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A catalyst for the selective catalytic reduction of NOx and for the cracking and conversion of a
hydrocarbon

The present invention relates to a catalyst for the selective catalytic reduction of NOx and for
the cracking and conversion of a hydrocarbon, and an exhaust gas treatment system compris-
ing said catalyst and a downstream second catalyst. Further, the present invention relates to a
process for preparing the catalyst, the use of said catalyst and said system as well as a method
for simultaneously converting NOx and HC. Furthermore, the present invention relates to a
catalyst for the selective catalytic reduction of NOx, for the ammonia oxidation and for the
cracking and conversion of a hydrocarbon and an exhaust gas treatment system comprising
said catalyst.

WO 2018/224651 A2 relates to an exhaust gas treatment system comprising a first catalyst for
the abatement of HC and NOx comprising palladium and Cu-zeolitic material followed by a sec-
ond catalyst downstream thereof comprising a NOx reduction component and an ammonia oxi-
dation component.

US 10,589,261 B2 discloses an exhaust system having a first zone containing a first SCR cata-
lyst and a second zone containing an ammonia slip catalyst (ASC), where the ammonia slip
catalyst contains a second SCR catalyst and an oxidation catalyst, and the ASC has diesel oxi-
dation catalyst (DOC) functionality, where the first zone is located on the inlet side of the sub-
strate and the second zone is located in the outlet side of the substrate are disclosed.

Further, it is a known problem that close coupled selective catalytic reduction (SCR) catalysts
based on copper containing zeolitic material having a framework structure of the type CHA, may
be sulfated with time even though there is no upstream oxidation catalyst due to the sulfur triox-
ide (S03) exiting from engine and internally generated by SCR catalysts. Here, the term “close
coupled” catalyst is used herein to define a catalyst which is the first catalyst receiving the ex-
haust gas stream exiting from an engine. Accordingly, it results that close coupled SCR cata-
lysts are not able to provide sufficient DeNOx to meet the Ultra-low nitrogen oxides (NOx) and
nitrous oxide (N2O) emissions, such as CARB after sulfation.

Therefore, it was an object of the present invention to provide a catalyst for the selective catalyt-
ic reduction of NOx and for the cracking and conversion of a hydrocarbon, which exhibits im-
proved catalytic properties and which is able to fully recover after sulfation deactivation.

Surprisingly, it was found that the catalyst of the present invention for the selective catalytic re-
duction of NOx and for the cracking and conversion of a hydrocarbon exhibit improved catalytic
properties and which are able to fully recover after sulfation deactivation.

Therefore, the present invention relates to a catalyst for the selective catalytic reduction of NOx
and for the cracking and conversion of a hydrocarbon, comprising
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(i) asubstrate 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;

(i) acoating disposed on the surface of the internal walls of the substrate, said coating com-
prising a platinum group metal, an 8-membered ring pore zeolitic material comprising one
or more of copper and iron, and further comprising a 10- or more membered ring pore ze-
olitic material.

Preferably the platinum group metal comprised in the coating (ii) is selected from the group
consisting of palladium, platinum, rhodium, iridium and osmium, more preferably selected from
the group consisting of palladium, platinum and rhodium, more preferably selected from the
group consisting of palladium and platinum. it is more preferred that the platinum group metal
comprised in the coating (ii) is palladium.

Preferably the coating comprises the platinum group metal at a loading, calculated as elemental
platinum group metal, in the range of from 2 to 100 g/ft®, more preferably in the range of from 5
to 80 g/ft?, more preferably in the range of from 7 to 60 g/ft®, more preferably in the range of
from 8 to 40 g/ft?, more preferably in the range of from 10 to 30 g/ft.

As to the coating (i), it is preferred that it further comprises a non-zeolitic oxidic material com-
prising one or more of alumina, zirconia, silica, titania and ceria, more preferably one or more of
alumina, zirconia and silica, more preferably one or more of alumina and zirconia, more prefer-
ably alumina or zirconia.

Preferably from 30 to 100 weight-%, more preferably from 50 to 99 weight-%, more preferably
from 70 to 95 weight-%, more preferably from 80 to 92 weight-%, of the non-zeolitic oxidic mate-
rial consist of zirconia. More preferably from 5 to 15 weight-%, more preferably from 6 to 12
weight-%, of the non-zeolitic oxidic material consist of lanthanum, calculated as La;0Os.

Preferably the 8-membered ring pore zeolitic material comprised in the coating (ii) has a frame-
work type selected from the group consisting of CHA, AEl, RTH, LEV, DDR, KFI, ERI, AFX, a
mixture of two or more thereof and a mixed type of two or more thereof, more preferably select-
ed from the group consisting of CHA, AEI, RTH, AFX, a mixture of two or more thereof and a
mixed type of two or more thereof, more preferably selected from the group consisting of CHA
and AEI. More preferably the 8-membered ring pore zeolitic material comprised in the coating
(i) has a framework type CHA.

Preferably from 95 to 100 weight-%, more preferably from 98 to 100 weight-%, more preferably
from 99 to 100 weight-%, more preferably from 99.5 to 100 weight-%, of the framework struc-
ture of the 8-membered ring pore zeolitic material consist of Si, Al, and O.

Preferably at most 1 weight-%, more preferably from O to 0.5 weight-%, more preferably from O
to 0.1 weight-%, of the framework structure of the zeolitic material consist of P.
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Preferably in the framework structure of the 8-membered ring pore zeolitic material, the molar
ratio of Si to Al, calculated as molar SiO2:Al,O3, is in the range of from 2:1 to 60:1, more prefer-
ably in the range of from 2:1 to 50:1, more preferably in the range of from 5:1 to 40:1, more
preferably in the range of from 10:1 to 35:1, more preferably in the range of from 15:1 to 33:1. It
is more preferred that, in the framework structure of the 8-membered ring pore zeolitic material,
the molar ratio of Si to Al, calculated as molar SiO2:Al,Os3, is in the range of from in the range of
from 15:1 to 20:1. Alternatively, it is more preferred that, in the framework structure of the 8-
membered ring pore zeolitic material, the molar ratio of Si to Al, calculated as molar SiO;:Al;O3,
is in the range of from 25:1 to 33:1.

Preferably the 8-membered ring pore zeolitic material comprised in the coating (ii), more prefer-
ably having a framework type CHA, has a mean crystallite size of at least 0.1 micrometer, more
preferably in the range of from 0.1 to 3.0 micrometers, more preferably in the range of from 0.3
to 1.5 micrometer, more preferably in the range of from 0.4 to 1.0 micrometer determined via
scanning electron microscopy.

Preferably the coating (ii) comprises the zeolitic material at a loading in the range of from 0.1 to
3.0 g/in®, more preferably in the range of from 0.5 to 2.5 g/in®, more preferably in the range of
from 0.7 to 2.2 g/in®, more preferably in the range of from 0.8 to 2.0 g/in®.

Preferably the 8-membered ring pore zeolitic material comprised in the coating (ii) comprises
copper, wherein said coating comprises copper in an amount, calculated as CuO, being more
preferably in the range of from 1 to 15 weight-%, more preferably in the range of from 1.25 to 10
weight-%, more preferably in the range of from 1.5 to 7 weight-%, more preferably in the range
of from 2 to 6 weight-%, more preferably in the range of from 2.5 to 5.5 weight-%, based on the
weight of the 8-membered ring pore zeolitic material comprised in the coating (ii).

Preferably the 10- or more membered ring pore zeolitic material comprised in the coating (ii) is a
zeolitic material having a framework type selected from the group consisting of FER, MFI, BEA,
MWW, AFl, MOR, OFF, MFS, MTT, FAU, LTL, MEI, 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 FAU,
FER, MFI, BEA, MWW, 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 FAU, FER, MFI, and BEA. More
preferably the 10- or more, more preferably the 10- or 12-, membered ring pore zeolitic material
is a zeolitic material having a framework type FAU or FER or MFI or BEA.

Preferably from 95 to 100 weight-%, more preferably from 98 to 100 weight-%, more preferably
from 99 to 100 weight-%, more preferably from 99.5 to 100 weight-%, of the framework struc-
ture of the 10- or more membered ring pore zeolitic material consist of Si, Al, and O.

Preferably at most 1 weight-%, more preferably from 0 to 0.5 weight-%, more preferably from O
to 0.1 weight-%, of the framework structure of the 10- or more membered ring pore zeolitic ma-
terial consist of P.
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Preferably in the framework structure of the 10- or more membered ring pore zeolitic material,
the molar ratio of Si to Al, calculated as molar SiO32:AlLOs3, is in the range of from 2:1 to 60:1,
more preferably in the range of from 3:1 to 40:1, more preferably in the range of from 3:1 to
35:1.

Preferably the 10- or more membered ring pore zeolitic material comprised in the coating (ii) is a
zeolitic material having a framework type BEA, wherein, in the framework structure of said zeo-
litic material, the molar ratio of Si to Al, calculated as molar SiO2:Al;Os, is in the range of from
4:1 to 20:1, more preferably in the range of from 6:1 to 15:1, more preferably in the range of
from 8:1 to 12:1.

Alternatively, it is preferred that the 10- or more membered ring pore zeolitic material comprised
in the coating (ii) is a zeolitic material having a framework type FER, wherein, in the framework

structure of said zeolitic material, the molar ratio of Si to Al, calculated as molar SiO;:Al,O3, is in
the range of from 10:1 to 30:1, more preferably in the range of from 15:1 to 25:1, more prefera-

bly in the range of from 18:1 to 22:1.

Alternatively, it is preferred that the 10- or more membered ring pore zeolitic material comprised
in the coating (ii) is a zeolitic material having a framework type FAU, wherein in the framework
structure of said zeolitic material, the molar ratio of Si to Al, calculated as molar SiO;:Al,O3, is in
the range of from 3:1 to 15:1, more preferably in the range of from 4:1 to 10:1, more preferably
in the range of from 4:1 to 8:1.

Alternatively, it is preferred that the 10- or more membered ring pore zeolitic material comprised
in the coating (ii) is a zeolitic material having a framework type MFI, wherein in the framework
structure of said zeolitic material, the molar ratio of Si to Al, calculated as molar SiO;:Al,O3, is in
the range of from 10:1 to 35:1, more preferably in the range of from 20:1 to 32:1, more prefera-
bly in the range of from 25:1 to 30:1.

In the context of the present invention, it is preferred that the 10- or more membered ring pore
zeolitic material comprised in the coating (ii) comprises one or more of iron, copper and a rare
earth element component, more preferably one or more of iron and a rare earth element com-
ponent. Alternatively, it can be preferred that the 10- or more membered ring pore zeolitic mate-
rial comprised in the coating (ii) be in its H-form.

It is more preferred that the coating (ii) comprises the one or more of iron, copper and a rare
earth element component in an amount, calculated as the respective oxide, being preferably in
the range of from 1 to 20 weight-%, more preferably in the range of from 5 to 20 weight-%, more
preferably in the range of from 2 to 8 weight-%, or more preferably in the range of from 10 to 20
weight-%, based on the weight of the 10- or more membered ring pore zeolitic material com-
prised in the coating (ii).
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Preferably said zeolitic material comprised in the coating (ii) comprises iron. It is preferred that,
when the 10- or more membered ring pore zeolitic material comprised in the coating (ii) com-
prises iron, the coating (ii) comprises iron in an amount, calculated as Fe,Os, in the range of
from 2 to 8 weight-%, more preferably in the range of from 2.5 to 6 weight-%, more preferably in
the range of from 3 to 5.5 weight-%, based on the weight of the 10- or more membered ring
pore zeolitic material comprised in the coating (ii).

Itis alternatively preferred that said zeolitic material comprised in the coating (ii) comprises a
rare earth element component. Preferably the rare earth element component comprises one or
more of La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Er, Y and Yb, more preferably comprises one or
more of La, Ce, Pr, Nd, Sm, Eu, Y, Yb and Gd, more preferably comprises one or more of La
and Ce.

More preferably from 60 to 100 weight-%, more preferably from 80 to 100 weight-%, of the rare
earth element component consist of La and/or Ce. In other words, it is preferred that, in the rare
earth element component comprised in the coating (ii), La and/or Ce be the predominant ele-
ment(s).

Itis preferred that, when the 10- or more membered ring pore zeolitic material comprised in the
coating (ii) comprises a rare earth element component, the coating (ii) comprises a rare earth
element component in an amount, calculated as the respective oxide(s), in the range of from 10
to 20 weight-%, more preferably in the range of from 12 to 18 weight-%, more preferably in the
range of from 14 to 17 weight-%, based on the weight of the 10- or more membered ring pore
zeolitic material comprised in the coating (ii)

Preferably the coating (ii) extends over from 95 to 100 %, more preferably from 98 to 100 %,
more preferably from 99 to 100 %, of the substrate axial length.

Itis preferred that the coating according to (ii) comprises, more preferably consists of,

(ii.1) aninlet coat comprising the platinum group metal and the 10- or more membered ring
pore zeolitic material; and

(ii.2) an outlet coat comprising the platinum group metal, a non-zeolitic oxidic material, more
preferably as defined in the foregoing, and the 8-membered ring pore zeolitic material
comprising one or more of copper and iron;

wherein the inlet coat (ii.1) extends over x % of the substrate axial length from the inlet end to-

wards the outlet end of the substrate according to (i), wherein x ranges from 20 to 80, more

preferably from 30 to 60, and

wherein the outlet coat (ii.2) extends over y % of the substrate axial length from the outlet end

towards the inlet end of the substrate according to (i), wherein y ranges from 20 to 80, more

preferably from 30 to 60.
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Preferably the inlet coat (ii. 1) is disposed on the surface of the internal walls of the substrate (i),
and preferably the outlet coat (ii.2) is disposed on the surface of the internal walls of the sub-
strate (i), wherein y is 100 - x.

Itis preferred that the platinum group metal comprised in the inlet coat (ii.1) is supported on the
10- or more membered ring pore zeolitic material comprising one or more of iron, copper and a
rare earth element component.

Itis preferred that the platinum group metal in the inlet coat (ii.1) is palladium and that the 10- or
more membered ring pore zeolitic material in the inlet coat (ii.1) is a zeolitic material having a
framework type BEA, wherein said zeolitic material more preferably comprises one or more of
iron, copper and a rare earth element component, more preferably one or more of iron and a
rare earth element component, more preferably iron. It is alternatively preferred that the plati-
num group metal in the inlet coat (ii.1) is palladium and that the 10- or more membered ring
pore zeolitic material in the inlet coat (ii.1) is a zeolitic material having a framework type FAU,
wherein said zeolitic material more preferably comprises one or more of iron, copper and a rare
earth element component, more preferably one or more of iron and a rare earth element com-
ponent, more preferably a rare earth element component as defined in in the foregoing. It is
alternatively preferred that the platinum group metal of the inlet coat (ii.1) is palladium and that
the 10- or more membered ring pore zeolitic material in the inlet coat (ii.1) is a zeolitic material
having a framework type MFI, wherein said zeolitic material more preferably comprises one or
more of iron, copper and a rare earth element component, more preferably one or more of iron
and a rare earth element component, more preferably iron.

