for example in the
context of a term such as “The catalyst of any one of embodiments 1 to 47, every embodiment in
this range is meant to be explicitly disclosed for the skilled person, i.e. the wording of this term
is to be understood by the skilled person as being synonymous to “The catalyst of any one of
embodiments 1, 2, 3 and 4”. Further, it is explicitly noted that the following set of embodiments
is not the set of claims determining the extent of protection, but represents a suitably structured
part of the description directed to general and preferred aspects of the present invention.

1. A catalyst for the oxidation of NO, for the oxidation of ammonia and for the selective cata-
Iytic reduction of NOx, comprising
(iy aflow-through substrate comprising an inlet end, an outlet end, a substrate axial
length extending from the inlet end to the outlet end and a plurality of passages de-
fined by internal walls of the flow-through substrate extending therethrough, wherein
the interface between the passages and the internal walls is defined by the surface
of the internal walls;
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(i)  afirst coating comprising one or more of a vanadium oxide and a zeolitic material
comprising one or more of copper and iron;

(i) a second coating comprising a platinum group metal component supported on a
non-zeolitic oxidic material and further comprising one or more of a vanadium oxide
and a zeolitic material comprising one or more of copper and iron;

(iv) a third coating comprising a platinum group metal component supported on an oxi-
dic material;

wherein the third coating is disposed on the surface of the internal walls over z % of the

axial length of the substrate from the outlet end to the inlet end, with z being in the range

of from 20 to 80;

wherein the second coating extends over y % of the axial length of the substrate from the

inlet end to the outlet end and is disposed on the surface of the internal walls, with y being

in the range of from 20 to 80;

wherein the first coating extends over x % of the axial length of the substrate from the inlet

end to the outlet end and is disposed on the second coating and on the third coating, with

x being in the range of from 95 to 100.

The catalyst of embodiment 1, wherein x is in the range of from 98 to 100, preferably in
the range of from 99 to 100.

The catalyst of embodiment 1 or 2, wherein y is in the range of from 20 to (100 - z), pref-
erably y is (100 — z), wherein z preferably is in the range of from 30 to 70, more preferably
in the range of from 40 to 60, more preferably in the range of from 45 1o 55.

The catalyst of embodiment 1 or 2, wherein y is in the range of from 30 to 70, preferably in
the range of from 40 to 60, more preferably in the range of from 45 to 55, and wherein z is
in the range of from 30 to 70, preferably in the range of from 40 to 60, more preferably in
the range of from 45 to 55.

The catalyst of any one of embodiments 1 to 4, wherein the first coating comprises a zeo-
litic material comprising one or more of copper and iron.

The catalyst of any one of embodiments 1 to 5, wherein the zeolitic material comprised in
the first coating has a framework type selected from the group consisting of AEl, GME,
CHA, MFI, BEA, FAU, MOR, a mixture of two or more thereof and a mixed type of two or
more thereof, preferably selected from the group consisting of AEl, GME, CHA, BEA,
FAU, MOR, a mixture of two or more thereof and a mixed type of two or more thereof,
more preferably selected from the group consisting of AEl, CHA, BEA, a mixture of two or
more thereof and a mixed type of two or more thereof, wherein the zeolitic material com-
prised in the first coating more preferably has a framework type CHA or AEl, more prefer-
ably CHA.
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The catalyst of any one of embodiments 1 to 6, wherein from 95 to 100 weight-%, prefer-
ably from 98 to 100 weight-%, more preferably from 99 to 100 weight-%, of the framework
structure of the zeolitic material consist to Si, Al, O, and optionally P, wherein in the
framework structure, the molar ratio of Si to Al, calculated as molar SiO2:AlLOs, preferably
is in the range of from 2:1 to 50:1, more preferably in the range of from 4:1 to 40:1, more
preferably in the range of from 10:1 to 40:1, more preferably in the range of from 15:1 to
40:1, more preferably in the range of from 15:1 to 25:1.

The catalyst of any one of embodiments 1 to 7, wherein the zeolitic material comprised in
the first coating comprises copper, wherein the amount of copper comprised in the zeolitic
material, calculated as CuQ, preferably is in the range of 1 to 10 weight-%, more prefera-
bly in the range of from 2 to 8 weight-%, more preferably in the range of from 3 to 6
weight-%, more preferably in the range of from 4.5 to 6 weight-%, based on the total
weight of the zeolitic material, and wherein the amount of iron, calculated as Fe,0s;, com-
prised in the zeolitic material of the first coating, preferably is in the range of from 0 to 0.01
weight-%, more preferably in the range of from 0 to 0.001 weight-%, more preferably in
the range of from O to 0.0001 weight-%, based on the total weight of the zeolitic material.

The catalyst of any one of embodiments 1 to 7, wherein the zeolitic material comprised in
the first coating comprises iron, wherein the amount of iron comprised in the zeolitic mate-
rial, calculated as FeOs, preferably is in the range of from 0.1 to 10.0 weight-%, more
preferably in the range of from 1.0 to 7.0 weight-%, more preferably in the range of from
2.5 10 5.5 weight-%, based on the total weight of the zeolitic material, and wherein prefer-
ably from 95 to 100 weight-%, more preferably from 98 to 100 weight-%, more preferably
from 99 to 100 weight-%, of the framework structure of the zeolitic material consist to Si,
Al, O, and optionally P, wherein in the framework structure, the molar ratio of Si to Al, cal-
culated as SiO2:AlO;, preferably is in the range of from 2:1 to 55:1, more preferably in the
range of from 4:1 to 50:1, more preferably in the range of from 10:1 to 45:1, more prefera-
bly in the range of from 15: 1 to 40:1.

The catalyst of any one of embodiments 1 to 9, wherein the first coating comprises the
zeolitic material at a loading in the range of from 0.5 t0 4 ¢/in?, preferably in the range of
from 0.75 to 3.5 ¢/in®, more preferably in the range of from 0.8 to 3 ¢/in®, more preferably
in the range of from 0.8 to 2.5 g/ind.

The catalyst of any one of embodiments 1 to 10, wherein the zeolitic material comprised in
the first coating, preferably having a framework type CHA, has a mean crystallite size of at
least 0.5 micrometer, preferably in the range of from 0.5 to 1.5 micrometers, more prefer-
ably in the range of from 0.6 to 1.0 micrometer, more preferably in the range of from 0.6 to
0.8 micrometer determined via scanning electron microscopy.

The catalyst of any one of embodiments 1 to 11, wherein the first coating further compris-
es an oxidic binder, wherein the binder preferably comprises one or more of zirconia, alu-
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mina, titania, silica, and a mixed oxide comprising two or more of Zr, Al, Ti, and Si, more
preferably comprises one or more of alumina and zirconia, more preferably comprises zir-
conia;

wherein the first coating more preferably comprises the oxidic binder at an amount in the
range of from 0.5 to 10 weight-%, preferably in the range of from 2 to 8 weight-%, more
preferably in the range of from 3 to 6 weight-%, based on the total weight of the zeolitic
material of the first coating;

wherein the first coating more preferably comprises the oxidic binder at a loading in the
range of from 0.01 to 0.2 ¢g/in®, more preferably in the range of from 0.02 to 0.15 g/in®,
more preferably in the range of from 0.03 to 0.12 g/in®.

The catalyst of any one of embodiments 1 to 12, wherein from 95 to 100 weight-%, pref-
erably from 98 to 100 weight-%, more preferably from 99 to 100 weight-%, of the first
coating consist of a zeolitic material comprising one or more of copper and iron, and pref-
erably an oxidic binder as defined in embodiment 12.

The catalyst of any one of embodiments 1 to 12, wherein the first coating comprises a
vanadium oxide, wherein the vanadium oxide preferably is one or more of vanadium (V)
oxide, a vanadium (IV) oxide and a vanadium (lll) oxide, wherein the vanadium oxide op-
tionally comprises one or more of tungsten, iron and antimony.

The catalyst of embodiment 14, wherein the vanadium oxide is supported on an oxidic
material comprising one or more of titanium, silicon and zirconium, preferably comprising
one or more of titanium and silicon, wherein the oxidic material more preferably is one or
more of titania and silica, more preferably titania and silica, wherein preferably from 80 to
95 weight-% of the oxidic material consist of titania.