In the context of the present invention, it is preferred that from 99 to 100 weight-%, more prefer-
ably from 99.5 to 100 weight-%, more preferably from 99.9 to 100 weight-%, of the inlet coat
(ii.1) consists of the platinum group metal, the 10- or more membered ring pore zeolitic material
and more preferably one or more of iron, copper and a rare earth element component.

Itis preferred that the inlet coat (ii.1) further comprises a non-zeolitic oxidic material, more pref-
erably as defined in the foregoing, wherein the platinum group metal comprised in the inlet coat
(ii.1) is supported on said non-zeolitic oxidic material, wherein the inlet coat (ii.1) more prefera-
bly comprises the non-zeolitic oxidic material in an amount in the range of from 5 to 50 weight-
%, more preferably in the range of from 10 to 50 weight-%, based on the weight of the inlet coat

i 1).

Itis preferred that the platinum group metal in the inlet coat (ii.1) is palladium, the non-zeolitic
oxidic material comprises zirconia or alumina, and that the 10- or more membered ring pore
zeolitic material in the inlet coat (ii.1) is a zeolitic material having a framework type BEA, where-
in said zeolitic material more preferably comprises one or more of iron, copper and a rare earth
element component, more preferably one or more of iron and a rare earth element component,
more preferably iron. It is alternatively preferred that the zeolitic material having a framework
type BEA be in its H-form.
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Preferably from 99 to 100 weight-%, more preferably from 99.5 to 100 weight-%, more prefera-
bly from 99.9 to 100 weight-%, of the inlet coat (ii.1) consists of the platinum group metal, the
non-zeolitic oxidic material, the 10- or more membered ring pore zeolitic material and optionally
one or more of iron, copper and a rare earth element component.

Preferably the inlet coat (ii.1) comprises the platinum group metal at a loading, calculated as
elemental platinum group metal, in the range of from 5 to 40 g/ft3, more preferably in the range
of from 10 to 35 g/ft®, more preferably in the range of from 15 to 30 g/fts.

Preferably the inlet coat (ii.1) comprises the zeolitic material at a loading in the range of from 1
to 2 g/in®, more preferably in the range of from 1.1 to 1.5 g/in®.

Preferably at most 0.1 weight-%, more preferably at most 0.01 weight-%, more preferably at
most 0.001 weight-%, of the inlet coat (ii.1) consists of an 8-membered ring pore zeolitic materi-
al. In other words, it is preferred that the inlet coat (ii.1) is substantially free of, more preferably
free of, an 8-membered ring pore zeolitic material.

Preferably the platinum group metal of the outlet coat (ii.2) is supported on the non-zeolitic oxi-
dic material of the outlet coat (ii.2).

Preferably the outlet coat (ii.2) comprises the non-zeolitic oxidic material at a loading in the
range of from 0.05 to 1 g/in®, more preferably in the range of from 0.1 to 0.5 g/in®.

Preferably the weight ratio of the 8-membered ring pore zeolitic material of the outlet coat (ii.2)
relative to the non-zeolitic oxidic material of the outlet coat (ii.2) is in the range of from 3:1 to
20:1, more preferably in the range of from 5:1 to 15:1, more preferably in the range of from 8:1
to 12:1.

Preferably in the framework structure of the 8-membered ring pore zeolitic material of the outlet
coat (ii.2), the molar ratio of Si to Al, calculated as molar SiO:AlO3, is in the range of from 15:1
to 33:1, more preferably in the range of from 15:1 to 20:1, or more preferably in the range of
from 25:1 to 33:1.

Preferably the 8-membered ring pore zeolitic material comprised in the outlet coat (ii.2) com-
prises copper, wherein said outlet coat (ii.2) comprises copper in an amount, calculated as
CuO, being more preferably in the range of from 2.5 to 5.5 weight-%, more preferably in the
range of from 2.75 to 5.5 weight-%, more preferably in the range of from 3 to 3.75 weight-%, or
more preferably in the range of from 4.5 to 5.25 weight-%, based on the weight of the 8-
membered ring pore zeolitic material comprised in the outlet coat (ii.2).

Preferably the platinum group metal in the outlet coat (ii.2) is palladium and the non-zeolitic oxi-
dic material of the outlet coat (ii.2) comprises zirconia.
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Preferably the outlet coat (ii.2) comprises the platinum group metal at a loading, calculated as
the elemental platinum group metal, in the range of from 5 to 25 g/ft®, more preferably in the
range of from 10 to 20 g/fts.

Preferably the outlet coat (ii.2) comprises the 8-membered ring pore zeolitic material at a load-
ing in the range of from 1 to 4 g/in®, more preferably in the range of from 1.5 to 2.5 g/in®.

Preferably the outlet coat (ii.2) further comprises a metal oxide binder, wherein the metal oxide
binder more 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.

Itis preferred that the outlet coat (ii.2) comprises said metal oxide binder in an amount in the
range of from 1 to 8 weight-%, more preferably in the range of from 3 to 7 weight-%, based on
the weight of the 8-membererd ring pore zeolitic material comprising one or more of copper and
iron.

Preferably from 99 to 100 weight-%, more preferably from 99.5 to 100 weight-%, more prefera-
bly from 99.9 to 100 weight-%, of the outlet coat (ii.2) consists of the platinum group metal, the
non-zeolitic oxidic material, the 8-membered ring pore zeolitic material comprising one or more
of copper and iron, and more preferably a metal oxide binder as defined in the foregoing.

Preferably at most 0.1 weight-%, more preferably at most 0.01 weight-%, more preferably at
most 0.001 weight-%, of the outlet coat (ii.2) consists of a 10- or more membered ring pore zeo-
litic material. In other words, it is preferred that the outlet coat (ii.2) is substantially free of, more
preferably free of, a 10- or more membered ring pore zeolitic material.

Itis alternatively preferred that the coating according to (ii) comprises, more preferably consists

of,

(ii.1) aninlet coat comprising the 10- or more membered ring pore zeolitic material, wherein at
at most 0.1 weight-%, more preferably at most 0.01 weight-%, more preferably at most
0.001 weight-%, of the inlet coat (ii.1) consist of a platinum group metal; and

(ii.2) an outlet coat comprising the platinum group metal, a non-zeolitic oxidic material, more
preferably as defined in the foregoing, and the 8-membered ring pore zeolitic material
comprising one or more of copper and iron;

wherein the inlet coat (ii.1) extends over x % of the substrate axial length from the inlet end to-

wards the outlet end of the substrate according to (i), wherein x ranges from 20 to 80, more

preferably from 30 to 60, and

wherein the outlet coat (ii.2) extends over y % of the substrate axial length from the outlet end

towards the inlet end of the substrate according to (i), wherein y ranges from 20 to 80, more

preferably from 30 to 60. As to the composition of the inlet coat, it is preferred in other words,
that the inlet coat (ii.1) is substantially free of, more preferably free of, a platinum group metal.
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It is alternatively preferred that the coating according to (ii) comprises, more preferably consists

of,

(ii.1) aninlet coat comprising the platinum group metal and the 10- or more membered ring
pore zeolitic material; and

(ii.2) an outlet coat comprising a non-zeolitic oxidic material, more preferably as defined in the
foregoing, and the 8-membered ring pore zeolitic material comprising one or more of cop-
per and iron;

wherein the inlet coat (ii.1) extends over x % of the substrate axial length from the inlet end to-

wards the outlet end of the substrate according to (i), wherein x ranges from 20 to 80, more

preferably from 30 to 60, and

wherein the outlet coat (ii.2) extends over y % of the substrate axial length from the outlet end

towards the inlet end of the substrate according to (i), wherein y ranges from 20 to 80, more

preferably from 30 to 60. As to the composition of the outlet coat, it is preferred in other words,

that the outlet coat (ii.2) is substantially free of, more preferably free of, a platinum group metal.

In the context of the present invention, it is alternatively preferred that the coating (ii) be a single
coat.

Preferably the non-zeolitic oxidic material of the coating (ii) comprises zirconia or alumina,
wherein the coating (ii) more preferably comprises said non-zeolitic oxidic material at a loading
in the range of from 0.05 to 1 g/in®, more preferably in the range of from 0.1 to 0.5 g/in®.

Preferably in the framework structure of the 8-membered ring pore zeolitic material of the coat-
ing (ii), the molar ratio of Si to Al, calculated as molar SiO2:Al,O3, is more preferably in the range
of from 15:1 to 20:1.

Itis preferred that the 8-membered ring pore zeolitic material comprised in the coating (ii) com-
prises copper, wherein said coating comprises copper in an amount, calculated as CuO, being
more preferably in the range of from 2.5 to 5.5 weight-%, more preferably in the range of from
4.5 to 5.25 weight-%, based on the weight of the 8-membered ring pore zeolitic material com-
prised in the coating (ii).

Preferably the weight ratio of the 8-membered ring pore zeolitic material of the coating (ii) rela-
tive to the non-zeolitic oxidic material of the coating (ii) is 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 5:1 to 9:1.
Preferably the weight ratio of the 8-membered ring pore zeolitic material of the coating (ii) rela-
tive to the 10- or more membered ring pore zeolitic material of the coating (ii) is 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 5:1 to 9:1.

Itis preferred that the 8-membered ring pore zeolitic material of the coating (ii) has a framework
type CHA and that the 10- or more membered ring pore zeolitic material of the coating (ii) has a
framework type BEA and comprises iron.
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Itis alternatively preferred that the 8-membered ring pore zeolitic material of the coating (ii) has
a framework type CHA and that the 10- or more membered ring pore zeolitic material of the
coating (ii) has a framework type FAU and comprises a rare earth element component as de-
fined in in the foregoing.

Itis alternatively preferred that the 8-membered ring pore zeolitic material of the coating (ii) has
a framework type CHA and that the 10- or more membered ring pore zeolitic material of the
coating (ii) has a framework type MFI and comprises iron.

Itis alternatively preferred that the 8-membered ring pore zeolitic material of the coating (ii) has
a framework type CHA and that the 10- or more membered ring pore zeolitic material of the
coating (ii) has a framework type FER.

Itis preferred that the coating (ii) further comprises a metal oxide binder, wherein the metal ox-
ide binder more 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.

It is preferred that the coating (ii) preferably comprises a metal oxide binder at an amount in the
range of from 1 to 8 weight-%, more preferably in the range of from 3 to 7 weight-%, based on
the weight of the 8-membererd ring pore zeolitic material comprising one or more of copper and
iron.

Preferably from 99 to 100 weight-%, more preferably from 99.5 to 100 weight-%, more prefera-
bly from 99.9 to 100 weight-%, of the coating (ii) consists of the 10- or more membered ring
pore zeolitic material, optionally comprising one or more of iron, copper and a rare earth ele-
ment component, the platinum group metal, the 8- membered ring pore zeolitic material com-
prising one or more of copper and iron, more preferably a non-zeolitic oxidic material as defined
in in the foregoing, and more preferably a metal oxide binder as defined in the foregoing.

Itis preferred that the substrate (i) is a flow-through substrate or a wall-flow filter substrate,
more preferably a flow-through substrate.

Preferably the flow-through substrate (i) comprises, more preferably consists of, a ceramic sub-
stance, wherein the ceramic substance more preferably comprises, more preferably consists of,
one or more of an alumina, a silica, a silicate, an aluminosilicate, more preferably a cordierite or
a mullite, an aluminotitanate, a silicon carbide, a zirconia, a magnesia, more preferably a spinel,
and a titania, more preferably one or more of a silicon carbide and a cordierite, more preferably
a cordierite. In the context of the present invention, it can be preferred that the catalyst of the
present invention comprising a ceramic substrate be located downstream of an electrically
heated device that is not coated/catalytically active in an exhaust gas treatment system.
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Alternatively, it is preferred that the flow-through substrate (i) comprises, more preferably con-
sists of, a metallic substance. With regard to the substrate of the catalyst comprising, more
preferably consisting of, a metallic substrate, no specific restriction exits provided that the sub-
strate is suitable for the intended use of the catalyst of the present invention. It is preferred that
the metallic substance comprises, more preferably consists of, oxygen and one or more of iron,
chromium and aluminum. More preferably the substrate is electrically heated.

Itis preferred that the catalyst of the present invention consists of the substrate (i) and the coat-
ing (ii).

Furthermore, it was also an object of the present invention to provide an exhaust gas treatment
system which permits the simultaneous selective catalytic reduction of NOx and the cracking
and conversion of hydrocarbon, generating temperature though an exotherm, for desulfation.
Surprisingly, it was found that the exhaust gas treatment system of the present invention per-
mits the simultaneous selective catalytic reduction of NOx and the cracking and conversion of
hydrocarbon, generating temperature though an exotherm, for desulfation.

Therefore, the present invention relates to an exhaust gas treatment system for treating an ex-

haust gas stream exiting a diesel engine, said exhaust gas treatment system having an up-

stream end for introducing said exhaust gas stream into said exhaust gas treatment system,

wherein said exhaust gas treatment system comprises

(a) afirst catalyst having an inlet end and an outlet end, wherein said catalyst is a catalyst
according to the present invention;

(b) asecond catalyst having an inlet end and an outlet end and comprising a coating dis-
posed on a substrate, wherein the coating comprises a platinum group metal supported
on a non-zeolitic oxidic material and further comprises one or more of a vanadium oxide, a
tungsten oxide and a zeolitic material comprising one or more of copper and iron;
wherein the first catalyst according to (a) is the first catalyst of the exhaust gas treatment
system downstream of the upstream end of the exhaust gas treatment system and where-
in the inlet end of the first catalyst is arranged upstream of the outlet end of the first cata-
lyst;
wherein in the exhaust gas treatment system, the second catalyst according to (b) is lo-
cated downstream of the first catalyst according to (a) and wherein the inlet end of the
second catalyst is arranged upstream of the outlet end of the second catalyst.

Itis preferred that the outlet end of the first catalyst according to (a) is in fluid communication

with the inlet end of the second catalyst according to (b) and that between the outlet end of the

first catalyst according to (a) and the inlet end of the second catalyst according to (b), no cata-

lyst for treating the exhaust gas stream exiting the first catalyst is located in the exhaust gas

treatment system.

Preferably the platinum group metal of the coating of the second catalyst (b) is selected from
the group consisting of platinum, palladium, rhodium, iridium and osmium, more preferably se-
lected from the group consisting of platinum, palladium and rhodium, more preferably selected
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from the group consisting of platinum and palladium. It is more preferred that the platinum group
metal of the second catalyst (b) is platinum.

Preferably the coating of the second catalyst (b) comprises the platinum group metal, preferably
Pt, at a loading, calculated elemental platinum group metal, more preferably as elemental Pt, in
the range of from 0.1 to 10 g/ft®, more preferably in the range of from 0.2 to 5 g/ft®, more prefer-
ably in the range of from 0.5 to 4 g/ft®, more preferably in the range of from 1 to 3 g/ft®.

Itis preferred that the non-zeolitic oxidic material of the coating of the second catalyst (b) com-

prises one or more of titania, zirconia, silica, alumina and ceria, more preferably one or more of
titania, zirconia and alumina, more preferably one or more of titania and zirconia, more prefera-
bly titania, wherein the coating of the second catalyst (b) comprises said non-zeolitic oxidic ma-
terial at a loading in the range of from 0.05 to 1 g/in®, more preferably in the range of from 0.1 to
0.5 g/inc.

Preferably from 30 to 100 weight-%, more preferably from 50 to 99 weight-%, more preferably
from 70 to 95 weight-%, more preferably from 80 to 92 weight-%, of the non-zeolitic oxidic mate-
rial consist of titania. More preferably from 5 to 15 weight-%, more preferably from 6 to 12
weight-%, of the non-zeolitic oxidic material consist of silicon, calculated as SiOs.

Itis preferred that the coating of the second catalyst (b) comprises a zeolitic material having a
framework type selected from the group consisting of CHA, AEI, RTH, LEV, DDR, KFI, ERI,
AFX, a mixture of two or more thereof and a mixed type of two or more thereof, more preferably
selected from the group consisting of CHA, AEI, RTH, AFX, a mixture of two or more thereof
and a mixed type of two or more thereof, more preferably selected from the group consisting of
CHA and AEL. It is preferred that the zeolitic material of the coating of the second catalyst (b)
has a framework type CHA.

Preferably from 95 to 100 weight-%, more preferably from 98 to 100 weight-%, more preferably
from 99 to 100 weight-%, more preferably from 99.5 to 100 weight-%, of the framework struc-
ture of the zeolitic material of the coating of the second catalyst (b) consist of Si, Al, and O.

Preferably at most 1 weight-%, more preferably from 0 to 0.5 weight-%, more preferably from O
to 0.1 weight-%, of the framework structure of said zeolitic material consist of P.

Preferably, in the framework structure of the zeolitic material of the coating of the second cata-
lyst (b), the molar ratio of Si to Al, calculated as molar SiO,:Al,O3, is more preferably in the
range of from 2:1 to 60:1, more preferably in the range of from 2:1 to 50:1, more preferably in
the range of from 5:1 to 40:1, more preferably in the range of from 10:1 to 35:1, more preferably
in the range of from 15:1 to 33:1, more preferably in the range of from 15:1 to 20:1.

Preferably the zeolitic material of the coating of the second catalyst (b), more preferably having
a framework type CHA, has a mean crystallite size of at least 0.1 micrometer, more preferably in
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the range of from 0.1 to 3.0 micrometers, more preferably in the range of from 0.3 to 1.5 mi-
crometer, more preferably in the range of from 0.4 to 1.0 micrometer determined via scanning
electron microscopy.

Itis preferred that the coating of the second catalyst (b) comprises the zeolitic material at a
loading in the range of from 1 to 6 g/in®, more preferably in the range of from 1.5 to 4 g/in®, more
preferably in the range of from 2 to 3 g/in®.

Preferably the zeolitic material comprised in the coating of the second catalyst (b) comprises
copper, wherein said coating comprises copper in an amount, calculated as CuO, being more
preferably in the range of from 1 to 15 weight-%, more preferably in the range of from 1.25 to 10
weight-%, more preferably in the range of from 1.5 to 7 weight-%, more preferably in the range
of from 2 to 6 weight-%, more preferably in the range of from 2.5 to 5.5 weight-%, more prefera-
bly in the range of from 4.5 to 5.25 weight-%, based on the weight of the 8-membered ring pore
zeolitic material comprised in the coating of the second catalyst (b).

Itis preferred that the coating of the second catalyst (b) further comprises a metal oxide binder,
wherein the metal oxide binder more 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.

Preferably the coating of the second catalyst (b) comprises said metal oxide binder at an
amount in the range of from 1 to 8 weight-%, more preferably in the range of from 3 to 7 weight-
%, based on the weight of the zeolitic material comprising one or more of copper and iron.

Itis preferred that the substrate of the second coating comprises 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 substrate more
preferably is a flow-through substrate.

More preferably the coating of the second catalyst (b) comprises

- a bottom coat disposed on the surface of the internal walls of the substrate, said bottom coat
comprising the platinum group metal, the non-zeolitic oxidic material and the zeoltic material
comprising one or more of copper and iron, and preferably a metal oxide binder as defined in
the foregoing; and

- a top coat disposed on the bottom coat, said top coat comprising the zeoltic material compris-
ing one or more of copper and iron and preferably a metal oxide binder as defined in the forego-

ing.

Preferably the bottom coat extends from the inlet end to the outlet end of the substrate axial
length over x % of the substrate axial length, wherein x ranges from 90 to 100, preferably from
95 to 100, more preferably from 99 to 100, and the top coat extends from the inlet end to the
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outlet end of the substrate axial length over y % of the substrate axial length, wherein y ranges
from 90 to x, more preferably y = x.

Alternatively, it is preferred that the coating of the second catalyst (b) be a single coat.

In the context of the present invention, it is preferred that the substrate of the second catalyst
(b) comprises, more preferably consists of, a ceramic substance, wherein the ceramic sub-
stance more preferably comprises, more preferably consists of, one or more of an alumina, a
silica, a silicate, an aluminosilicate, more preferably a cordierite or a mullite, an aluminotitanate,
a silicon carbide, a zirconia, a magnesia, more preferably a spinel, and a titania, more prefera-
bly one or more of a silicon carbide and a cordierite, more preferably a cordierite. It is alterna-
tively preferred that the substrate of the second catalyst (b) comprises, more preferably consists
of, a metallic substance.

With regard to the substrate of the second catalyst (b) comprising, more preferably consisting
of, a metallic substrate, no specific restriction exits provided that the substrate is suitable for the
intended use of the second catalyst comprised in the exhaust gas treatment system of the pre-
sent invention. It is preferred that the metallic substance comprises, more preferably consists of,
oxygen and one or more of iron, chromium and aluminum. The substrate can further be electri-
cally heated.

Itis preferred that the substrate of the first catalyst (a), on which substrate the coating of the first
catalyst is disposed, and that the substrate of the second catalyst (b), on which substrate the
coating of the second catalyst is disposed, together form a single substrate, wherein said single
substrate comprises an inlet end and an outlet end, wherein the inlet end is arranged upstream
of the outlet end, and wherein the coating of the first catalyst is disposed on said single sub-
strate from the inlet end towards the outlet end of said single substrate and the coating of the
second catalyst is disposed on said single substrate from the outlet end towards the inlet end of
said single substrate, wherein the coating of the first catalyst covers from 25 to 75 % of the sub-
strate length and the coating of the second catalyst covers from 25 to 75 % of the substrate
length. Preferably the coating of the first catalyst covers from 30 to 70 %, more preferably from
35 to 65 %, more preferably from 45 to 55 %, of the substrate length and the coating of the sec-
ond catalyst covers from 30 to 70 %, more preferably from 35 to 65 %, more preferably on from
45 to 55 % of the substrate length.

Itis preferred that the coating of the first catalyst and the coating of the second catalyst do not
overlap.

It was a further object of the present invention to provide a catalyst for the selective catalytic
reduction of NOx, for the ammonia oxidation and for the cracking and conversion of a hydrocar-
bon which exhibits improved catalytic properties and which is able to fully recover after sulfation
deactivation. Surprisingly, it was found that the catalyst of the present invention for the selective
catalytic reduction of NOx, for the ammonia oxidation and for the cracking and conversion of a
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hydrocarbon exhibits improved catalytic properties and is able to fully recover after sulfation
deactivation.

Therefore, the present invention relates to a catalyst for the selective catalytic reduction of NOx,
for the cracking and conversion of a hydrocarbon, and for the oxidation of ammonia, comprising
- a 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;

- a first coating disposed on the surface of the internal walls of the substrate, said coating com-
prising a platinum group metal supported on a non-zeolitic oxidic material and further comprises
one or more of a vanadium oxide, a tungsten oxide and a zeolitic material comprising one or
more of copper and iron;

- a second coating disposed on the first coating, said coating comprising a platinum group met-
al, an 8-membered ring pore zeolitic material comprising one or more of copper and iron, and
further comprising a 10- or more membered ring pore zeolitic material.

Preferably the first coating comprises the platinum group metal, more preferably Pt, at a load-
ing, calculated elemental platinum group metal, preferably as elemental Pt, in the range of from
0.1 to 20 g/ft3, more preferably in the range of from 1 to 15 g/ft®, more preferably in the range of
from 3 to 10 g/ft3, more preferably in the range of from 4 to 9 g/fts.

Itis preferred that the first coating comprises a zeolitic material having a framework type select-
ed from the group consisting of CHA, AEIl, RTH, LEV, DDR, KFI, ERI, AFX, a mixture of two or

more thereof and a mixed type of two or more thereof, more preferably selected from the group
consisting of CHA, AEI, RTH, AFX, a mixture of two or more thereof and a mixed type of two or
more thereof, more preferably selected from the group consisting of CHA and AEI. More prefer-
ably the zeolitic material of the first coating has a framework type CHA.

Preferably from 95 to 100 weight-%, more preferably from 98 to 100 weight-%, more preferably
from 99 to 100 weight-%, more preferably from 99.5 to 100 weight-%, of the framework struc-
ture of the zeolitic material of the first coating consist of Si, Al, and O.

Preferably at most 1 weight-%, more preferably from 0 to 0.5 weight-%, more preferably from 0
to 0.1 weight-%, of the framework structure of said zeolitic material consist of P.

Preferably, in the framework structure of the zeolitic material of the first coating, the molar ratio
of Si to Al, calculated as molar SiO,:AlLOs4, is in the range of from 2:1 to 60:1, more preferably in
the range of from 2:1 to 50:1, more preferably in the range of from 5:1 to 40:1, more preferably
in the range of from 10:1 to 35:1, more preferably in the range of from 15:1 to 33:1, more pref-
erably in the range of from 15:1 to 20:1.

Preferably the zeolitic material of the first coating, more preferably having a framework type
CHA, has a mean crystallite size of at least 0.1 micrometer, more preferably in the range of from
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0.1 to 3.0 micrometers, more preferably in the range of from 0.3 to 1.5 micrometer, more prefer-
ably in the range of from 0.4 to 1.0 micrometer determined via scanning electron microscopy.

Itis preferred that the first coating comprises the zeolitic material at a loading in the range of
from 0.1 to 3 g/in®, more preferably in the range of from 0.25 to 1 g/in®, more preferably in the
range of from 0.3 to 0.75 g/in®.

Preferably the zeolitic material comprised in the first coating comprises copper, wherein said
coating comprises copper in an amount, calculated as CuO, being more preferably in the range
of from 1 to 15 weight-%, more preferably in the range of from 1.25 to 10 weight-%, more pref-
erably in the range of from 1.5 to 7 weight-%, more preferably in the range of from 2 to 6 weight-
%, more preferably in the range of from 2.5 to 5.5 weight-%, more preferably in the range of
from 4.5 to 5.25 weight-%, based on the weight of the zeolitic material comprised in the first
coating.

Preferably the non-zeolitic oxidic material of the first coating comprises one or more of titania,
zirconia, silica, alumina and ceria, more preferably one or more of titania, zirconia and alumina,
more preferably one or more of titania and zirconia, more preferably titania.

Itis preferred that the first coating comprises said non-zeolitic oxidic material in an amount in
the range of from 10 to 30 weight-%, more preferably in the range of from 15 to 25 weight-%,
based on the weight of zeolitic material comprising one or more of copper and iron comprised in
the first coating.

Preferably from 30 to 100 weight-%, more preferably from 50 to 99 weight-%, more preferably
from 70 to 95 weight-%, more preferably from 80 to 92 weight-%, of the non-zeolitic oxidic mate-
rial of the first coating consist of titania.

Preferably from 5 to 15 weight-%, more preferably from 6 to 12 weight-%, of the non-zeolitic
oxidic material consist of silicon, calculated as SiOs.

Itis preferred that the first coating further comprises a metal oxide binder, wherein the metal
oxide binder more 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.

Itis preferred that the first coating comprises a metal oxide binder in an amount in the range of
from 1 to 8 weight-%, more preferably in the range of from 3 to 7 weight-%, based on the weight
of the zeolitic material comprising one or more of copper and iron comprised in the first coating.

Preferably the first coating comprises
- a bottom coat disposed on the surface of the internal walls of the substrate, said
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bottom coat comprising the platinum group metal, the non-zeolitic oxidic material and the zeolit-
ic material comprising one or more of copper and iron, and preferably a metal oxide binder as
defined in the foregoing; and

- a top coat disposed on the bottom coat, said top coat comprising the zeoltic material
comprising one or more of copper and iron and preferably a metal oxide binder as defined in the
foregoing,
wherein the bottom coat more preferably extends from the inlet end to the outlet end of the sub-
strate axial length over x1 % of the substrate axial length, wherein x1 ranges from 90 to 100,
more preferably from 95 to 100, more preferably from 99 to 100, and the top coat preferably
extends from the inlet end to the outlet end of the substrate axial length over y1 % of the sub-
strate axial length, wherein y1 ranges from 90 to x, more preferably y1 = x1.

Alternatively, it is preferred that the first coating be a single coat.

In the context of the present invention, it is preferred that the first coating extends over 95 to
100 %, preferably from 98 to 100 %, more preferably from 99 to 100 %, of the substrate axial
length.

Alternatively, it is preferred that the first coating extends over 20 to 70 %, preferably from 40 to
60 %, more preferably from 45 to 55 % of the substrate axial length. More preferably, the first
coating extends from the outlet end towards the inlet end of the substrate.

Preferably from 99 to 100 weight-%, more preferably from 99.5 to 100 weight-%, more prefera-
bly from 99.9 to 100 weight-%, of the first coating consists of the platinum group metal, the non-
zeolitic oxidic material, the zeolitic material comprising one or more of copper and iron, and
preferably a metal oxide binder as defined in the foregoing.

Preferably the platinum group metal comprised in the second coating is selected from the group
consisting of palladium, platinum, rhodium, iridium and osmium, more preferably selected from
the group consisting of palladium, platinum and rhodium, more preferably selected from the
group consisting of palladium and platinum. It is more preferred that the platinum group metal
comprised in the second coating is palladium.