The catalyst of embodiment 14 or 15, wherein the first coating comprises the vanadium
oxide, calculated as V205, at a loading in the range of from 1 to 6 ¢g/in®, preferably in the
range of from 2 to 4 g/ins.

The catalyst of embodiment 15 or 16, wherein from 95 to 100 weight-%, preferably from
98 to 100 weight-%, more preferably from 99 to 100 weight-%, of the first coating consist
of vanadium oxide supported on the oxidic material.

The catalyst of any one of embodiments 1 to 17, wherein from 0 to 0.001 weight-%, pref-
erably from 0 to 0.0001 weight-%, preferably from O to 0.00001 weight-%, of the first coat-
ing consist of palladium, preferably of palladium, platinum and rhodium, more preferably of
palladium, platinum, rhodium, osmium and iridium, more preferably of noble metals.

The catalyst of any one of embodiments 1 to 18, wherein the platinum group metal com-
ponent comprised in the second coating is one or more of platinum, palladium and rhodi-
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um, preferably one or more of platinum and palladium, wherein the platinum group metal
component more preferably is platinum.

The catalyst of any one of embodiments 1 to 19, wherein the second coating comprises
the platinum group metal component at a loading, calculated as elemental platinum group
metal, in the range of from 0.3 to 10 g/ft?, preferably in the range of from 0.5 to 5 g/t®,
more preferably in the range of from 1 to 3 g/ft;

wherein the second coating preferably comprises the platinum group metal component at
an amount in the range of from 0.1 to 2 weight-%, more preferably in the range of from 0.2
to 1 weight-%, more preferably in the range of from 0.3 to 0.6 weight-%, based on the
weight of the non-zeolitic oxidic material of the second coating.

The catalyst of any one of embodiments 1 to 20, wherein the non-zeolitic oxidic material
onto which the platinum group metal component of the second coating is supported com-
prises, preferably consists of, one or more of alumina, zirconia, titania, silica, ceria, and a
mixed oxide comprising two or more of Al, Zr, Ti, 8i, and Ce, preferably one or more of
alumina, zirconia, titania and silica, more preferably one or more of titania and silica;
wherein the second coating preferably comprises the non-zeolitic oxidic material at a load-
ing in the range of from 0.1 to 3 g/in®, more preferably in the range of from 0.1510 1.5
g/in®, more preferably in the range of from 0.2 to 0.5 g/in®.

The catalyst of embodiment 21, wherein from 90 to 100 weight-%, preferably from 95 to
100 weight-%, more preferably from 99 to 100 weight-%, of the non-zeolitic oxidic material
of the second coating consist of titania, and optionally silica;

wherein preferably from 60 to 100 weight-%, more preferably from 80 to 100 weight-%,
more preferably from 85 to 95 weight-%, of the non-zeolitic oxidic material of the second
coating consists of titania and wherein preferably from 0 to 40 weight-%, more preferably
0 to 20 weight-%, more preferably from 5 to 15 weight-%, of the non-zeolitic oxidic materi-
al of the second coating consist of silica.

The catalyst of any one of embodiments 1 to 22, wherein the second coating comprises a
zeolitic material comprising one or more of copper and iron.

The catalyst of any one of embodiments 1 to 23, wherein the zeolitic material comprised in
the second coating has a framework type selected from the group consisting of AEl, GME,
CHA, MFI, BEA, FAU, MOR, a mixture of two or more thereof and a mixed type of two or
more thereof, preferably selected from the group consisting of AEl, GME, CHA, BEA,
FAU, MOR, a mixture of two or more thereof and a mixed type of two or more thereof,
more preferably selected from the group consisting of AEl, CHA, BEA, a mixture of two or
more thereof and a mixed type of two or more thereof, wherein the zeolitic material of the
second coating more preferably has a framework type CHA or AEl, more preferably CHA.
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The catalyst of any one of embodiments 1 to 24, wherein the zeolitic material of the sec-
ond coating comprises copper, wherein the amount of copper comprised in the zeolitic
material, calculated as CuQ, preferably is in the range of from 1 to 10 weight-%, more
preferably in the range of from 2 to 8 weight-%, more preferably in the range of from 3 to 6
weight-%, more preferably in the range of from 4.5 to 6 weight-%, based on the total
weight of the zeolitic material.

The catalyst of any one of embodiments 1 to 25, wherein from 95 to 100 weight-%, pref-
erably from 98 to 100 weight-%, more preferably from 99 to 100 weight-%, of the frame-
work structure of the zeolitic material of the second coating consist to Si, Al, O, and op-
tionally P, wherein in the framework structure, the molar ratio of Si to Al, calculated as
Si02:AlLOs, preferably is in the range of from 2:1 to 50:1, more preferably in the range of
from 4:1 to 40:1, more preferably in the range of from 10:1 to 40:1, more preferably in the
range of from 15:1 1o 40:1, more preferably in the range of from 15:1 to 25:1.

The catalyst of embodiment 25 or 26, wherein the amount of iron comprised in the zeolitic
material of the second coating, calculated as Fe;0;, is in the range of from 0 to 0.01
weight-%, preferably in the range of from 0 to 0.001 weight-%, more preferably in the
range of from 0 to 0.0001 weight-%, based on the total weight of the zeolitic material.

The catalyst of any one of embodiments 1 to 26, wherein the zeolitic material comprised in
the second coating comprises iron, wherein the amount of iron comprised in the zedlitic
material, calculated as Fe,Os, preferably is in the range of from 0.1 to 10.0 weight-%,
more preferably in the range of from 1.0 to 7.0 weight-%, more preferably in the range of
from 2.5 to 5.5 weight-%, based on the total weight of the zeolitic material, and wherein
preferably from 95 to 100 weight-%, more preferably from 98 to 100 weight-%, more pref-
erably from 99 to 100 weight-%, of the framework structure of the zeolitic material consist
to Si, Al, O, and optionally P, wherein in the framework structure, the molar ratio of Si to
Al, calculated as Si0O2:AlLO3, preferably is in the range of from 2:1 to 55:1, more preferably
in the range of from 4:1 to 50:1, more preferably in the range of from 10:1 to 45:1, more
preferably in the range of from 15: 1 to 40:1.

The catalyst of any one of embodiments 1 to 28, wherein the second coating comprises
the zeolitic material at a loading in the range of from 0.5 to 4 g/in3, preferably in the range
of from 0.75 to 3 ¢/in®, more preferably in the range of from 0.8 to 2.5 ¢g/in®.

The catalyst of any one of embodiments 1 to 29, wherein the zeolitic material comprised in
the second coating, preferably having a framework type CHA, has a mean crystallite size
of at least 0.5 micrometer, preferably in the range of from 0.5 to 1.5 micrometers, more
preferably in the range of from 0.6 to 1.0 micrometer, more preferably in the range of from
0.6 to 0.8 micrometer determined via scanning electron microscopy.
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The catalyst of any one of embodiments 1 to 30, wherein the second coating further com-
prises an oxidic binder, wherein the binder preferably comprises one or more of zirconia,
alumina, titania, silica, and a mixed oxide comprising two or more of Zr, Al, Ti and Si,
more preferably one or more of alumina and zirconia, more preferably zirconia;

wherein the second coating more preferably comprises the oxidic binder at an amount in
the range of from 0.5 to 10 weight-%, more preferably in the range of from 2 to 8 weight-
%, more preferably in the range of from 3 to 6 weight-%, based on the total weight of the
zeolitic material of the second coating;

wherein the second coating more preferably comprises the oxidic binder at a loading in
the range of from 0.01 to 0.25 g/in®, more preferably in the range of from 0.02 to 0.1 g/in®.

The catalyst of any one of embodiments 1 to 31, wherein from 90 to 100 weight-%, pref-

erably from 95 to 100 weight-%, more preferably from 98 to 100 weight-%, of the second

coating consist of the platinum group metal component supported on the non-zeolitic oxi-
dic material, the zeolitic material comprising one or more of copper and iron, and prefera-
bly an oxidic binder as defined in embodiment 31.

The catalyst of any one of embodiments 1 to 31, wherein the second coating comprises a
vanadium oxide, wherein the vanadium oxide is preferably one or more of vanadium (V)
oxide, a vanadium (V) oxide and a vanadium (lll) oxide, wherein the vanadium oxide op-
tionally comprises one or more of tungsten, iron and antimony.

The catalyst of embodiment 33, wherein the vanadium oxide is supported on an oxidic
material comprising one or more of titanium, silicon, tungsten, and zirconium, preferably
an oxidic material comprising one or more of titanium and silicon, more preferably titania
and silica, wherein preferably from 80 to 95 weight-% of the oxidic material consist of tita-
nia.

The catalyst of embodiment 34, wherein from 90 to 100 weight-%, preferably from 95 to
100 weight-%, more preferably from 98 to 100 weight-%, more preferably from 99 to 100
weight-%, of the second coating consist of the platinum group metal component supported
on the non-zeolitic oxidic material and vanadium oxide supported on the oxidic material.

The catalyst of any one of embodiments 33 to 35, wherein the second coating comprises
the vanadium oxide, calculated as V20s, at a loading in the range of from 1 to 6 g/in?,
preferably in the range of from 2 to 4 g/in®.

The catalyst of any one of embodiments 1 to 36, wherein the second coating and the third
coating together have a platinum group metal component loading in the catalyst, calculat-
ed as elemental platinum group metal, in the range of from 1 to 40 g/ft®, preferably in the
range of from 2.7 to 25 g/ft®, more preferably in the range of from 4.25 to 15 g/ft®, more
preferably in the range of from 5.5 to 10.5 g/fts.
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The catalyst of any one of embodiments 1 to 37, wherein the platinum group metal com-
ponent of the third coating is one or more of platinum, palladium and rhodium, preferably
one or more of platinum and palladium, more preferably platinum.

The catalyst of any one of embodiments 1 to 38, wherein the third coating comprises the
platinum group metal component, calculated as elemental platinum group metal, at a load-
ing in the range of from 5 to 40 g/ft®, preferably in the range of from 8 to 25 g/fts, more
preferably in the range of from 10 to 18 g/ft3;

wherein the third coating comprises the platinum group metal at an amount in the range of
from 0.5 to 2 weight-%, preferably from 0.6 to 1 weight-%, based on the weight of the oxi-
dic material of the third coating.

The catalyst of any one of embodiments 1 to 39, wherein the oxidic material supporting
the platinum group metal component comprised in the third coating comprises, preferably
consists of, one or more of alumina, zirconia, titania, silica, ceria, and a mixed oxide com-
prising two or more of Al, Zr, Ti, Si and Ce, preferably one or more of alumina, zirconia, ti-
tania and silica, more preferably one or more of titania and silica.

The catalyst of embodiment 40, wherein from 90 to 100 weight-%, preferably from 95 to
100 weight-%, more preferably from 99 to 100 weight-%, of the oxidic material of the third
coating consist of titania, and optionally silica;

wherein preferably from 60 to 100 weight-%, more preferably from 80 to 100 weight-%,
more preferably from 85 to 95 weight-%, of the oxidic material of the third coating consists
of titania and wherein preferably from O to 40 weight-%, more preferably from 0 to 20
weight-%, more preferably from 5 to 15 weight-%, of the oxidic material of the third coating
consist of silica.

The catalyst of any one of embodiments 1 to 41, wherein the third coating comprises the
oxidic material supporting the platinum group metal component at a loading in the range
of from 0.25 to 3 ¢g/in?, preferably in the range of from 0.5 to 2.5 ¢/in®, more preferably in
the range of from 0.75 to 2 g/in®, more preferably in the range of from 0.8 to 1.5 g/in®.

The catalyst of any one of embodiments 1 to 42, wherein the third coating comprises an
oxidic binder, wherein the oxidic binder preferably comprises one or more of silica, zirco-
nia, alumina, titania, and a mixed oxide comprising two or more of Zr, Al, Ti, and Si, more
preferably comprises one or more of silica and alumina, more preferably silica;

wherein the third coating preferably comprises the oxidic binder at an amount in the range
of from 1 to 7 weight-%, more preferably in the range of from 1.5 to 4 weight-%, based on
the weight of the oxidic material of the third coating.

The catalyst of any one of embodiments 1 to 43, wherein from 90 to 100 weight-%, pref-
erably from 95 to 100 weight-%, more preferably from 99 to 100 weight-%, of the third
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coating consist of the platinum group metal component supported on the oxidic material,
and preferably an oxidic binder as defined in embodiment 43.

The catalyst of any one of embodiments 1 to 44, wherein at most 0.01 weight-%, prefera-
bly from O to 0.01 weight-%, more preferably from 0 to 0.001 weight-%, more preferably
from 0 to 0.0001 weight-%, of the third coating consist of a zeolitic material, wherein the
third coating more preferably is free of a zeolitic material.

The catalyst of any one of embodiments 1 to 45, wherein at most 0.01 weight-%, prefera-
bly from 0 to 0.01 weight-%, more preferably from 0 to 0.0001 weight-%, more preferably
from 0 to 0.00001 weight-%, of the third coating consist of one or more vanadium oxides,
wherein the third coating more preferably is free of vanadium oxides.

The catalyst of any one of embodiments 1 to 46, wherein the third coating comprises,
preferably consists of, a diesel oxidation catalyst component.

The catalyst of any one of embodiments 1 to 47, wherein the catalyst comprises the third
coating at loading in the range of from 0.4 to 3.25 g/in®, preferably in the range of from
0.55 to 2.75 g/in®, more preferably in the range of from 0.8 to 2.25 g/in®, more preferably in
the range of from 0.85 to 1.75 ¢g/in®.

The catalyst of any one of embodiments 1 to 48, wherein the second coating comprises,
preferably consists of, one or more nitrogen oxide (NOXx) reduction components and one
or more ammonia oxidation (AMOx) components.

The catalyst of any one of embodiments 1 to 49, wherein the catalyst comprises the sec-
ond coating at a loading in the range of from 0.6 to 5.25 ¢/in®, preferably in the range of
from 0.8 to 3.25 g/in®, more preferably in the range of from 0.9 o 2.75 g/in®.

The catalyst of any one of embodiments 1 to 50, wherein the first coating comprises, pref-
erably consists of, a nitrogen oxide (NOx) reduction component.

The catalyst of any one of embodiments 1 to 50, wherein the catalyst comprises the first
coating at a loading in the range of from 0.6 t0 5.25 ¢/in®, preferably in the range of from
0.8 to 3.25 g/in®, more preferably in the range of from 0.9 to 2.75 g/in®.

The catalyst of any one of embodiments 1 to 52, wherein the flow-through substrate of the
catalyst comprises a ceramic or metallic substance.

The catalyst of any one of embodiments 1 to 53, wherein the flow-through substrate of the
catalyst comprises, preferably consists of, a ceramic substance, wherein the ceramic sub-
stance preferably comprises, more preferably consists of, one or more of an alumina, a

silica, a silicate, an aluminosilicate, preferably a cordierite or a mullite, an aluminotitanate,
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a silicon carbide, a zirconia, a magnesia, preferably a spinel, and a titania, more prefera-
bly one or more of a silicon carbide and a cordierite, more preferably a cordierite.

The catalyst of any one of embodiments 1 to 53, wherein the flow-through substrate of the
catalyst comprises, preferably consists of, a metallic substance, wherein the metallic sub-
stance preferably comprises, more preferably consists of, oxygen and one or more of iron,
chromium, and aluminum.

The catalyst of any one of embodiments 1 to 55, consisting of the flow-through substrate,
the first coating, the second coating and the third coating.