Preferably the second coating comprises the platinum group metal at a loading, calculated as
elemental platinum group metal, in the range of from 2 to 100 g/ft®, more preferably in the range
of from 5 to 80 g/ft®, more preferably in the range of from 7 to 60 g/ft®, more preferably in the
range of from 8 to 40 g/ft®, more preferably in the range of from 10 to 30 g/ft.

Preferably the second coating further comprises a non-zeolitic oxidic material comprises one or
more of alumina, zirconia, silica, titania and ceria, more preferably one or more of alumina, zir-
conia and silica, more preferably one or more of alumina and zirconia, more preferably alumina
or zirconia.
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Preferably from 30 to 100 weight-%, more preferably from 50 to 99 weight-%, more preferably
from 70 to 95 weight-%, more preferably from 80 to 92 weight-%, of the non-zeolitic oxidic mate-
rial of the second coating consist of zirconia.

Preferably from 5 to 15 weight-%, more preferably from 6 to 12 weight-%, of the non-zeolitic
oxidic material consist of lanthanum, calculated as La,Os.

Itis preferred that the 8-membered ring pore zeolitic material comprised in the second coating
has a framework type selected from the group consisting of CHA, AEI, RTH, LEV, DDR, KFI,
ERI, AFX, a mixture of two or more thereof and a mixed type of two or more thereof, more pref-
erably selected from the group consisting of CHA, AEI, RTH, AFX, a mixture of two or more
thereof and a mixed type of two or more thereof, more preferably selected from the group con-
sisting of CHA and AEI. More preferably the 8-membered ring pore zeolitic material comprised
in the second coating has a framework type CHA.

Preferably from 95 to 100 weight-%, more preferably from 98 to 100 weight-%, more preferably
from 99 to 100 weight-%, more preferably from 99.5 to 100 weight-%, of the framework struc-
ture of the 8-membered ring pore zeolitic material comprised in the second coating consist of Si,
Al, and O.

Preferably at most 1 weight-%, more preferably from O to 0.5 weight-%, more preferably from O
to 0.1 weight-%, of the framework structure of the zeolitic material consist of P.

Preferably, in the framework structure of the 8-membered ring pore zeolitic material comprised
in the second coating, the molar ratio of Si to Al, calculated as molar SiO2:AlLQOs3, is in the range
of from 2:1 to 60:1, more preferably in the range of from 2:1 to 50:1, more preferably in the
range of from 5:1 to 40:1, more preferably in the range of from 10:1 to 35:1, more preferably in
the range of from 15:1 to 33:1, more preferably in the range of from 15:1 to 20:1, or more pref-
erably in the range of from 25:1 to 33:1.

Preferably the 8-membered ring pore zeolitic material comprised in the second coating, more
preferably having a framework type CHA, has a mean crystallite size of at least 0.1 micrometer,
more preferably in the range of from 0.1 to 3.0 micrometers, more preferably in the range of
from 0.3 to 1.5 micrometer, more preferably in the range of from 0.4 to 1.0 micrometer deter-
mined via scanning electron microscopy.

Preferably the second coating comprises the 8-membered ring pore zeolitic material at a load-
ing in the range of from 0.1 to 3.0 g/in3, more preferably in the range of from 0.5 to 2.5 g/in®,
more preferably in the range of from 0.7 to 2.2 g/in®, more preferably in the range of from 0.8 to
2.0 g/ind.

Preferably the 8-membered ring pore zeolitic material comprised in the second coating com-
prises copper, wherein said coating comprises copper in an amount, calculated as CuO, being
more preferably in the range of from 1 to 15 weight-%, more preferably in the range of from 1.25
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to 10 weight-%, more preferably in the range of from 1.5 to 7 weight-%, more preferably in the
range of from 2 to 6 weight-%, more preferably in the range of from 2.5 to 5.5 weight-%, based
on the weight of the 8-membered ring pore zeolitic material comprised in the second coating.
Preferably the 10- or more membered ring pore zeolitic material comprised in the second coat-
ing is a zeolitic material having a framework type selected from the group consisting of FER,
MFI, BEA, MWW, AFI, MOR, OFF, MFS, MTT, FAU, LTL, MEI, MOR, a mixture of two or more
thereof and a mixed type of two or more thereof, preferably selected from the group consisting
of FAU, FER, MFI, BEA, MWW, 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 FAU, FER, MFI, and
BEA. It is more preferred that the 10- or more, more preferably 10- or 12-, membered ring pore
zeolitic material is a zeolitic material having a framework type FAU or FER or MFI or BEA.

Preferably from 95 to 100 weight-%, more preferably from 98 to 100 weight-%, more preferably
from 99 to 100 weight-%, more preferably from 99.5 to 100 weight-%, of the framework struc-
ture of the 10- or more membered ring pore zeolitic material consist of Si, Al, and O.

Preferably at most 1 weight-%, more preferably from 0 to 0.5 weight-%, more preferably from O
to 0.1 weight-%, of the framework structure of the zeolitic material consist of P.

Preferably in the framework structure of the 10- or more membered ring pore zeolitic material,
the molar ratio of Si to Al, calculated as molar SiO32:Al,O3, is more preferably in the range of
from 2:1 to 60:1, more preferably in the range of from 3:1 to 40:1, more preferably in the range
of from 3:1 to 35:1.

Preferably, when the 10- or more membered ring pore zeolitic material comprised in the second
coating is a zeolitic material having a framework type BEA, in the framework structure of said
zeolitic material, the molar ratio of Si to Al, calculated as molar SiO:Al;Os3, is in the range of
from 4:1 to 20:1, more preferably in the range of from 6:1 to 15:1, more preferably in the range
of from 8:1 to 12:1.

Itis alternatively preferred that, when the 10- or more membered ring pore zeolitic material

comprised in the second coating is a zeolitic material having a framework type FER, in the

framework structure of said zeolitic material, the molar ratio of Si to Al, calculated as molar

Si02:AlL 04, is in the range of from 10:1 to 30:1, more preferably in the range of from 15:1 to
25:1, more preferably in the range of from 18:1 to 22:1.

Itis alternatively preferred that, when the 10- or more membered ring pore zeolitic material
comprised in the second coating is a zeolitic material having a framework type FAU, in the
framework structure of said zeolitic material, the molar ratio of Si to Al, calculated as molar
Si02:AlL 04, is in the range of from 3:1 to 15:1, more preferably in the range of from 4:1 to 10:1,
more preferably in the range of from 4:1 to 8:1.



10

15

20

25

30

35

40

WO 2022/229237 PCT/EP2022/061133
-20 -

Itis alternatively preferred that, when the 10- or more membered ring pore zeolitic material
comprised in the second coating is a zeolitic material having a framework type MFI, in the
framework structure of said zeolitic material, the molar ratio of Si to Al, calculated as molar
Si02:AlL 04, is in the range of from 10:1 to 35:1, more preferably in the range of from 20:1 to
32:1, more preferably in the range of from 25:1 to 30:1.

In the context of the present invention, it is preferred that, the 10- or more membered ring pore
zeolitic material comprised in the second coating comprises one or more of iron, copper and a
rare earth element component, more preferably one or more of iron and a rare earth element
component. It is also conceivable that the 10- or more membered ring pore zeolitic material in
the second coating be preferably in its H-form.

Preferably said coating comprises the one or more of iron, copper and a rare earth element
component in an amount, calculated as the respective oxide, being in the range of from 1 to 20
weight-%, more preferably in the range of from 5 to 20 weight-%, more preferably in the range
of from 2 to 8 weight-%, or more preferably in the range of from 10 to 20 weight-%, based on
the weight of the 10- or more membered ring pore zeolitic material comprised in the second
coating.

Itis preferred that said 10- or more membered ring pore zeolitic material comprised in the sec-
ond coating comprises iron. More preferably the second coating comprises iron in an amount,
calculated as Fe,03, in the range of from 2 to 8 weight-%, more preferably in the range of from
2.5 to 6 weight-%, more preferably in the range of from 3 to 5.5 weight-%, based on the weight
of the 10- or more membered ring pore zeolitic material comprised in the second coating.

Itis alternatively preferred that the 10- or more membered ring pore zeolitic material comprised
in the second coating comprises a rare earth element component, wherein the rare earth ele-
ment component more preferably comprises one or more of La, Ce, Pr, Nd, Pm, Sm, Eu, Gd,
Tb, Er, Y and Yb, more preferably comprises one or more of La, Ce, Pr, Nd, Sm, Eu, Y, Yb and
Gd, more preferably comprises one or more of La and Ce.

More preferably from 60 to 100 weight-%, more preferably from 80 to 100 weight-%, of the rare
earth element component consist of La and/or Ce. In other words, it is preferred that, in the rare
earth element component comprised in the second coating, La and/or Ce be the predominant
element(s).

Itis preferred that, when the 10- or more membered ring pore zeolitic material comprised in the
second coating comprises a rare earth element component, the second coating more preferably
comprises a rare earth element component in an amount, calculated as the respective oxide(s),
in the range of from 10 to 20 weight-%, more preferably in the range of from 12 to 18 weight-%,
more preferably in the range of from 14 to 17 weight-%, based on the weight of the 10- or more
membered ring pore zeolitic material comprised in the coating (ii).
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In the context of the present invention, it is preferred that the second coating extends over 95 to

100 %, more preferably from 98 to 100 %, more preferably from 99 to 100 %, of the substrate

axial length.

Preferably the second coating comprises, more preferably consists of,

- an inlet coat comprising the platinum group metal and the 10- or more membered ring
pore zeolitic material; and

- an outlet coat comprising the platinum group metal, a non-zeolitic oxidic material, prefera-
bly as defined in the foregoing, and the 8-membered ring pore zeolitic material comprising
one or more of copper and iron;

wherein the inlet coat extends over x2 % of the substrate axial length from the inlet end towards

the outlet end of the substrate, wherein x2 ranges from 20 to 80, more preferably from 30 to 60,

and

wherein the outlet coat extends over y2 % of the substrate axial length from the outlet end to-

wards the inlet end of the substrate, wherein y2 ranges from 20 to 80, more preferably from 30

to 60.

Preferably the inlet coat of the second coating is disposed on the first coating, and preferably
the outlet coat of the second coating is disposed on the first coating, wherein y2 is 100 — x2.

It is preferred, in the inlet coat of the second coating, that the platinum group metal is supported
on the 10- or more membered ring pore zeolitic material, more preferably comprising one or
more of iron, copper and a rare earth element component.

Preferably the platinum group metal in the inlet coat of the second coating is palladium and
preferably the 10- or more membered ring pore zeolitic material in the inlet coat of the second
coating is a zeolitic material having a framework type BEA, wherein said zeolitic material more
preferably comprises one or more of iron, copper and a rare earth element component, more
preferably one or more of iron and a rare earth element component, more preferably iron.

Itis alternatively preferred that the platinum group metal in the inlet coat of the second coating
is palladium and that the 10- or more membered ring pore zeolitic material in the inlet coat of
the second coating is a zeolitic material having a framework type FAU, wherein said zeolitic
material more preferably comprises one or more of iron, copper and a rare earth element com-
ponent, more preferably one or more of iron and a rare earth element component, more prefer-
ably a rare earth metal element component as defined in the foregoing.

Itis alternatively preferred that the platinum group metal of the inlet coat of the second coating
is palladium and that the 10- or more membered ring pore zeolitic material in the inlet coat of
the second coating is a zeolitic material having a framework type MFI, wherein said zeolitic ma-
terial more preferably comprises one or more of iron, copper and a rare earth element compo-
nent, more preferably one or more of iron and a rare earth element component, more preferably
iron.
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Preferably from 99 to 100 weight-%, more preferably from 99.5 to 100 weight-%, more prefera-
bly from 99.9 to 100 weight-%, of the inlet coat of the second coating consists of the platinum
group metal, the 10- or more membered ring pore zeolitic material and more preferably one or
more of iron, copper and a rare earth element component.

Preferably the inlet coat of the second coating further comprises a non-zeolitic oxidic material,
more preferably as defined in the foregoing, wherein the platinum group metal comprised in the
inlet coat of the second coating is supported on said non-zeolitic oxidic material, wherein the
inlet coat of the second coating more preferably comprises the non-zeolitic oxidic material in an
amount in the range of from 10 to 50 weight-% based on the weight of the inlet coat of the sec-
ond coating.

Preferably the platinum group metal comprised in the inlet coat of the second coating is palladi-
um, the non-zeolitic oxidic material comprised in the inlet coat of the second coating comprises
zirconia or alumina, and the 10- or more membered ring pore zeolitic material comprised in the
inlet coat of the second coating is a zeolitic material having a framework type BEA, wherein said
zeolitic material more preferably comprises one or more of iron, copper and a rare earth ele-
ment component, more preferably one or more of iron and a rare earth element component,
more preferably iron.

Preferably from 99 to 100 weight-%, more preferably from 99.5 to 100 weight-%, more prefera-
bly from 99.9 to 100 weight-%, of the inlet coat of the second coating consists of the platinum
group metal, the non-zeolitic oxidic material, the 10- or more membered ring pore zeolitic mate-
rial and preferably one or more of iron, copper and a rare earth element component.

Preferably the inlet coat of the second coating comprises the platinum group metal at a loading,
calculated as elemental platinum group metal, in the range of from 5 to 40 g/ft®, more preferably
in the range of from 10 to 35 g/ft®, more preferably in the range of from 15 to 30 g/ft.

Preferably the inlet coat of the second coating comprises the zeolitic material at a loading in the
range of from 1 to 3 g/in®, more preferably in the range of from 1.5 to 2.5 g/in®.

Preferably at most 0.1 weight-%, more preferably at most 0.01 weight-%, more preferably at

most 0.001 weight-%, of the inlet coat of the second coating consists of an 8-membered ring

pore zeolitic material. In other words, it is preferred that the inlet coat of the second coating is
substantially free of, more preferably free of, an 8-membered ring pore zeolitic material.

Preferably the platinum group metal of the outlet coat of the second coating is supported on the
non-zeolitic oxidic material of the outlet coat of the second coating.

Preferably the outlet coat of the second coating comprises the non-zeolitic oxidic material at a
loading in the range of from 0.05 to 1 g/in®, more preferably in the range of from 0.1 to 0.5 g/in®.
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Preferably the weight ratio of the 8-membered ring pore zeolitic material of the outlet coat of the
second coating relative to the non-zeolitic oxidic material of the outlet coat of the second coating
is in the range of from 3:1 to 20:1, more preferably in the range of from 5:1 to 15:1, more prefer-
ably in the range of from 8:1 to 12:1.