A method for preparing a catalyst for the oxidation of NO, for the oxidation of ammonia
and for the selective catalytic reduction of NOXx, preferably the catalyst according to any
one of embodiments 1 to 56, comprising

(a) providing an uncoated flow-through substrate, the substrate comprising an inlet end,
an outlet end, a substrate axial length extending from the inlet end to the outlet end
and a plurality of passages defined by internal walls of the substrate extending
therethrough, wherein the interface between the passages and the internal walls is
defined by the surface of the internal walls;

(b) providing a slurry comprising a platinum group metal component, an oxidic material,
and a solvent, disposing said slurry on the surface of the internal walls of the sub-
strate, over z % of the substrate axial length from the outlet end to the inlet end, with
z being in the range of from 20 to 80, calcining the slurry disposed on the substrate,
obtaining a third coating disposed on the substrate;

(¢) providing a slurry comprising a platinum group metal component, a non-zeolitic oxi-
dic material and one or more of a vanadium oxide and a zeolitic material comprising
one or more of copper and iron, and a solvent, disposing said slurry on the surface
of the internal walls over y % of the substrate axial length from the inlet end to the
outlet end, with y being in the range of from 20 to 80, calcining the slurry disposed
on the substrate, obtaining a second coating disposed on the substrate;

(dy providing a slurry comprising one or more of a vanadium oxide and a zeolitic materi-
al comprising one or more of copper and iron, and a solvent, disposing said slurry
over X % of the substrate axial length on the second coating from the inlet end to the
outlet end, with x being in the range of from 95 to 100, calcining the slurry disposed
on the substrate, obtaining the catalyst for the oxidation of NO, for the oxidation of
ammonia and for the selective catalytic reduction of NOx.

The method of embodiment 57, wherein (b) comprises

(b.1) forming a slurry with an agueous mixture of water, an alcohol, a platinum group
metal precursor, preferably of a platinum precursor, with an oxidic material, wherein
the oxidic material preferably is as defined in embodiment 40 or 41, and preferably
adding a source of an oxidic binder, more preferably colloidal silica; wherein option-
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ally adjusting the pH in the range of from 3 to 5 is performed, preferably prior to the
addition of the binder;

(b.2) disposing the slurry obtained in (b.1) on the surface of the internal walls of the sub-
strate, over z % of the substrate axial length from the outlet end to the inlet end;

(b.3) optionally, drying the slurry disposed on the substrate obtained in (b.2), obtaining a
dried slurry-treated substrate;

(b.4) calcining the slurry disposed on the substrate obtained in (b.2), or the dried slurry-
treated substrate obtained in (b.3), in a gas atmosphere, preferably having a tem-
perature in the range of from 400 to 800 °C, more preferably in the range of from
450 to 700 °C, wherein the gas atmosphere preferably comprises, more preferably
is, one or more of air, lean air, and oxygen, more preferably air.

The method of embodiment 58, wherein, according to (b.3), drying is performed in a gas
atmosphere having a temperature in the range of from 90 to 180 °C, preferably in the
range of from 110 to 130 °C, wherein the gas atmosphere preferably comprises, more
preferably is, one or more of air, lean air, and oxygen, more preferably air.

The method of embodiment 58 or 59, wherein according to (b.3), drying is performed in a
gas atmosphere for a duration in the range of from 10 minutes to 1.5 hours, preferably in
the range of from 20 minutes to 50 minutes, wherein the gas atmosphere preferably com-
prises, more preferably is, one or more of air, lean air, and oxygen, more preferably air.

The method of any one of embodiments 58 to 60, wherein, according to (b.4), calcining is
performed in a gas atmosphere having a temperature in the range of from 500 to 650 °C,
wherein the gas atmosphere preferably comprises, more preferably is, one or more of air,
lean air, and oxygen, more preferably air.

The method of any one of embodiments 57 to 61, wherein (c) comprises

(c.1) forming a slurry with an aqueous mixture of water, a platinum group metal precursor,
preferably of a platinum precursor, and a non-zeolitic oxidic material, and a zeolitic
material, preferably having a framework type CHA, and comprising one or more of
copper and iron, and preferably adding a precursor of an oxidic binder, more prefer-
ably a Zr-containing precursor, more preferably a zirconyl acetate; or
forming a slurry with a source of water, a platinum group metal precursor, preferably
of a platinum precursor, and a non-zeolitic oxidic material, and a vanadium oxide,
preferably vanadium oxalate, and preferably adding an oxidic material, more prefer-
ably with a dispersant;

(c.2) disposing the slurry obtained in (c.1) on the surface of the internal walls over y % of
the substrate axial length from the inlet end to the outlet end;

(c.3) optionally, drying the slurry disposed on the substrate obtained in (¢.2), obtaining a
dried slurry-treated substrate;

(c.4) calcining the slurry disposed on the substrate obtained in (¢.2), or the dried slurry-
treated substrate obtained in (¢.3), in a gas atmosphere, preferably having a tem-
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perature in the range of from 300 to 600 °C, more preferably in the range of from
350 to 550°C, wherein the gas atmosphere preferably comprises, more preferably
is, one or more of air, lean air, and oxygen, more preferably air.

The method of embodiment 62, wherein according to (¢.3) drying is performed in a gas
atmosphere having a temperature in the range of from 90 to 180 °C, preferably in the
range of from 120 to 140 °C, wherein the gas atmosphere preferably comprises, more
preferably is, one or more of air, lean air, and oxygen, more preferably air.

The method of embodiment 62 or 63, wherein, according to (¢.3), drying is performed in a
gas atmosphere for a duration in the range of from 10 minutes to 1.5 hours, preferably in
the range of from 20 minutes to 50 minutes, wherein the gas atmosphere preferably com-
prises, more preferably is, one or more of air, lean air, and oxygen, more preferably air.

The method of any one of embodiments 62 to 64, wherein, according to (c.4), calcining is
performed in a gas atmosphere having a temperature in the range of from 350 to 500 °C,
wherein the gas atmosphere preferably comprises, more preferably is, one or more of air,
lean air, and oxygen, more preferably air.

The method of any one of embodiments 57 to 65, wherein (d) comprises

(d.1) forming a slurry comprising water and a zeolitic material, preferably having a frame-
work type CHA, and comprising one or more of copper and iron, and a precursor of
an oxidic binder, preferably a Zr-containing precursor, more preferably zirconyl ace-
tate; or
forming a slurry with water and a source of a vanadium oxide, preferably vanadium
oxalate, and preferably adding an oxidic material, more preferably with a dispersant;

(d.2) disposing the obtained slurry over x % of the substrate axial length on the second
coating from the inlet end to the outlet end, with x preferably being in the range of
from 98 to 100, more preferably in the range of from 99 to 100;

(d.3) optionally drying the slurry disposed on the substrate obtained in (d.2), obtaining a
dried slurry-treated substrate;

(d.4) calcining the slurry disposed on the substrate obtained in (d.2), or the dried slurry-
treated substrate obtained in (d.3), in a gas atmosphere, preferably having a tem-
perature in the range of from 300 to 600 °C, more preferably in the range of from
350 to 550°C, wherein the gas atmosphere preferably comprises, more preferably
is, one or more of air, lean air, and oxygen, more preferably air.

The method of embodiment 66, wherein according to (d.3), drying is performed in a gas
atmosphere having a temperature in the range of from 90 to 180 °C, preferably in the
range of from 110 to 130 °C, wherein the gas atmosphere preferably comprises, more
preferably is, one or more of air, lean air, and oxygen, more preferably air.
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The method of embodiment 66 or 67, wherein according to (d.4), calcining is performed in
a gas atmosphere having a temperature in the range of from 350 to 500 °C, wherein the
gas atmosphere preferably comprises, more preferably is, one or more of air, lean air, and
oxygen, more preferably air.

The method of any one of embodiments 57 to 68, wherein y is in the range of from 20 to
(100 - z), preferably y is (100 - z), wherein z preferably is in the range of from 30 to 70,
more preferably in the range of from 40 to 60, more preferably in the range of from 45 to
55.

The method of any one of embodiments 57 to 69, wherein disposing in one or more of (b),
(¢) and (d), preferably disposing in (b), (¢) and (d), is performed by spraying the slurry on-
to the substrate or by immersing the substrate into the slurry, preferably by immersing the
substrate into the slurry.

The method of any one of embodiments 57 to 70, consisting of (a), (b), (¢) and (d).

A catalyst for the oxidation of NO, for the oxidation of ammonia and for the selective cata-
Iytic reduction of NOx, preferably the catalyst for the oxidation of NO, for the oxidation of
ammonia and for the selective catalytic reduction of NOx according to any one of embod-
iments 1 to 56, obtainable or obtained by the process according to any one of embodi-
ments 57 to 71.