Preferably in the framework structure of the 8-membered ring pore zeolitic material of the outlet
coat of the second coating, the molar ratio of Si to Al, calculated as molar SiO2:AlLO3, is in the
range of from 15:1 to 33:1, more preferably in the range of from 15:1 to 20:1. It is more pre-
ferred that said outlet coat of the second coating comprises copper in an amount, calculated as
CuO, being more preferably in the range of from 2.5 to 5.5 weight-%, more preferably in the
range of from 2.75 to 5.5 weight-%, more preferably in the range of from 4.5 to 5.25 weight-%,
based on the weight of the 8-membered ring pore zeolitic material comprised in the outlet coat
of the second coating.

Alternatively it is preferred that in the framework structure of the 8-membered ring pore zeolitic
material of the outlet coat of the second coating, the molar ratio of Si to Al, calculated as molar
Si02:AlL 04, is in the range of from 15:1 to 33:1, more preferably in the range of from 25:1 to
33:1. It is more preferred that said outlet coat of the second coating comprises copper in an
amount, calculated as CuO, being more preferably in the range of from 2.5 to 5.5 weight-%,
more preferably in the range of from 2.75 to 5.5 weight-%, more preferably in the range of from
3 to 3.75 weight-%, based on the weight of the 8-membered ring pore zeolitic material com-
prised in the outlet coat of the second coating.

Itis preferred that the 8-membered ring pore zeolitic material comprised in the outlet coat of the
second coating comprises copper, wherein said outlet coat of the second coating comprises
copper in an amount, calculated as CuQ, being more preferably in the range of from 2.5t0 5.5
weight-%, more preferably in the range of from 2.75 to 5.5 weight-%, more preferably in the
range of from 3 to 3.75 weight-%, or more preferably in the range of from 4.5 to 5.25 weight-%,
based on the weight of the 8-membered ring pore zeolitic material comprised in the outlet coat
of the second coating.

Preferably the platinum group metal in the outlet coat of the second coating is palladium and the
non-zeolitic oxidic material of the outlet coat of the second coating comprises zirconia.

Preferably the outlet coat of the second coating comprises the platinum group metal at a load-
ing, calculated as the elemental platinum group metal, in the range of from 5 to 25 g/ft®, more
preferably in the range of from 10 to 20 g/ft.

Preferably the outlet coat of the second coating comprises the 8-membered ring pore zeolitic
material at a loading in the range of from 1 to 4 g/in®, more preferably in the range of from 1.5 to
2.5 g/ind.
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Preferably the outlet coat of the second coating further comprises a metal oxide binder, where-
in the metal oxide binder more 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.

Itis preferred that the outlet coat of the second coating comprises said metal oxide binder in an
amount in the range of from 1 to 8 weight-%, more preferably in the range of from 3 to 7 weight-
%, based on the weight of the 8-membererd ring pore zeolitic material comprising one or more
of copper and iron.

Preferably from 99 to 100 weight-%, more preferably from 99.5 to 100 weight-%, more prefera-
bly from 99.9 to 100 weight-%, of the outlet coat of the second coating consists of the platinum
group metal, the non-zeolitic oxidic material, the 8-membered ring pore zeolitic material com-
prising one or more of copper and iron, and more preferably a metal oxide binder as defined in
the foregoing.

Preferably at most 0.1 weight-%, more preferably at most 0.01 weight-%, more preferably at
most 0.001 weight-%, of the outlet coat of the second coating consists of a 10- or more mem-
bered ring pore zeolitic material. In other words, it is preferred that the outlet coat of the second
coating is substantially free of, more preferably free of, a 10- or more membered ring pore zeo-
litic material.

Alternatively, it is preferred that the second coating be a single coat.

Preferably the non-zeolitic oxidic material of the second coating comprises zirconia or alumina,
wherein the second coating more preferably comprises said non-zeolitic oxidic material at a
loading in the range of from 0.05 to 1 g/in®, more preferably in the range of from 0.1 to 0.5 g/in®.

Preferably in the framework structure of the 8-membered ring pore zeolitic material of the sec-
ond coating, the molar ratio of Si to Al, calculated as molar SiO2:Al;O3, is more preferably in the
range of from 15:1 to 20:1.

Preferably the 8-membered ring pore zeolitic material comprised in the second coating com-
prises copper, wherein said coating comprises copper in an amount, calculated as CuO, being
more preferably in the range of from 2.5 to 5.5 weight-%, more preferably in the range of from
4.5 to 5.25 weight-%, based on the weight of the 8-membered ring pore zeolitic material com-
prised in the second coating.

Preferably the weight ratio of the 8-membered ring pore zeolitic material of the second coating
relative to the non-zeolitic oxidic material of the second coating is 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 5:1
to 9:1.
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Preferably the weight ratio of the 8-membered ring pore zeolitic material of the second coating
relative to the 10- or more membered ring pore zeolitic material of the second coating is 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 5:1 to 9:1.

Preferably the 8-membered ring pore zeolitic material of the second coating has a framework
type CHA and preferably the 10- or more membered ring pore zeolitic material of the second
coating has a framework type BEA and comprises iron.

Itis alternatively preferred that the 8-membered ring pore zeolitic material of the second coating
has a framework type CHA and that the 10- or more membered ring pore zeolitic material of the
second coating has a framework type FAU and comprises a rare earth element component as
defined in the foregoing.

Itis alternatively preferred that the 8-membered ring pore zeolitic material of the second coating
has a framework type CHA and that the 10- or more membered ring pore zeolitic material of the
second coating has a framework type MFI and comprises iron.

Itis alternatively preferred that the 8-membered ring pore zeolitic material of the second coating
has a framework type CHA and that the 10- or more membered ring pore zeolitic material of the
second coating has a framework type FER.

In the context of the present invention, it is preferred that the second coating further comprises
a metal oxide binder, wherein the metal oxide binder more 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. It is more pre-
ferred that the second coating comprises said metal oxide binder at an amount in the range of
from 1 to 8 weight-%, more preferably in the range of from 3 to 7 weight-%, based on the weight
of the 8-membererd ring pore zeolitic material comprising one or more of copper and iron.

Preferably from 99 to 100 weight-%, more preferably from 99.5 to 100 weight-%, more prefera-
bly from 99.9 to 100 weight-%, of the second coating consists of the 10- or more membered ring
pore zeolitic material, optionally comprising one or more of iron, copper and a rare earth ele-
ment component, the platinum group metal, the 8- membered ring pore zeolitic material com-
prising one or more of copper and iron, more preferably a non-zeolitic oxidic material as defined
in in the foregoing, and more preferably a metal oxide binder as defined in the foregoing.

Preferably the substrate of the catalyst for the selective catalytic reduction of NOx, for the crack-
ing and conversion of a hydrocarbon, and for the oxidation of ammonia is a flow-through sub-
strate or a wall-flow filter substrate, more preferably a flow-through substrate. More preferably
the flow-through substrate comprises, more preferably consists of, a ceramic substance, where-
in the ceramic substance more preferably comprises, more preferably consists of, one or more
of an alumina, a silica, a silicate, an aluminosilicate, more preferably a cordierite or a mullite, an
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aluminotitanate, a silicon carbide, a zirconia, a magnesia, more preferably a spinel, and a tita-
nia, more preferably one or more of a silicon carbide and a cordierite, more preferably a cordier-
ite. It is alternatively more preferred that the flow-through substrate comprises, more preferably
consists of, a metallic substance. As to the metallic substance, no specific restriction exits pro-
vided that the substrate is suitable for the intended use of the catalyst for the selective catalytic
reduction of NOXx, for the cracking and conversion of a hydrocarbon, and for the oxidation of
ammonia of the present invention. It is preferred that the metallic substance comprises, more
preferably consists of, oxygen and one or more of iron, chromium and aluminum. It can be pre-
ferred that the substrate is electrically heated.

Itis preferred that the catalyst for the selective catalytic reduction of NOx, for the cracking and
conversion of a hydrocarbon, and for the oxidation of ammonia of the present invention consists
of the substrate, the first coating and the second coating.

The present invention further relates to a method for preparing a catalyst for the cracking and
conversion of HC and for the selective catalytic reduction of NOx, preferably the catalyst for the
selective catalytic reduction of NOx and for the cracking and conversion of a hydrocarbon ac-
cording to the present invention,, comprising

(1) providing an uncoated 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 pas-
sages defined by internal walls of the substrate extending therethrough;

(2) providing a slurry comprising water, a platinum group metal precursor, preferably palladi-
um salt, a non-zeolitic oxidic material, an 8-membered ring pore zeolitic material compris-
ing one or more of copper and iron, and a 10- or more membered ring pore zeolitic mate-
rial, disposing said slurry on the surface of the internal walls of the substrate, over 90 to
100 % of the substrate axial length from the inlet end towards the outlet end of the sub-
strate provided in (1);

(3) calcining the slurry disposed on the substrate obtained according to (2), obtaining a cata-
lyst for the conversion of HC and for the selective catalytic reduction of NOx.

The present invention further relates to a method for preparing a catalyst for the cracking and
conversion of HC and for the selective catalytic reduction of NOx, preferably the catalyst for the
cracking and conversion of HC and for the selective catalytic reduction of NOx according to the
present invention, comprising

(1) providing an uncoated 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 pas-
sages defined by internal walls of the substrate extending therethrough;

(2) providing a first slurry comprising water, a platinum group metal precursor, preferably pal-
ladium salt, and a 10- or more membered ring pore zeolitic material, disposing said slurry
on the surface of the internal walls of the substrate, over x % of the substrate axial length
from the inlet end towards the outlet end of the substrate provided in (1°), wherein x rang-
es from 20 to 80, preferably 30 to 60;
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(3" calcining the slurry disposed on the substrate obtained according to (2°), obtaining a cata-
lyst comprising an inlet coat;

(4 providing a second slurry comprising water, a platinum group metal precursor, preferably
palladium salt, a non-zeolitic oxidic material and a 8- membered ring pore zeolitic material
comprising one or more of copper and iron, disposing said slurry on the surface of the in-
ternal walls of the substrate, over y % of the substrate axial length from the out end to-
wards the inlet end of the substrate provided in (1°), wherein x ranges from 20 to 80, pref-
erably 30 to 60,

(5 calcining the slurry disposed on the substrate obtained according to (4°), obtaining a cata-
lyst comprising an inlet coat and an outlet coat.

Further, the present invention relates to a use of a catalyst for the selective catalytic reduction of
NOx and for the cracking and conversion of HC according to the present invention for the sim-
ultaneous selective catalytic reduction of NOx and the cracking and conversion of HC.

Further, the present invention relates to a method for the simultaneous selective catalytic reduc-

tion of NOx and the cracking and conversion of HC, comprising

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

(i)  contacting the gas stream provided in (i) with a catalyst according to the present invention.

Further, the present invention relates to a use of a catalyst for the cracking and conversion of
HC, for the selective catalytic reduction of NOx and for the oxidation of ammonia according to
the present invention for the simultaneous selective catalytic reduction of NOx, the ammonia
oxidation and the cracking and conversion of HC.

The present invention further relates to a method for the simultaneous selective catalytic reduc-

tion of NOx, the ammonia oxidation and the cracking and conversion of a hydrocarbon, compris-

ing

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

(i) contacting the gas stream provided in (i") with a catalyst according to the present inven-
tion.

The present invention further relates to an exhaust gas treatment system comprising

a catalyst for the cracking and conversion of HC, for the selective catalytic reduction of NOx and
for the oxidation of ammonia according to the present invention and

one or more of a diesel oxidation catalyst, a catalyzed soot filter, a selective catalytic reduction
(SCR) catalyst, and an SCR/AMOx catalyst.

Preferably the system comprises the catalyst according to the present invention being a catalyst
for the cracking and conversion of HC, for the selective catalytic reduction of NOx and for the
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oxidation of ammonia, a diesel oxidation catalyst, a catalyzed soot filter, a selective catalytic
reduction (SCR) catalyst, and an SCR/AMOx catalyst,

wherein the catalyst according to the present invention is located upstream of the diesel oxida-
tion catalyst and of the catalyzed soot filter, wherein the diesel oxidation catalyst is located up-
stream of the SCR catalyst and wherein the SCR catalyst is located upstream of the SCR/AMOx
catalyst.

As to the SCR catalyst used in the system, there is no particular restrictions as long as said cat-
alyst is effective to selectively catalytically reducing NOx. Any suitable SCR catalyst can be
used. For example, a vanadium containing SCR catalyst can be used.

Preferably the diesel oxidation catalyst and the catalyzed soot filter are combined, to obtain a
diesel oxidation catalyst on filter. The diesel oxidation catalyst more preferably comprises a
diesel oxidation catalyst coating coated on a soot filter.

Preferably the system further comprises a reductant injector, more preferably a urea injector,
upstream of the SCR catalyst and downstream of the diesel oxidation catalyst.

Alternatively, it is preferred that the system comprises the catalyst according to the presentin-
vention, and a diesel oxidation catalyst, wherein the diesel oxidation catalyst is located up-
stream of the catalyst according to the present invention.

Preferably the system further comprises a HC injector upstream of the diesel oxidation catalyst
and a reductant injector, more preferably an urea injector, downstream of the diesel oxidation
catalyst and upstream of the catalyst according to the present invention.

Preferably the diesel oxidation catalyst comprises a platinum group metal supported on an oxi-
dic material, more preferably a non-zeolitc oxidic material, wherein the diesel oxidation catalyst
more preferably is a layered DOC or a mixed DOC.

The present invention further relates to a method for the simultaneous selective catalytic reduc-

tion of NOx and the conversion of a hydrocarbon, generating temperature though an exotherm,

for desulfation, comprising

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

(B) contacting the gas stream provided in (A) with an exhaust gas treatment system according
to the present invention.

The present invention is illustrated by the following first set of embodiments and combinations of
embodiments resulting from the dependencies and back-references as indicated. This set of
embodiments may be combined with the second set of embodiments below as indicated in the
following. In particular, it is noted that in each instance where a range of embodiments is men-
tioned, for example in the context of a term such as “The catalyst of any one of embodiments 1
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to 4”7, 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 selective catalytic reduction of NOx and for the cracking and conversion
of a hydrocarbon, comprising

(i) asubstrate 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;

(i)  acoating disposed on the surface of the internal walls of the substrate, said coating
comprising a platinum group metal, an 8-membered ring pore zeolitic material com-
prising one or more of copper and iron, and further comprising a 10- or more mem-
bered ring pore zeolitic material.

2.  The catalyst of embodiment 1, wherein the platinum group metal comprised in the coating
(ii) is selected from the group consisting of palladium, platinum, rhodium, iridium and os-
mium, preferably selected from the group consisting of palladium, platinum and rhodium,
more preferably selected from the group consisting of palladium and platinum, wherein the
platinum group metal comprised in the coating (ii) more preferably is palladium.