Use of a catalyst for the oxidation of NO, for the oxidation of ammonia and for the selec-
tive catalytic reduction of NOx according to any one of embodiments 1 to 56 and 72 for
the simultaneous selective catalytic reduction of NOx, the oxidation of ammonia and the
oxidation of NO.

An exhaust gas treatment system for treating an exhaust gas stream exiting an internal
combustion engine, preferably a diesel engine, said exhaust gas treatment system having
an upstream end for introducing said exhaust gas stream into said exhaust gas treatment
system, wherein said exhaust gas treatment system comprises the catalyst according to
any one of embodiments 1 to 56 and 72 and one or more of a selective catalytic reduction
catalyst, an ammonia oxidation catalyst, and a diesel particulate filter.

The exhaust gas treatment system of embodiment 74, comprising a first selective catalytic
reduction catalyst comprising a coating disposed on a substrate and the catalyst accord-
ing to any one of embodiments 1 to 56 and 72,

wherein the first selective catalytic reduction catalyst is located downstream of the up-
stream end of the exhaust gas treatment system, wherein the catalyst according to any
one of embodiments 1 to 56 and 72 is located downstream of the first selective catalytic
reduction catalyst.
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The exhaust gas treatment system of embodiment 74 or 75, wherein the first selective
catalytic reduction catalyst comprises one or more of a vanadium oxide and a zeolitic ma-
terial comprising one or more of copper and iron.

The exhaust gas treatment system of embodiment 75 or 76, further comprising a diesel
particulate filter, wherein said filter is located downstream of the catalyst according to any
one of embodiments 1 to 56 and 72.

The exhaust gas treatment system of embodiment 77, further comprising a second selec-
tive catalytic reduction catalyst and an ammonia oxidation catalyst, wherein the second
selective catalytic reduction catalyst is located downstream of the diesel particulate filter,
and wherein the ammonia oxidation catalyst is located downstream of the second selec-
tive catalytic reduction.

The exhaust gas treatment system of any one of embodiments 74 to 78, further compris-
ing a first injector for injecting a fluid into the exhaust gas stream exiting the engine, said
injector being located upstream of the first selective catalytic reduction catalyst, and
downstream of the inlet end of the exhaust gas treatment system, wherein the fluid pref-
erably is an aqueous urea solution.

The exhaust gas treatment system of embodiment 79, further comprising a second injec-
tor for injecting a fluid into the exhaust gas stream exiting the diesel particulate filter, said
injector being located upstream of the second selective catalytic reduction catalyst, and
downstream of the diesel particulate filter, wherein the fluid preferably is an aqueous urea
solution.

The exhaust gas treatment system of any one of embodiments 75 to 80 consisting of the
first selective catalytic reduction catalyst, the catalyst according to any one of embodi-
ments 1 to 56 and 72, and preferably a diesel particulate filter as defined in embodiment
77, and more preferably a second selective catalytic reduction catalyst and an ammonia
oxidation catalyst as defined in embodiment 78, and more preferably a first and a second
injector as defined in embodiments 79 and 80.

A method for the simultaneous selective catalytic reduction of NOx, the oxidation of am-

monia and the oxidation of nitrogen monoxide, the method comprising

(1) providing a gas stream comprising one or more of NOx, ammonia and nitrogen
monoxide;

(2) contacting the gas stream provided in (1) with a catalyst for the oxidation of NO, for
the oxidation of ammonia and for the selective catalytic reduction of NOx according
to any one of embodiments 1 to 56 and 72.

In the context of the present invention, the term “loading of a given component/coating”



10

15

20

25

30

35

40

WO 2020/221891 -30- PCT/EP2020/062117

(in g/in® or g/ft®) refers to the mass of said component/coating per volume of the substrate,
wherein the volume of the substrate is the volume which is defined by the cross-section of the
substrate times the axial length of the substrate over which said component/coating is present.
For example, if reference is made to the loading of a first coating extending over x % of the axial
length of the substrate and having a loading of X ¢/in®, said loading would refer to X gram of the
first coating per x% of the volume (in in®) of the entire substrate.

Further, in the context of the present invention, a term “X is one or more of A, B and C”, wherein
X is a given feature and each of A, B and C stands for specific realization of said feature, is to
be understood as disclosing that X is either A, orB,or C,orAand B, orAand C,orBand C, or
A and B and C. In this regard, it is noted that the skilled person is capable of transfer to above
abstract term to a concrete example, e.g. where X is a chemical element and A, B and C are
concrete elements such as Li, Na, and K, or X is a temperature and A, B and C are concrete
temperatures such as 10 °C, 20 °C, and 30 °C. In this regard, it is further noted that the skilled
person is capable of extending the above term to less specific realizations of said feature, e.g.
“X is one or more of A and B” disclosing that X is either A, or B, or A and B, or to more specific
realizations of said feature, e.g. “Xis one or more of A, B, C and D”, disclosing that X is either
A,orB,orC,orD,orAandB,orAandC,orAandD,orBandC,orBand D,orCand D, or A
andBandC,orAandBandD,orBand CandD, or Aand B and C and D.

Furthermore, in the context of the present invention, the term "the surface of the internal walls”
is 1o be understood as the "naked" or "bare” or "blank” surface of the walls, i.e. the surface of
the walls in an untreated state which consists - apart from any unavoidable impurities with which
the surface may be contaminated - of the material of the walls.

In the context of the present invention, the term “consists of” with regard to the weight-% of one
or more components indicates the weight-% amount of said component(s) based on 100
weight-% of the entity in question. For example, the wording “wherein from 0 to 0.001 weight-%
of the first coating consists of palladium” indicates that among the 100 weight-% of the compo-
nents of which said coating consists of, 0 to 0.001 weight-% is palladium.

The present invention is further illustrated by the following reference examples, comparative
examples and examples.

Examples

Reference Example 1: Determination of the Dv20, Dv50 and DvB0 values

The particle size distributions were determined by a static light scattering method using Sym-
patec HELOS equipment, wherein the optical concentration of the sample was in the range of

from 510 10 %.

Reference Example 2: Measurement of the BET specific surface area
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The BET specific surface area was determined according to DIN 66131 or DIN ISO 9277 using
liquid nitrogen.

Reference Example 3: General coating method

In order to coat the flow-through substrate with one or more coatings, the flow-through substrate
was suitably immersed vertically in a portion of a given slurry for a specific length of the sub-
strate which was equal to the targeted length of the coating to be applied. In this manner, the
slurry contacted the walls of the substrate.

Comparative Example 1: Preparation of a catalyst not according to the present invention
(with a single coating)

To a Zr-doped alumina powder (20 weight-% ZrO», a BET specific surface area of 200 m#/g,
Dv90 of 125 microns and a total pore volume of 0.425 ml/g) was added a platinum ammine so-
lution. After calcination at 590°C the final Pt/Zr-alumina had a Pt content of 1.85 weight-%
based on the weight of Zr-alumina. This material was added to water and the slurry was milled
until the resulting Dv90 was 10 microns, as described in Reference Example 1. To an aqueous
slurry of Cu-CHA zeolitic material (with about 3.75 weight-% of CuO and a SiO;:Al,O3; molar
ratio of about 25) was added a zirconyl-acetate solution to achieve 5 weight-% of ZrO, after
calcination based on the weight of the zeolitic material. The milled Pt/Zr-alumina slurry was
added to the Zr/Cu-CHA slurry and mixed. The final slurry was then disposed over the full
length of an uncoated honeycomb flow-through cordierite monolith substrate (diameter: 26.67
cm (10.5 inches) x length: 7.62 cm (3 inches) cylindrically shaped substrate with 400/(2.54)2
cells per square centimeter and 0.1 mm (4 mil) wall thickness). Afterwards, the substrate was
dried and calcined. The loading of the coating in the catalyst after calcination was about 3.0
g/in® with a Cu-CHA loading of 2.6 g/in?, a ZrOsloading of 0.13 ¢/in®, a Zr-alumina of 0.25 g/in® a
Pt loading of 8 g/ft.

Comparative Example 2: Preparation of a catalyst not according to the present inven-
tion (with three coatings)

Third coating (outlet bottom coating):

To a Si-doped titania powder (10 weight% SiO», a BET specific surface area of 200 m?/g and a
DvO0 of 20 micrometers) was added a platinum ammine solution, such that the Si-titania had
after calcination a Pt content of 1.1 weight-% based on the weight of Si-titania. This material
was added to water and the resulting slurry was milled until the resulting Dv80 was 10 microns,
as described in Reference Example 1. The resulting slurry was then disposed from the outlet
side of an uncoated honeycomb flow-through cordierite monolith substrate toward the inlet side
over half of the length of the substrate using the coating method described in Reference Exam-
ple 3 (diameter: 26.67 cm (10.5 inches) x length: 7.62 c¢cm (3 inches) cylindrically shaped sub-
strate with 400/(2.54)? cells per square centimeter and 0.1 millimeter (4 mil} wall thickness) to
form the third coating. Afterwards, the coated substrate was dried and calcined. The loading of
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the third coating after calcination was about 0.51 g/in?, including a final platinum loading in the
third coating of 10 g/fts.

Second coating (full-length middle coating):

To a Si-doped titania powder (10 weight-% SiO-, a BET specific surface area of 200 m#g and a
DvS0 of 20 micrometers) was added a platinum ammine solution, such that the Si-titania had
after calcination a Pt content of 0.35 weight-% based on the weight of Si-titania. This material
was added to water and the resulting slurry was milled until the resulting Dv90 was 10 microns,
as described in Reference Example 1. To an agueous slurry of Cu-CHA zeolitic material (5.1
weight-% CuO and a SiO2: AlOs molar ratio of 18) is added a zirconyl-acetate solution to
achieve 5 weight% ZrO, after calcination based on the weight of the zeolitic material. To this
Cu-CHA slurry, the Pt-containing slurry was added and stirred, creating the final slurry. The final
slurry was then disposed over the full length of the honeycomb cordierite monolith substrate,
already coated with the third coating, from the inlet side of the substrate towards the outlet side
and covering the third coating using the coating method described in Reference Example 3.
Afterwards, the coated substrate was dried and calcined. The loading of the second coating
after calcination was 2.5 ¢g/in?, including 1.9 g/in® of Cu-CHA, 0.1 g/in® of ZrO3, 0.5 g/in® of Si-
TiOz and a final platinum loading of 3 g/ft®.

First coating (full-length top coating):

To an aqueous slurry of Cu-CHA zeolitic material (5.1 weight-% CuO and a SiO2: AlOs molar
ratio of 18) was added a zirconyl-acetate solution to achieve 5 weight% ZrO; after calcination
based on the weight of the zeolitic material. The final slurry was then disposed over the full
length of the honeycomb flow-through cordierite monolith substrate, coated with the third and
second coatings, from the inlet side of the substrate towards the outlet side and covering the
second and third coatings using the coating method described in Reference Example 3. After-
wards, the coated substrate was dried and calcined. The loading of the first coating after calci-
nation was 1.0 g/in®. The final catalytic loading (18, 2 and 3" coatings) in the catalyst after cal-
cination was 3.75 g/in®.

Example 1: Preparation of a catalyst according to the present invention (with three coat-
ings)

Third coating (outlet bottom coating):

To a Si-doped titania powder (10 weight-% of SiO», a BET specific surface area of 200 m?/g and
a Dv90 of 20 micrometers) was added a platinum ammine solution, such that the Si-titania had
after calcination a Pt content of 0.81 weight-% based on the weight of Si-titania. This material
was added to water and the slurry was milled until the resulting Dv80 was 5.2 microns, as de-
scribed in Reference Example 1. Finally, a colloidal silica binder was mixed into the slurry at a
level calculated to be 2.5 weight-% SiO; (from the binder) after calcination based on the weight
of Si-titania. The resulting mixture was then disposed from the outlet side of an uncoated hon-
eycomb flow-through cordierite monolith substrate toward the inlet side over half of the length of
the substrate using the coating method described in Reference Example 3 (diameter: 26.67 cm
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(10.5 inches) x length: 7.62 cm (3 inches) cylindrically shaped substrate with 400/(2.54)% celis
per square centimeter and 0.1 millimeter (4 mil) wall thickness) to form the third coating. After-
wards, the coated substrate was dried and calcined. The loading of the third coating after calci-
nation was about 1 g/in®, including a platinum loading in the third coating of 14 g/ft®.

Second coating (inlet bottom coating):

To a Si-doped titania powder (10 wt% SiO», BET specific surface area of 200 m?/g, a Dv90 of 20
microns) was added a platinum ammine solution. After calcination at 590°C the final Pt/Si-
titania had a Pt content of 0.46 weight-% based on the weight of Si-titania. This material was
added to water and the slurry was milled until the resulting Dv90 was 10 microns, as described
in Reference Example 1. To an aqueous slurry of Cu-CHA zeolitic material (5.1 weight-% CuO
and a SiO2:Al,03 molar ratio of 18) was added a zirconyl-acetate solution to achieve 5 weight-%
ZrO; after calcination based on the weight of the zeolitic material. To this Cu-CHA slurry, the Pt-
containing slurry was added and stirred, creating the final slurry. The final slurry was then dis-
posed over half the length of the honeycomb cordierite monolith substrate, coated with the third
coating, from the inlet side of the substrate towards the outlet side, ensuring that the second
coating does not overlap the third coating and using the coating method described in Reference
Example 3 . Afterwards, the coated substrate was dried and calcined. The loading of the second
coating, after calcination was about 2 g/in® with a Cu-CHA loading of 1.67 g/in®, a ZrO; loading
of 0.08 g/in®, a Si-titania loading of 0.25 g/in® and a PGM loading of 2 g/ft®.

First coating (full-length top coating):

To an aqueous slurry of Cu-CHA zeolitic material (5.1 weight-% CuO and a SiO2:Al:O; molar
ratio of 18) was added a zirconyl-acetate solution to achieve 5 weight-% ZrO; after calcination
based on the weight of the zeolitic material. The slurry was then disposed over the full length of
the honeycomb cordierite monolith substrate, coated with the third and second coatings, from
the inlet side of the substrate towards the outlet side and covering the second and third coatings
using the coating method described in Reference Example 3. Afterwards, the coated substrate
was dried and calcined. The loading of this first coating after calcination was 1.0 g/in®. The final
catalytic loading (1, 2™ and 3 coatings) in the catalyst after calcination was about 2.5 g/in®.

Example 2: Preparation of a catalyst according to the present invention (with three coat-
ings)

Third coating (outlet bottom coating):

To a Si-doped titania powder (10 weight-% of SiO», a BET specific surface area of 200 m?/g and
a Dv90 of 20 microns) was added a platinum ammine solution. After calcination at 590°C the
final Pt/Si-titania had a Pt content of 0.81 weight-% based on the weight of Si-titania. This mate-
rial was added to water and the slurry was milled until the resulting Dv80 was 5.2 microns, as
described in Reference Example 1. Finally, a colloidal silica binder was mixed into the slurry at
a level calculated to be 2.5 weight-% after calcination based on the weight of Si-titania. The re-
sulting slurry was then disposed from the outlet end of an uncoated honeycomb flow-through
cordierite monolith substrate toward the inlet side over half of the length of the substrate using
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the coating method described in Reference Example 5 (diameter: 26.67 cm (10.5 inches) x
length: 7.62 cm (3 inches) cylindrically shaped substrate with 400/(2.54)2 cells per square cen-
timeter and 0.1 millimeter (4 mil) wall thickness) to form the third coating. Afterwards, the coated
substrate was dried and calcined. The loading of the third coating in the catalyst after calcina-
tion was about 1 g/in®, including a platinum loading of 14 g/ft®.