3.  The catalyst of embodiment 1 or 2, wherein the coating comprises the platinum group
metal at a loading, calculated as elemental platinum group metal, in the range of from 2 to
100 g/ft®, preferably in the range of from 5 to 80 g/ft®, more preferably in the range of from
7 to 60 g/ft?, more preferably in the range of from 8 to 40 g/ft®, more preferably in the
range of from 10 to 30 g/ft.

4.  The catalyst of any one of embodiments 1 to 3, wherein the coating (ii) further comprises
a non-zeolitic oxidic material comprising one or more of alumina, zirconia, silica, titania
and ceria, preferably one or more of alumina, zirconia and silica, more preferably one or
more of alumina and zirconia, more preferably alumina or zirconia.

5.  The catalyst of embodiment 4, wherein from 30 to 100 weight-%, preferably from 50 to 99
weight-%, more preferably from 70 to 95 weight-%, more preferably from 80 to 92 weight-
%, of the non-zeolitic oxidic material consist of zirconia,
wherein preferably from 5 to 15 weight-%, more preferably from 6 to 12 weight-%, of the
non-zeolitic oxidic material consist of lanthanum, calculated as La;Os.

6. The catalyst of any one of embodiments 1 to 5, wherein the 8-membered ring pore zeolitic
material comprised in the coating (ii) has a framework type selected from the group con-
sisting of CHA, AEI, RTH, LEV, DDR, KFI, ERI, AFX, a mixture of two or more thereof and
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a mixed type of two or more thereof, preferably selected from the group consisting of
CHA, AEI, RTH, AFX, a mixture of two or more thereof and a mixed type of two or more
thereof, more preferably selected from the group consisting of CHA and AEI, wherein the
8-membered ring pore zeolitic material comprised in the coating (ii) more preferably has a
framework type CHA.

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-%, more preferably
from 99.5 to 100 weight-%, of the framework structure of the 8-membered ring pore zeolit-
ic material consist of Si, Al, and O, wherein in the framework structure of said zeolitic ma-
terial, the molar ratio of Si to Al, calculated as molar SiO,:Al,O3, is more preferably in the
range of from 2:1 to 60:1, more preferably in the range of from 2:1 to 50:1, more prefera-
bly in the range of from 5:1 to 40:1, more preferably in the range of from 10:1 to 35:1,
more preferably in the range of from 15:1 to 33:1, more preferably in the range of from
15:1 to 20:1 or more preferably in the range of from 25:1 to 33:1;

wherein more preferably at most 1 weight-%, more preferably from 0 to 0.5 weight-%,
more preferably from O to 0.1 weight-%, of the framework structure of the zeolitic material
consist of P.

The catalyst of any one of embodiments 1 to 7, wherein the 8-membered ring pore zeolitic
material comprised in the coating (ii), preferably having a framework type CHA, has a
mean crystallite size of at least 0.1 micrometer, preferably in the range of from 0.1 to 3.0
micrometers, more preferably in the range of from 0.3 to 1.5 micrometer, more preferably
in the range of from 0.4 to 1.0 micrometer determined via scanning electron microscopy.

The catalyst of any one of embodiments 1 to 8, wherein the coating (ii) comprises the zeo-
litic material at a loading in the range of from 0.1 to 3.0 g/in®, preferably in the range of
from 0.5 to 2.5 g/in®, more preferably in the range of from 0.7 to 2.2 g/in®, more preferably
in the range of from 0.8 to 2.0 g/in®.

The catalyst of any one of embodiments 1 to 9, wherein the 8-membered ring pore zeolitic
material comprised in the coating (ii) comprises copper, wherein said coating comprises
copper in an amount, calculated as CuQO, being preferably in the range of from 1 to 15
weight-%, more preferably in the range of from 1.25 to 10 weight-%, more preferably in
the range of from 1.5 to 7 weight-%, more preferably in the range of from 2 to 6 weight-%,
more preferably in the range of from 2.5 to 5.5 weight-%, based on the weight of the 8-
membered ring pore zeolitic material comprised in the coating (ii).

The catalyst of any one of embodiments 1 to 10, wherein the 10- or more membered ring
pore zeolitic material comprised in the coating (ii) is a zeolitic material having a framework
type selected from the group consisting of FER, MFI, BEA, MWW, AFI, MOR, OFF, MFS,
MTT, FAU, LTL, MEI, MOR, a mixture of two or more thereof and a mixed type of two or
more thereof, preferably selected from the group consisting of FAU, FER, MFI, BEA,
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MWW, 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 FAU, FER, MFI, and BEA, wherein
the 10- or more, preferably the 10- or 12-, membered ring pore zeolitic material more
preferably is a zeolitic material having a framework type FAU or FER or MFI or BEA.

The catalyst of any one of embodiments 1 to 11, wherein from 95 to 100 weight-%, pref-
erably from 98 to 100 weight-%, more preferably from 99 to 100 weight-%, more prefera-
bly from 99.5 to 100 weight-%, of the framework structure of the 10- or more membered
ring pore zeolitic material comprised in the coating (i) consist of Si, Al, and O, wherein, in
the framework structure of said zeolitic material, the molar ratio of Si to Al, calculated as
molar SiO2:Al;03, is more preferably in the range of from 2:1 to 60:1, more preferably in
the range of from 3:1 to 40:1, more preferably in the range of from 3:1 to 35:1;

wherein more preferably at most 1 weight-%, more preferably from 0 to 0.5 weight-%,
more preferably from 0 to 0.1 weight-%, of the framework structure of the zeolitic material
consist of P.

The catalyst of embodiment 12, when the 10- or more membered ring pore zeolitic mate-
rial comprised in the coating (ii) is a zeolitic material having a framework type BEA, where-
in, in the framework structure of said zeolitic material, the molar ratio of Si to Al, calculated
as molar SiO2:AlLO3, is in the range of from 4:1 to 20:1, preferably in the range of from 6:1
to 15:1, more preferably in the range of from 8:1 to 12:1.

The catalyst of embodiment 12, when the 10- or more membered ring pore zeolitic mate-
rial comprised in the coating (ii) is a zeolitic material having a framework type FER, where-
in, in the framework structure of said zeolitic material, the molar ratio of Si to Al, calculated
as molar SiO,:AlO3, is in the range of from 10:1 to 30:1, preferably in the range of from
15:1 to 25:1, more preferably in the range of from 18:1 to 22:1.

The catalyst of embodiment 12, when the 10- or more membered ring pore zeolitic mate-
rial comprised in the coating (ii) is a zeolitic material having a framework type FAU, where-
in, in the framework structure of said zeolitic material, the molar ratio of Si to Al, calculated
as molar SiO2:AlLO3, is in the range of from 3:1 to 15:1, preferably in the range of from 4:1
to 10:1, more preferably in the range of from 4:1 to 8:1; or

when the 10- or more membered ring pore zeolitic material comprised in the coating (ii) is
a zeolitic material having a framework type MFI, wherein, in the framework structure of
said zeolitic material, the molar ratio of Si to Al, calculated as molar SiO3:Al;Os, is in the
range of from 10:1 to 35:1, preferably in the range of from 20:1 to 32:1, more preferably in
the range of from 25:1 to 30:1.

The catalyst of any one of embodiments 1 to 14, wherein the 10- or more membered ring
pore zeolitic material comprised in the coating (ii) comprises one or more of iron, copper
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and a rare earth element component, preferably one or more of iron and a rare earth ele-
ment component,

wherein the coating (ii) comprises the one or more of iron, copper and a rare earth ele-
ment component in an amount, calculated as the respective oxide, being preferably in the
range of from 1 to 20 weight-%, more preferably in the range of from 5 to 20 weight-%,
more preferably in the range of from 10 to 20 weight-%, based on the weight of the 10- or
more membered ring pore zeolitic material comprised in the coating (ii).

The catalyst of embodiment 16, wherein said zeolitic material comprises iron or

wherein said zeolitic material comprises a rare earth element component, wherein the rare
earth element component preferably comprises one or more of La, Ce, Pr, Nd, Pm, Sm,
Eu, Gd, Tb, Er, Y and Yb, more preferably comprises one or more of La, Ce, Pr, Nd, Sm,
Eu, Y, Yb and Gd, more preferably comprises one or more of La and Ce, wherein from 60
to 100 weight-% of the rare earth element component consist of La and/or Ce.

The catalyst of any one of embodiments 1 to 18, wherein the coating (ii) extends over 95
to 100 %, preferably from 98 to 100 %, more preferably from 99 to 100 %, of the substrate
axial length.

The catalyst of any one of embodiments 1 to 18, wherein the coating according to (ii)

comprises, preferably consists of,

(ii.1) aninlet coat comprising the platinum group metal and the 10- or more membered
ring pore zeolitic material; and

(ii.2) an outlet coat comprising the platinum group metal, a non-zeolitic oxidic material,
preferably as defined in embodiment 4 or 5, and the 8-membered ring pore zeolitic
material comprising one or more of copper and iron;

wherein the inlet coat (ii.1) extends over x % of the substrate axial length from the inlet

end towards the outlet end of the substrate according to (i), wherein x ranges from 20 to

80, preferably from 30 to 60, and

wherein the outlet coat (ii.2) extends over y % of the substrate axial length from the outlet

end towards the inlet end of the substrate according to (i), wherein y ranges from 20 to 80,

preferably from 30 to 60.

The catalyst of embodiment 19, wherein the inlet coat (ii.1) is disposed on the surface of
the internal walls of the substrate (i), and

wherein the outlet coat (ii.2) is disposed on the surface of the internal walls of the sub-
strate (i), wherein y is 100 - x.

The catalyst of embodiment 19 or 20, as far as embodiment 19 depends on embodiment
16 or 17, wherein the platinum group metal is supported on the 10- or more membered
ring pore zeolitic material comprising one or more of iron, copper and a rare earth element
component.
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The catalyst of any one of embodiments 19 to 21, wherein the platinum group metal in the
inlet coat (ii.1) is palladium and the 10- or more membered ring pore zeolitic material in
the inlet coat (ii.1) is a zeolitic material having a framework type BEA, wherein said zeolitic
material preferably comprises one or more of iron, copper and a rare earth element com-
ponent, more preferably one or more of iron and a rare earth element component, more
preferably iron.

The catalyst of any one of embodiments 19 to 21, wherein the platinum group metal in the
inlet coat (ii.1) is palladium and the 10- or more membered ring pore zeolitic material in
the inlet coat (ii.1) is a zeolitic material having a framework type FAU, wherein said zeolitic
material preferably comprises one or more of iron, copper and a rare earth element com-
ponent, more preferably one or more of iron and a rare earth element component, more
preferably a rare earth element component as defined in embodiment 17.

The catalyst of any one of embodiments 19 to 21, wherein the platinum group metal of the
inlet coat (ii.1) is palladium and the 10- or more membered ring pore zeolitic material in
the inlet coat (ii.1) is a zeolitic material having a framework type MFI, wherein said zeolitic
material preferably comprises one or more of iron, copper and a rare earth element com-
ponent, more preferably one or more of iron and a rare earth element component, more
preferably iron.

The catalyst of any one of embodiments 19 to 24, wherein from 99 to 100 weight-%, pref-
erably from 99.5 to 100 weight-%, more preferably from 99.9 to 100 weight-%, of the inlet
coat (ii.1) consists of the platinum group metal, the 10- or more membered ring pore zeo-
litic material and preferably one or more of iron, copper and a rare earth element compo-
nent.

The catalyst of embodiment 19 or 20, wherein the inlet coat (ii.1) further comprises a non-
zeolitic oxidic material, preferably as defined in embodiment 4 or 5, wherein the platinum
group metal comprised in the inlet coat (ii.1) is supported on said non-zeolitic oxidic mate-
rial, wherein the inlet coat (ii.1) preferably comprises the non-zeolitic oxidic material in an
amount in the range of from 5 to 50 weight-%, more preferably in the range of from 10 to
50 weight-%, based on the weight of the inlet coat (ii.1).

The catalyst of embodiment 26, wherein the platinum group metal in the inlet coat (ii.1) is
palladium, the non-zeolitic oxidic material comprises zirconia or alumina, and the 10- or
more membered ring pore zeolitic material in the inlet coat (ii.1) is a zeolitic material hav-
ing a framework type BEA, wherein said zeolitic material preferably comprises one or
more of iron, copper and a rare earth element component, more preferably one or more of
iron and a rare earth element component, more preferably iron.

The catalyst of embodiment 26 or 27, wherein from 99 to 100 weight-%, preferably from
99.5 to 100 weight-%, more preferably from 99.9 to 100 weight-%, of the inlet coat (ii.1)
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consists of the platinum group metal, the non-zeolitic oxidic material, the 10- or more
membered ring pore zeolitic material and preferably one or more of iron, copper and a ra-
re earth element component.

The catalyst of any one of embodiments 19 to 28, wherein the inlet coat (ii.1) comprises
the platinum group metal at a loading, calculated as elemental platinum group metal, in
the range of from 5 to 40 g/ft?, preferably in the range of from 10 to 35 g/ft®, more prefera-
bly in the range of from 15 to 30 g/fts.

The catalyst of any one of embodiments 19 to 29, wherein the inlet coat (ii.1) comprises
the zeolitic material at a loading in the range of from 1 to 2 g/in®, preferably in the range of
from 1.1 t0 1.5 g/in®.

The catalyst of any one of embodiments 19 to 30, wherein at most 0.1 weight-%, prefera-
bly at most 0.01 weight-%, more preferably at most 0.001 weight-%, of the inlet coat (ii.1)
consists of an 8-membered ring pore zeolitic material.

The catalyst of any one of embodiments 19 to 31, wherein the platinum group metal of the
outlet coat (ii.2) is supported on the non-zeolitic oxidic material of the outlet coat (ii.2).

The catalyst of any one of embodiments 19 to 32, wherein the outlet coat (ii.2) comprises
the non-zeolitic oxidic material at a loading in the range of from 0.05 to 1 g/in®, preferably
in the range of from 0.1 to 0.5 g/in®.

The catalyst of any one of embodiments 19 to 33, wherein the weight ratio of the 8-
membered ring pore zeolitic material of the outlet coat (ii.2) relative to the non-zeolitic oxi-
dic material of the outlet coat (ii.2) is in the range of from 3:1 to 20:1, preferably in the
range of from 5:1 to 15:1, more preferably in the range of from 8:1 to 12:1.

The catalyst of any one of embodiments 19 to 34, wherein in the framework structure of
the 8-membered ring pore zeolitic material of the outlet coat (ii.2), the molar ratio of Si to
Al, calculated as molar SiO2:Al,Os, is in the range of from 15:1 to 33:1, preferably in the

range of from 15:1 to 20:1, or preferably in the range of from 25:1 to 33:1.