Second coating (inlet bottom coating):

To a Si-doped titania powder (10 weight-% of SiO», a BET specific surface area of 200 m?/g and
a Dv90 of 20 microns) was added a platinum ammine solution. After calcination at 590°C the
final Pt/Si-titania had a Pt content of 0.46 weight-% based on the weight of Si-titania. This mate-
rial was added to water and the slurry was milled until the resulting Dv90 was 10 microns, as
described in Reference Example 1. To an agueous slurry of Cu-CHA zeolitic material (5.1
weight-% CuO and a Si0O2:AlLOs molar ratio of 18) was added a zirconyl-acetate solution to
achieve 5 weight-% ZrO, after calcination based on the weight of the zeolitic material. To this
Cu-CHA slurry, the Pt-containing slurry was added and stirred, creating a final mixture. The final
mixture was then disposed over half the length of the honeycomb cordierite monolith substrate,
coated with the third coating, from the inlet side of the substrate towards the outlet side, ensur-
ing that the second coating doses not overlap the third coating and using the coating method
described in Reference Example 3. Afterwards, the coated substrate was dried and calcined.
The loading of the second coating after calcination was 1 g/in® with 0.71 g/in® of Cu-CHA, 0.25
g/in® of Si-titania and a PGM loading of 2 g/ft®.

First coating (full-length top coating):

To an aqueous slurry of Cu-CHA zeolitic material (5.1 weight-% CuO and a SiO2:AlOs molar
ratio of 18) was added a zirconyl-acetate solution to achieve & weight-% ZrO; after calcination
based on the weight of the zeolitic material. The slurry was then disposed over the full length of
the honeycomb cordierite monolith substrate, coated with the third and second coatings, from
the inlet side of the substrate towards the outlet side and covering the second and third coatings
using the coating method described in Reference Example 3. Afterwards, the coated substrate
was dried and calcined. The loading of this first coat was 2.0 ¢g/in®. The final catalytic loading
(1st, 2d and 31 coatings) in the catalyst after calcination was about 3 g/in®.

Example 3: Testing of the catalysts of Comparative Examples 1 and 2 and of Examples 1
and 2 - DeNOx performance and N.O formation

The catalysts were evaluated on a motor test cell. The motor in this case was 6.7L off-road cali-
brated engine. In all cases, each catalyst was tested alone, without any upstream oxidation or
downstream SCR catalysts. The resulting space velocity was 80 k/h for the SCR test (160 k/h
for the highest temperature point). The SCR test was an ammonia to NOx ratio (ANR) sweep
test with different stoichiometric ratios between NH; and NOx evaluated. For the data presented
in Figures 2 and 3, the NOx conversion is always provided at ANR = 1.1 and the N,O formation
at ANR = 1.0 (ANR, which is the stoichiometric ammonia to NOx ratio, allows one to determine
the correct amount of urea to inject based on the given exhaust mass flow and NOx concentra-
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tion). Five SCR inlet temperatures were chosen, and the engine conditions set appropriately to
reach the targeted space velocities. The catalyst activity was allowed to attain a steady-state
equilibrium at each engine load (temperature) and ANR step before moving on to the next step.
Both the NOx conversion presented in Figure 2 and the N;O formation presented in Figure 3
were measured on the same test.

Figure 2 shows that the inventive catalysts of Example 1 and Example 2 exhibit improved
DeNOx over a wide temperature range, namely from 200 to 500 °C, compared to the catalysts
of Comparative Examples 1 and 2 not according to the present invention. In particular, at tem-
perature above 250 °C, e.g. from 300 to 500 °C, the DeNOx activity of the catalysts comprising
a top coating with an SCR-only catalyst is largely improved compared to a catalyst prepared
with a single coating of mixed catalysts. At 450 °C (inlet temperature), the catalysts according to
the present invention exhibit a DeNOx of about 95 % while the catalyst of Comparative Example
1 (a single coating) exhibits a DeNOx of about 50 %.

Figure 3 shows that the catalysts according to the present invention permit to reduce the pro-
duction of N2O, in particular the concentration of nitrous oxide formed are lower than 15 ppm
while with the catalyst of Comparative Example 1, the concentration of N2O formed is of more
than 20 ppm and up to about 60 ppm at about 350°C. Without wanting to be bound to any theo-
ry, it is believed that these results show that the top coating comprising a SCR-only catalyst
may be necessary to control the oxidation of ammonia at temperature above 250°C.

Example 4: Testing of the catalysts of Comparative Examples 1 and 2 and of Examples 1
and 2 — NO oxidation

The catalysts were evaluated on a motor test cell. The motor in this case was 6.7L off-road cali-
brated engine. In all cases, each catalyst was tested alone, without any upstream oxidation or
downstream SCR catalysts. The resulting space velocity was 100 k/h for the NOx oxidation test.
Prior to this test, the catalysts were degreened in-situ at 450 °C for 2 hours. For the NO oxida-
tion test, the outlet exhaust temperature was increased and decreased step-wise from 200 °C to
500 °C to 200 °C in 25 °C steps while maintaining constant space velocity. Each step was held
for 15 minutes to reach equilibrium catalyst conditions. NO oxidation activity is reported as the
ratio of NO3 to total NOx (or NO2/NOx %).

Figure 4 shows that the inventive catalysts of Example 1 and Example 2 exhibit an improved
NO oxidation compared to the catalysts of Comparative Examples 1 and 2. This is especially
apparent at low temperatures between 200 and 350 °C which is the kinetically controlled region.
Furthermore, it is this low temperature region which is most relevant for passive soot oxidation
because this condition is most representative of everyday use. At temperatures above 400 °C
in the diffusion limited regime, the single coat Comparative Example 1 offers somewhat greater
NO oxidation compared with that for Examples 1 and 2, however, the magnitude of the perfor-
mance difference is not as pronounced as in the kinetically controlled regime.
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Brief description of the figures

Figure 1

Figure 2

Figure 3

Figure 4

Cited literature

shows a schematic depiction of a catalyst according to the present invention.
In particular, this figure shows a catalyst 1 of the present invention comprises
a substrate 2, such as a flow-through substrate, onto which an inlet coating 3,
the second coating of the present invention, is disposed over 50 % of the sub-
strate axial length from the inlet end to the outlet end of the substrate and an
outlet coating 4, the third coating of the present invention, is disposed over 50
% of the substrate axial length from the outlet end to the inlet end. The cata-
lyst 1 further comprises a top coating 5 disposed onto the coating 3 (second
coating) and the coating 4 (third coating) over the entire length of the sub-
strate. Generally, a selective catalytic reduction catalyst 14 can be present up-
stream of the catalyst 1.

shows the DeNOx performance of the catalysts of Comparative Examples 1
and 2 and of Examples 1 and 2 at inlet temperatures from about 200 to about
500 °C, and at ANR= 1.1 and SV of 80 k/h (highest temp point is at 160 k/h).
shows the N2O formation of the catalysts of Comparative Examples 1 and 2
and of Examples 1 and 2 at inlet temperatures from about 200 to about 500 °C
and at ANR = 1.0 and SV of 80 k/h (highest temp point is at 160 k/h).

shows the NO oxidation (NO2/NOX ratio) of the catalysts of Comparative Ex-
amples 1 and 2 and of Examples 1 and 2 at inlet temperatures from about 200
to about 450 °C and SV of 100 k/h.

- US 2016/0367973
- US 2016/0367974
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Claims

A catalyst for the oxidation of NO, for the oxidation of ammonia and for the selective cata-

lytic reduction of NOx, comprising

(i) a flow-through substrate comprising an inlet end, an outlet end, a substrate axial
length extending from the inlet end to the outlet end and a plurality of passages de-
fined by internal walls of the flow-through substrate extending therethrough, wherein
the interface between the passages and the internal walls is defined by the surface
of the internal walls;

(i}  afirst coating comprising one or more of a vanadium oxide and a zeolitic material
comprising one or more of copper and iron;

(i) a second coating comprising a platinum group metal component supported on a
non-zeolitic oxidic material and further comprising one or more of a vanadium oxide
and a zeolitic material comprising one or more of copper and iron;

(iv} a third coating comprising a platinum group metal component supported on an oxi-
dic material;

wherein the third coating is disposed on the surface of the internal walls over z % of the

axial length of the substrate from the outlet end to the inlet end, with z being in the range

of from 20 to 80;

wherein the second coating extends over y % of the axial length of the substrate from the

inlet end to the outlet end and is disposed on the surface of the internal walls, with y being

in the range of from 20 to 80;

wherein the first coating extends over x % of the axial length of the substrate from the inlet

end to the outlet end and is disposed on the second coating and on the third coating, with

X being in the range of from 95 to 100.