The catalyst of any one of embodiments 19 to 35, wherein the 8-membered ring pore zeo-
litic material comprised in the outlet coat (ii.2) comprises copper, wherein said outlet coat
(ii.2) comprises copper in an amount, calculated as CuO, being preferably in the range of
from 2.5 to 5.5 weight-%, more preferably in the range of from 2.75 to 5.5 weight-%, more
preferably in the range of from 3 to 3.75 weight-%, or more preferably in the range of from
4.5 to 5.25 weight-%, based on the weight of the 8-membered ring pore zeolitic material
comprised in the outlet coat (ii.2).
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The catalyst of any one of embodiments 19 to 36, wherein the platinum group metal in the
outlet coat (ii.2) is palladium and the non-zeolitic oxidic material of the outlet coat (ii.2)
comprises zirconia.

The catalyst of any one of embodiments 19 to 37, wherein the outlet coat (ii.2) comprises
the platinum group metal at a loading, calculated as the elemental platinum group metal,
in the range of from 5 to 25 g/ft®, preferably in the range of from 10 to 20 g/fts.

The catalyst of any one of embodiments 19 to 38, wherein the outlet coat (ii.2) comprises
the 8-membered ring pore zeolitic material at a loading in the range of from 1 to 4 g/in,
preferably in the range of from 1.5 to 2.5 g/in®.

The catalyst of any one of embodiments 19 to 39, wherein the outlet coat (ii.2) further
comprises a metal oxide binder, wherein the metal oxide 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 outlet coat (ii.2) preferably comprises said metal oxide binder in an amount in
the range of from 1 to 8 weight-%, more preferably in the range of from 3 to 7 weight-%,
based on the weight of the 8-membererd ring pore zeolitic material comprising one or
more of copper and iron.

The catalyst of any one of embodiments 19 to 40, wherein from 99 to 100 weight-%, pref-
erably from 99.5 to 100 weight-%, more preferably from 99.9 to 100 weight-%, of the out-
let coat (ii.2) consists of the platinum group metal, the non-zeolitic oxidic material, the 8-
membered ring pore zeolitic material comprising one or more of copper and iron, and
preferably a metal oxide binder as defined in embodiment 40.

The catalyst of any one of embodiments 19 to 41, wherein at most 0.1 weight-%, prefera-
bly at most 0.01 weight-%, more preferably at most 0.001 weight-%, of the outlet coat (ii.2)
consists of a 10- or more membered ring pore zeolitic material.

The catalyst of any one of embodiments 1 to 18, wherein the coating (ii) is a single coat.

The catalyst of embodiment 43, wherein the non-zeolitic oxidic material of the coating (ii)
comprises zirconia or alumina, wherein the coating (ii) preferably comprises said non-
zeolitic oxidic material at a loading in the range of from 0.05 to 1 g/in®, more preferably in
the range of from 0.1 to 0.5 g/in®.

The catalyst of embodiment 43 or 44, wherein in the framework structure of the 8-
membered ring pore zeolitic material of the coating (ii), the molar ratio of Si to Al, calculat-
ed as molar SiO,:Al,O3, is more preferably in the range of from 15:1 to 20:1.
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The catalyst of any one of embodiments 43 to 45, wherein the 8-membered ring pore zeo-
litic material comprised in the coating (ii) comprises copper, wherein said coating com-
prises copper in an amount, calculated as CuO, being preferably in the range of from 2.5
to 5.5 weight-%, more preferably in the range of from 4.5 to 5.25 weight-%, based on the
weight of the 8-membered ring pore zeolitic material comprised in the coating (ii).

The catalyst of any one of embodiments 43 to 46, wherein the weight ratio of the 8-
membered ring pore zeolitic material of the coating (ii) relative to the non-zeolitic oxidic
material of the coating (ii) is in the range of from 2:1 to 15:1, preferably in the range of
from 3:1 to 12:1, more preferably in the range of from 5:1 to 9:1.

The catalyst of any one of embodiments 43 to 47, wherein the weight ratio of the 8-
membered ring pore zeolitic material of the coating (ii) relative to the 10- or more mem-
bered ring pore zeolitic material of the coating (ii) is in the range of from 2:1 to 15:1, pref-
erably in the range of from 3:1 to 12:1, more preferably in the range of from 5:1 to 9:1.

The catalyst of any one of embodiments 43 to 48, wherein the 8-membered ring pore zeo-
litic material of the coating (ii) has a framework type CHA and the 10- or more membered
ring pore zeolitic material of the coating (ii) has a framework type BEA and comprises iron.

The catalyst of any one of embodiments 43 to 48, wherein the 8-membered ring pore zeo-
litic material of the coating (ii) has a framework type CHA and the 10- or more membered
ring pore zeolitic material of the coating (ii) has a framework type FAU and comprises a
rare earth element component as defined in embodiment 17.

The catalyst of any one of embodiments 43 to 48, wherein the 8-membered ring pore zeo-
litic material of the coating (ii) has a framework type CHA and the 10- or more membered
ring pore zeolitic material of the coating (ii) has a framework type MFI and comprises iron.

The catalyst of any one of embodiments 43 to 48, wherein the 8-membered ring pore zeo-
litic material of the coating (ii) has a framework type CHA and the 10- or more membered
ring pore zeolitic material of the coating (ii) has a framework type FER.

The catalyst of any one of embodiments 1 to 18 and 43 to 52, wherein the coating (ii) fur-
ther comprises a metal oxide binder, wherein the metal oxide 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 coating (ii) preferably comprises said metal oxide binder at an amount in the
range of from 1 to 8 weight-%, more preferably in the range of from 3 to 7 weight-%,
based on the weight of the 8-membererd ring pore zeolitic material comprising one or
more of copper and iron.
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The catalyst of any one of embodiments 1 to 53, wherein from 99 to 100 weight-%, pref-
erably from 99.5 to 100 weight-%, more preferably from 99.9 to 100 weight-%, of the coat-
ing (ii) consists of the 10- or more membered ring pore zeolitic material, optionally com-
prising one or more of iron, copper and a rare earth element component, the platinum
group metal, the 8- membered ring pore zeolitic material comprising one or more of cop-
per and iron, preferably a non-zeolitic oxidic material as defined in embodiment 4 or 5,
and more preferably a metal oxide binder as defined in embodiment 40.

The catalyst of any one of embodiments 1 to 54, wherein the substrate (i) is a flow-
through substrate or a wall-flow filter substrate, preferably a flow-through substrate.

The catalyst of embodiment 55, wherein the flow-through substrate (i) comprises, prefera-
bly consists of, a ceramic substance, wherein the ceramic substance preferably compris-
es, more preferably consists of, one or more of an alumina, a silica, a silicate, an alumino-
silicate, preferably a cordierite or a mullite, an aluminotitanate, a silicon carbide, a zirco-
nia, a magnesia, preferably a spinel, and a titania, more preferably one or more of a sili-
con carbide and a cordierite, more preferably a cordierite.

The catalyst of embodiment 55, wherein the flow-through substrate (i) comprises, prefera-
bly consists of, a metallic substance, wherein the metallic substance preferably compris-
es, more preferably consists of, oxygen and one or more of iron, chromium and aluminum.

The catalyst of embodiment 57, wherein the substrate is electrically heated.

The catalyst of any one of embodiments 1 to 58, consisting of the substrate (i) and the
coating (ii).

An exhaust gas treatment system for treating an exhaust gas stream exiting a diesel en-
gine, said exhaust gas treatment system having an upstream end for introducing said ex-
haust gas stream into said exhaust gas treatment system, wherein said exhaust gas
treatment system comprises

(a) afirst catalyst having an inlet end and an outlet end, wherein said catalyst is a cata-
lyst according to any one of embodiments 1 to 58;

(b) asecond catalyst having an inlet end and an outlet end and comprising a coating
disposed on a substrate, wherein the coating comprises a platinum group metal
supported on a non-zeolitic oxidic material and further comprises one or more of a
vanadium oxide, a tungsten oxide and a zeolitic material comprising one or more of
copper and iron;

wherein the first catalyst according to (a) is the first catalyst of the exhaust gas treatment

system downstream of the upstream end of the exhaust gas treatment system and where-

in the inlet end of the first catalyst is arranged upstream of the outlet end of the first cata-
lyst;
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wherein in the exhaust gas treatment system, the second catalyst according to (b) is lo-
cated downstream of the first catalyst according to (a) and wherein the inlet end of the
second catalyst is arranged upstream of the outlet end of the second catalyst.

The exhaust gas treatment system of embodiment 60, wherein the outlet end of the first
catalyst according to (a) is in fluid communication with the inlet end of the second catalyst
according to (b) and wherein between the outlet end of the first catalyst according to (a)
and the inlet end of the second catalyst according to (b), no catalyst for treating the ex-
haust gas stream exiting the first catalyst is located in the exhaust gas treatment system.

The exhaust gas treatment system of embodiment 60 or 61 , wherein the platinum group
metal of the coating of the second catalyst (b) is selected from the group consisting of
platinum, palladium, rhodium, iridium and osmium, preferably selected from the group
consisting of platinum, palladium and rhodium, more preferably selected from the group
consisting of platinum and palladium, wherein the platinum group metal of the second cat-
alyst (b) more preferably is platinum.

The exhaust gas treatment system of any one of embodiments 60 to 62, wherein the coat-
ing of the second catalyst (b) comprises the platinum group metal, preferably Pt, at a load-
ing, calculated elemental platinum group metal, preferably as elemental Pt, in the range of
from 0.1 to 10 g/ft3, preferably in the range of from 0.2 to 5 g/ft3, more preferably in the
range of from 0.5 to 4 g/ft®, more preferably in the range of from 1 to 3 g/ft.

The exhaust gas treatment system of any one of embodiments 60 to 63, wherein the non-
zeolitic oxidic material of the coating of the second catalyst (b) comprises one or more of
titania, zirconia, silica, alumina and ceria, preferably one or more of titania, zirconia and
alumina, more preferably one or more of titania and zirconia, more preferably titania,
wherein the coating of the second catalyst (b) comprises said non-zeolitic oxidic material
at a loading in the range of from 0.05 to 1 g/in®, preferably in the range of from 0.1 to 0.5
g/ind.

The exhaust gas treatment system of embodiment 64, wherein from 30 to 100 weight-%,
preferably from 50 to 99 weight-%, more preferably from 70 to 95 weight-%, more prefer-
ably from 80 to 92 weight-%, of the non-zeolitic oxidic material consist of titania,

wherein preferably from 5 to 15 weight-%, more preferably from 6 to 12 weight-%, of the
non-zeolitic oxidic material consist of silicon, calculated as SiO».

The exhaust gas treatment system of any one of embodiments 60 to 65, wherein the coat-
ing of the second catalyst (b) comprises a zeolitic material having a framework type se-
lected from the group consisting of CHA, AEI, RTH, LEV, DDR, KFI, ERI, AFX, a mixture
of two or more thereof and a mixed type of two or more thereof, more preferably selected
from the group consisting of CHA, AEI, RTH, AFX, a mixture of two or more thereof and a
mixed type of two or more thereof, more preferably selected from the group consisting of
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CHA and AEI, wherein the zeolitic material of the coating of the second catalyst (b) more
preferably has a framework type CHA.

The exhaust gas treatment system of any one of embodiments 60 to 66, wherein from 95
to 100 weight-%, preferably from 98 to 100 weight-%, more preferably from 99 to 100
weight-%, more preferably from 99.5 to 100 weight-%, of the framework structure of the
zeolitic material of the coating of the second catalyst (b) consist of Si, Al, and O, wherein
in the framework structure of said zeolitic material, the molar ratio of Si to Al, calculated as
molar SiO2:Al;O3, is more preferably in the range of from 2:1 to 60:1, more preferably in
the range of from 2:1 to 50:1, more preferably in the range of from 5:1 to 40:1, more pref-
erably in the range of from 10:1 to 35:1, more preferably in the range of from 15:1 to 33:1,
more preferably in the range of from 15:1 to 20:1;

wherein more preferably at most 1 weight-%, more preferably from 0 to 0.5 weight-%,
more preferably from O to 0.1 weight-%, of the framework structure of said zeolitic material
consist of P.

The exhaust gas treatment system of any one of embodiments 60 to 67, wherein the zeo-
litic material of the coating of the second catalyst (b), preferably having a framework type
CHA, has a mean crystallite size of at least 0.1 micrometer, preferably in the range of from
0.1 to 3.0 micrometers, more preferably in the range of from 0.3 to 1.5 micrometer, more
preferably in the range of from 0.4 to 1.0 micrometer determined via scanning electron mi-
croscopy.

The exhaust gas treatment system of any one of embodiments 60 to 68, wherein the coat-
ing of the second catalyst (b) comprises the zeolitic material at a loading in the range of
from 1 to 6 g/in®, preferably in the range of from 1.5 to 4 g/in®, more preferably in the range
of from 2 to 3 g/in®.

The exhaust gas treatment system of any one of embodiments 60 to 69, wherein the zeo-
litic material comprised in the coating of the second catalyst (b) comprises copper, where-
in said coating comprises copper in an amount, calculated as CuO, being preferably in the
range of from 1 to 15 weight-%, more preferably in the range of from 1.25 to 10 weight-%,
more preferably in the range of from 1.5 to 7 weight-%, more preferably in the range of
from 2 to 6 weight-%, more preferably in the range of from 2.5 to 5.5 weight-%, more pref-
erably in the range of from 4.5 to 5.25 weight-%, based on the weight of the 8-membered
ring pore zeolitic material comprised in the coating of the second catalyst (b).

The exhaust gas treatment system of any one of embodiments 60 to 70, wherein the coat-
ing of the second catalyst (b) further comprises a metal oxide binder, wherein the metal
oxide 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,
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wherein the coating of the second catalyst (b) preferably comprises said metal oxide bind-
er at an amount in the range of from 1 to 8 weight-%, more preferably in the range of from
3 to 7 weight-%, based on the weight of the zeolitic material comprising one or more of
copper and iron.

The exhaust gas treatment system of any one of embodiments 60 to 71, wherein the sub-
strate of the second coating comprises 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 substrate extending therethrough, wherein the substrate preferably is a
flow-through substrate.

The exhaust gas treatment system of embodiment 72, wherein the coating of the second
catalyst (b) comprises

- a bottom coat disposed on the surface of the internal walls of the substrate, said bottom
coat comprising the platinum group metal, the non-zeolitic oxidic material and the zeoltic
material comprising one or more of copper and iron, and preferably a metal oxide binder
as defined in embodiment 62; and

- a top coat disposed on the bottom coat, said top coat comprising the zeoltic material
comprising one or more of copper and iron and preferably a metal oxide binder as defined
in embodiment 71.

The exhaust gas treatment system of embodiment 73, wherein the bottom coat extends
from the inlet end to the outlet end of the substrate axial length over x % of the substrate
axial length, wherein x ranges from 90 to 100, preferably from 95 to 100, more preferably
from 99 to 100, and the top coat extends from the inlet end to the outlet end of the sub-
strate axial length over y % of the substrate axial length, wherein y ranges from 90 to x,
preferably y = x.