The catalyst of claim 1, wherein y is in the range of from 20 to (100 - z), preferably y is
(100 - z), wherein z preferably is in the range of from 30 to 70, more preferably in the
range of from 40 to 60, more preferably in the range of from 45 to 55.

The catalyst of claim 1 or 2, wherein the first coating comprises a zeolitic material com-
prising one or more of copper and iron; wherein the zeolitic material comprised in the first
coating has a framework type selected from the group consisting of AEl, GME, CHA, MFI,
BEA, FAU, MOR, a mixture of two or more thereof and a mixed type of two or more there-
of, preferably selected from the group consisting of AEl, GME, CHA, BEA, FAU, MOR, a
mixture of two or more thereof and a mixed type of two or more thereof, more preferably
selected from the group consisting of AEl, CHA, BEA, a mixture of two or more thereof
and a mixed type of two or more thereof, wherein the zeolitic material comprised in the
first coating more preferably has a framework type CHA or AEl, more preferably CHA.

The catalyst of claim 1 or 2, wherein the first coating comprises a vanadium oxide, where-
in the vanadium oxide preferably is one or more of vanadium (V) oxide, a vanadium (IV)
oxide and a vanadium (lll) oxide.
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The catalyst of any one of claims 1 to 4, wherein from 0 to 0.001 weight-%, preferably
from 0 to 0.0001 weight-%, preferably from 0 to 0.00001 weight-%, of the first coating
consist of palladium, preferably of palladium, platinum and rhodium.

The catalyst of any one of claims 1 to 5, wherein the platinum group metal component
comprised in the second coating is one or more of platinum, palladium and rhodium, pref-
erably one or more of platinum and palladium, wherein the platinum group metal compo-
nent more preferably is platinum.

The catalyst of any one of claims 1 to 6, wherein the second coating comprises the plati-
num group metal component at a loading, calculated as elemental platinum group metal,
in the range of from 0.3 to 10 g/ft?, preferably in the range of from 0.5 to 5 g/ft?, more pref-
erably in the range of from 1 to 3 g/ft3;

wherein the second coating preferably comprises the platinum group metal component at
an amount in the range of from 0.1 to 2 weight-%, more preferably in the range of from 0.2
to 1 weight-%, more preferably in the range of from 0.3 to 0.6 weight-%, based on the
weight of the non-zeolitic oxidic material of the second coating.

The catalyst of any one of claims 1 to 7, wherein the non-zeolitic oxidic material onto
which the platinum group metal component of the second coating is supported comprises,
preferably consists of, one or more of alumina, zirconia, titania, silica, ceria, and a mixed
oxide comprising two or more of Al, Zr, Ti, Si, and Ce, preferably one or more of alumina,
zirconia, titania and silica, more preferably one or more of titania and silica;

wherein the second coating preferably comprises the non-zeolitic oxidic material at a load-
ing in the range of from 0.1 to 3 ¢g/in®, more preferably in the range of from 0.15t0 1.5
g/in®, more preferably in the range of from 0.2 to 0.5 g/in®.

The catalyst of any one of claims 1 to 8, wherein the second coating comprises a zeolitic
material comprising one or more of copper and iron; wherein the zeolitic material com-
prised in the second coating has a framework type selected from the group consisting of
AEl, GME, CHA, MFI, BEA, FAU, MOR, a mixture of two or more thereof and a mixed
type of two or more thereof, preferably selected from the group consisting of AEl, GME,
CHA, BEA, FAU, MOR, a mixture of two or more thereof and a mixed type of two or more
thereof, more preferably selected from the group consisting of AEl, CHA, BEA, a mixture
of two or more thereof and a mixed type of two or more thereof, wherein the zeolitic mate-
rial of the second coating more preferably has a framework type CHA or AEI, more pref-
erably CHA.

The catalyst of any one of claims 1 to 9, wherein the second coating and the third coating
together have a platinum group metal component loading in the catalyst, calculated as el-
emental platinum group metal, in the range of from 1 to 40 g/ft®, preferably in the range of
from 2.7 to 25 g/ft®, more preferably in the range of from 4.25 to 15 g/ft®, more preferably
in the range of from 5.5 to 10.5 g/fts.
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The catalyst of any one of claims 1 to 10, wherein the platinum group metal component of
the third coating is one or more of platinum, palladium and rhodium, preferably one or
more of platinum and palladium, more preferably platinum.

The catalyst of any one of claims 1 to 11, wherein the oxidic material supporting the plati-
num group metal component comprised in the third coating comprises, preferably consists
of, one or more of alumina, zirconia, titania, silica, ceria, and a mixed oxide comprising
two or more of Al, Zr, Ti, Si and Ce, preferably one or more of alumina, zirconia, titania
and silica, more preferably one or more of titania and silica;

wherein preferably from 90 to 100 weight-%, more preferably from 95 to 100 weight-%,
more preferably from 99 to 100 weight-%, of the oxidic material of the third coating consist
of titania, and optionally silica.

A method for preparing a catalyst for the oxidation of NO, for the oxidation of ammonia
and for the selective catalytic reduction of NOXx, preferably the catalyst according to any
one of claims 1 to 12, comprising

(a) providing an uncoated flow-through substrate, the substrate comprising an inlet end,
an outlet end, a substrate axial length extending from the inlet end to the outlet end
and a plurality of passages defined by internal walls of the substrate extending
therethrough, wherein the interface between the passages and the internal walls is
defined by the surface of the internal walls;

(b) providing a slurry comprising a platinum group metal component, an oxidic material,
and a solvent, disposing said slurry on the surface of the internal walls of the sub-
strate, over z % of the substrate axial length from the outlet end to the inlet end, with
z being in the range of from 20 to 80, calcining the slurry disposed on the substrate,
obtaining a third coating disposed on the substrate;

(¢) providing a slurry comprising a platinum group metal component, a non-zeolitic oxi-
dic material and one or more of a vanadium oxide and a zeolitic material comprising
one or more of copper and iron, and a solvent, disposing said slurry on the surface
of the internal walls over y % of the substrate axial length from the inlet end to the
outlet end, with y being in the range of from 20 to 80, calcining the slurry disposed
on the substrate, obtaining a second coating disposed on the substrate;

(d) providing a slurry comprising one or more of a vanadium oxide and a zeolitic materi-
al comprising one or more of copper and iron, and a solvent, disposing said slurry
over x % of the substrate axial length on the second coating from the inlet end to the
outlet end, with x being in the range of from 95 to 100, calcining the slurry disposed
on the substrate, obtaining the catalyst for the oxidation of NO, for the oxidation of
ammonia and for the selective catalytic reduction of NOx.

A catalyst for the oxidation of NO, for the oxidation of ammonia and for the selective cata-
lytic reduction of NOx, preferably the catalyst for the oxidation of NO, for the oxidation of
ammonia and for the selective catalytic reduction of NOx obtainable or obtained by the
process according to claim 13.
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An exhaust gas treatment system for treating an exhaust gas stream exiting an internal
combustion engine, preferably a diesel engine, said exhaust gas treatment system having
an upstream end for introducing said exhaust gas stream into said exhaust gas treatment
system, wherein said exhaust gas treatment system comprises the catalyst according to
any one of claims 1 to 12 and 14 and one or more of a selective catalytic reduction cata-
lyst, an ammonia oxidation catalyst, and a diesel particulate filter.
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Figure 1

14

Exhaust gas flow
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Figure 2
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Figure 3

7 9dwexi - e -
T 2|dWex] ewge-
7 ajdwexd saljesedwior) @

T 9]dEXT SAIIRIE AL OT) i

D, / dws1isjul

005 0sy 00 08t 00t 0S¢

00¢

05T

‘ e

£F

L

<

¥ s d
T
&

C
¥

L]
=

-
Lt

Lo
oy

3
!:Xt-

L]
Ly

-
Lo

widd / uonedyussuod OZN




PCT/EP2020/062117

WO 2020/221891

4/4

Figure 4
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