The exhaust gas treatment system of any one of embodiments 60 to 72, wherein the coat-
ing of the second catalyst (b) is a single coat.

The exhaust gas treatment system of any one of embodiments 60 to 75, wherein the sub-
strate of the second catalyst (b) comprises, preferably consists of, a ceramic substance,
wherein the ceramic substance preferably comprises, more preferably consists of, one or
more of an alumina, a silica, a silicate, an aluminosilicate, preferably a cordierite or a mul-
lite, 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 cordierite, more prefera-
bly a cordierite.

The exhaust gas treatment system of any one of embodiments 60 to 75, wherein the sub-
strate of the second catalyst (b) comprises, preferably consists of, a metallic substance,
wherein the metallic substance preferably comprises, more preferably consists of, oxygen
and one or more of iron, chromium and aluminum.
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The exhaust gas treatment system of embodiment 77, wherein the substrate is electrically
heated.

The exhaust gas treatment system of any one of embodiments 60 to 78, wherein the sub-
strate of the first catalyst (a), on which substrate the coating of the first catalyst is dis-
posed, and the substrate of the second catalyst (b), on which substrate the coating of the
second catalyst is disposed, together form a single substrate, wherein said single sub-
strate comprises an inlet end and an outlet end, wherein the inlet end is arranged up-
stream of the outlet end, and wherein the coating of the first catalyst is disposed on said
single substrate from the inlet end towards the outlet end of said single substrate and the
coating of the second catalyst is disposed on said single substrate from the outlet end to-
wards the inlet end of said single substrate, wherein the coating of the first catalyst covers
from 25 to 75 % of the substrate length and the coating of the second catalyst covers from
25 to 75 % of the substrate length.

The exhaust gas treatment system of embodiment 79, wherein the coating of the first
catalyst covers from 30 to 70 %, preferably from 35 to 65 %, more preferably from 45 to
55 %, of the substrate length and the coating of the second catalyst covers from 30 to 70
%, preferably from 35 to 65 %, more preferably on from 45 to 55 % of the substrate
length.

The exhaust gas treatment system of embodiment 79 or 80, wherein the coating of the
first catalyst and the coating of the second catalyst do not overlap.

A catalyst for the selective catalytic reduction of NOXx, for the cracking and conversion of a
hydrocarbon, and for the oxidation of ammonia, comprising

- a 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;

- a first coating disposed on the surface of the internal walls of the substrate, said coating
comprising a platinum group metal supported on a non-zeolitic oxidic material and further
comprises one or more of a vanadium oxide, a tungsten oxide and a zeolitic material
comprising one or more of copper and iron;

- a second coating disposed on the first coating, said coating comprising a platinum group
metal, an 8-membered ring pore zeolitic material comprising one or more of copper and
iron, and further comprising a 10- or more membered ring pore zeolitic material.

The catalyst of embodiment 82, wherein the first coating comprises the platinum group
metal, preferably Pt, at a loading, calculated elemental platinum group metal, preferably
as elemental Pt, in the range of from 0.1 to 20 g/ft®, preferably in the range of from 1 to 15
g/ft2, more preferably in the range of from 3 to 10 g/ft®, more preferably in the range of
from 4 to 9 g/fts.
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The catalyst of embodiment 82 or 83, wherein the first coating comprises a zeolitic mate-
rial having a framework type selected from the group consisting of CHA, AEI, RTH, LEV,
DDR, KFl, ERI, AFX, a mixture of two or more thereof and a mixed type of two or more
thereof, more preferably selected from the group consisting of CHA, AEI, RTH, AFX, a
mixture of two or more thereof and a mixed type of two or more thereof, more preferably
selected from the group consisting of CHA and AEI, wherein the zeolitic material of the
first coating more preferably has a framework type CHA.

The catalyst of any one of embodiments 82 to 84, wherein from 95 to 100 weight-%, pref-
erably from 98 to 100 weight-%, more preferably from 99 to 100 weight-%, more prefera-
bly from 99.5 to 100 weight-%, of the framework structure of the zeolitic material of the
first coating consist of Si, Al, and O, wherein, in the framework structure of said zeolitic
material, the molar ratio of Si to Al, calculated as molar SiO2:Al,O3, is more preferably in
the range of from 2:1 to 60:1, more preferably in the range of from 2:1 to 50:1, more pref-
erably in the range of from 5:1 to 40:1, more preferably in the range of from 10:1 to 35:1,
more preferably in the range of from 15:1 to 33:1, more preferably in the range of from
15:1 to 20:1;

wherein more preferably at most 1 weight-%, more preferably from 0 to 0.5 weight-%,
more preferably from O to 0.1 weight-%, of the framework structure of said zeolitic material
consist of P.

The catalyst of any one of embodiments 82 to 85, wherein the zeolitic material of the first
coating, preferably having a framework type CHA, has a mean crystallite size of at least
0.1 micrometer, preferably in the range of from 0.1 to 3.0 micrometers, more preferably in
the range of from 0.3 to 1.5 micrometer, more preferably in the range of from 0.4 to 1.0
micrometer determined via scanning electron microscopy.

The catalyst of any one of embodiments 82 to 86, wherein the first coating comprises the
zeolitic material at a loading in the range of from 0.1 to 3 g/in®, preferably in the range of
from 0.25 to 1 g/in®, more preferably in the range of from 0.3 to 0.75 g/in®.

The catalyst of any one of embodiments 82 to 87, wherein the zeolitic material comprised
in the first coating comprises copper, wherein said coating comprises copper in an
amount, calculated as CuQ, being preferably in the range of from 1 to 15 weight-%, more
preferably in the range of from 1.25 to 10 weight-%, more preferably in the range of from
1.5 to 7 weight-%, more preferably in the range of from 2 to 6 weight-%, more preferably
in the range of from 2.5 to 5.5 weight-%, more preferably in the range of from 4.5 to 5.25
weight-%, based on the weight of the zeolitic material comprised in the first coating.

The catalyst of any one of embodiments 82 to 88, wherein the non-zeolitic oxidic material
of the first coating supporting the platinum group metal comprises one or more of titania,
zirconia, silica, alumina and ceria, preferably one or more of titania, zirconia and alumina,
more preferably one or more of titania and zirconia, more preferably titania, wherein the
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first coating preferably comprises said non-zeolitic oxidic material in an amount in the
range of from 10 to 30 weight-%, more preferably in the range of from 15 to 25 weight-%,
based on the weight of zeolitic material comprising one or more of copper and iron com-
prised in the first coating.

The catalyst of embodiment 89, wherein from 30 to 100 weight-%, preferably from 50 to
99 weight-%, more preferably from 70 to 95 weight-%, more preferably from 80 to 92
weight-%, of the non-zeolitic oxidic material of the first coating consist of titania,
wherein preferably from 5 to 15 weight-%, more preferably from 6 to 12 weight-%, of the
non-zeolitic oxidic material consist of silicon, calculated as SiO».

The catalyst of any one of embodiments 82 to 90, wherein the first coating further com-
prises a metal oxide binder, wherein the metal oxide 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 zirco-
nia,

wherein the first coating preferably comprises said metal oxide binder in an amount in the
range of from 1 to 8 weight-%, more preferably in the range of from 3 to 7 weight-%,
based on the weight of the zeolitic material comprising one or more of copper and iron
comprised in the first coating.

The catalyst of any one of embodiments 82 to 91, wherein the first coating comprises

- a bottom coat disposed on the surface of the internal walls of the substrate, said
bottom coat comprising the platinum group metal, the non-zeolitic oxidic material and the
zeolitic material comprising one or more of copper and iron, and preferably a metal oxide
binder as defined in embodiment 91; and

- a top coat disposed on the bottom coat, said top coat comprising the zeoltic mate-
rial comprising one or more of copper and iron and preferably a metal oxide binder as de-
fined in embodiment 91,
wherein the bottom coat preferably extends from the inlet end to the outlet end of the sub-
strate axial length over x1 % of the substrate axial length, wherein x1 ranges from 90 to
100, more preferably from 95 to 100, more preferably from 99 to 100, and the top coat
preferably extends from the inlet end to the outlet end of the substrate axial length over y1
% of the substrate axial length, wherein y1 ranges from 90 to x, more preferably y1 = x1.

The catalyst of any one of embodiments 82 to 91, wherein the first coating is a single coat.

The catalyst of any one of embodiments 82 to 93, wherein the first coating extends over

95 to 100 %, preferably from 98 to 100 %, more preferably from 99 to 100 %, of the sub-
strate axial length; or

wherein the first coating extends over 20 to 70 %, preferably from 40 to 60 %, more pref-
erably from 45 to 55 % of the substrate axial length; wherein more preferably first coating
extends from the outlet end towards the inlet end of the substrate.
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The catalyst of any one of embodiments 82 to 94, wherein from 99 to 100 weight-%, pref-
erably from 99.5 to 100 weight-%, more preferably from 99.9 to 100 weight-%, of the first
coating consists of the platinum group metal, the non-zeolitic oxidic material, the zeolitic
material comprising one or more of copper and iron, and preferably a metal oxide binder
as defined in embodiment 91.

The catalyst of any one of embodiments 82 to 95, wherein the platinum group metal com-
prised in the second coating is selected from the group consisting of palladium, platinum,
rhodium, iridium and osmium, preferably selected from the group consisting of palladium,
platinum and rhodium, more preferably selected from the group consisting of palladium
and platinum, wherein the platinum group metal comprised in the second coating more
preferably is palladium.

The catalyst of any one of embodiments 82 to 96, wherein the second coating comprises
the platinum group metal at a loading, calculated as elemental platinum group metal, in
the range of from 2 to 100 g/ft?, preferably in the range of from 5 to 80 g/ft®, more prefera-
bly in the range of from 7 to 60 g/ft?, more preferably in the range of from 8 to 40 g/ft?,
more preferably in the range of from 10 to 30 g/ft.

The catalyst of any one of embodiments 82 to 97, wherein the second coating further
comprises a non-zeolitic oxidic material comprises one or more of alumina, zirconia, silica,
titania and ceria, preferably one or more of alumina, zirconia and silica, more preferably
one or more of alumina and zirconia, more preferably alumina or zirconia.

The catalyst of embodiment 98, wherein from 30 to 100 weight-%, preferably from 50 to
99 weight-%, more preferably from 70 to 95 weight-%, more preferably from 80 to 92
weight-%, of the non-zeolitic oxidic material of the second coating consist of zirconia,
wherein preferably from 5 to 15 weight-%, more preferably from 6 to 12 weight-%, of the
non-zeolitic oxidic material consist of lanthanum, calculated as La>Os.

The catalyst of any one of embodiments 82 to 99, wherein the 8-membered ring pore zeo-
litic material comprised in the second coating has a framework type selected from the
group consisting of CHA, AEIl, RTH, LEV, DDR, KFI, ERI, AFX, a mixture of two or more
thereof and a mixed type of two or more thereof, more preferably selected from the group
consisting of CHA, AEI, RTH, AFX, a mixture of two or more thereof and a mixed type of
two or more thereof, more preferably selected from the group consisting of CHA and AEl,
wherein the 8-membered ring pore zeolitic material comprised in the second coating more
preferably has a framework type CHA.

The catalyst of any one of embodiments 82 to 100, wherein from 95 to 100 weight-%,
preferably from 98 to 100 weight-%, more preferably from 99 to 100 weight-%, more pref-
erably from 99.5 to 100 weight-%, of the framework structure of the 8-membered ring pore
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zeolitic material comprised in the second coating consist of Si, Al, and O, wherein, in the
framework structure of said zeolitic material, the molar ratio of Si to Al, calculated as molar
Si02:AlL04, is more preferably in the range of from 2:1 to 60:1, more preferably in the
range of from 2:1 to 50:1, more preferably in the range of from 5:1 to 40:1, more prefera-
bly in the range of from 10:1 to 35:1, more preferably in the range of from 15:1 to 33:1,
more preferably in the range of from 15:1 to 20:1, or more preferably in the range of from
25:1 to 33:1;

wherein more preferably at most 1 weight-%, more preferably from 0 to 0.5 weight-%,
more preferably from O to 0.1 weight-%, of the framework structure of the zeolitic material
consist of P.

The catalyst of any one of embodiments 82 to 101, wherein the 8-membered ring pore
zeolitic material comprised in the second coating, preferably having a framework type
CHA, has a mean crystallite size of at least 0.1 micrometer, preferably in the range of from
0.1 to 3.0 micrometers, more preferably in the range of from 0.3 to 1.5 micrometer, more
preferably in the range of from 0.4 to 1.0 micrometer determined via scanning electron mi-
croscopy.

The catalyst of any one of embodiments 82 to 102, wherein the second coating comprises
the 8-membered ring pore zeolitic material at a loading in the range of from 0.1 to 3.0
g/in®, preferably in the range of from 0.5 to 2.5 g/in®, more preferably in the range of from
0.7 to 2.2 g/in®, more preferably in the range of from 0.8 to 2.0 g/in®.

The catalyst of any one of embodiments 82 to 103, wherein the 8-membered ring pore
zeolitic material comprised in the second coating comprises copper, wherein said coating
comprises copper in an amount, calculated as CuO, being preferably in the range of from
1 to 15 weight-%, more preferably in the range of from 1.25 to 10 weight-%, more prefera-
bly in the range of from 1.5 to 7 weight-%, more preferably in the range of from 2 to 6
weight-%, more preferably in the range of from 2.5 to 5.5 weight-%, based on the weight
of the 8-membered ring pore zeolitic material comprised in the second coating.

The catalyst of any one of embodiments 82 to 104, wherein the 10- or more membered
ring pore zeolitic material comprised in the second coating is a zeolitic material having a
framework type selected from the group consisting of FER, MFI, BEA, MWW, AFI, MOR,
OFF, MFS, MTT, FAU, LTL, MEI, MOR, a mixture of two or more thereof and a mixed
type of two or more thereof, preferably selected from the group consisting of FAU, FER,
MFI, BEA, MWW, 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 FAU, FER, MFI, and BEA,
wherein the 10- or more, preferably 10- or 12-, membered ring pore zeolitic material more
preferably is a zeolitic material having a framework type FAU or FER or MFI or BEA.

The catalyst of any one of embodiments 82 to 105, wherein from 95 to 100 weight-%,
preferably from 98 to 100 weight-%, more preferably from 99 to 100 weight-%, more pref-
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erably from 99.5 to 100 weight-%, of the framework structure of the 10- or more mem-
bered ring pore zeolitic material consist of Si, Al, and O, wherein, in the framework struc-
ture of said zeolitic material, the molar ratio of Si to Al, calculated as molar SiO2:AlLO3, is
more preferably in the range of from 2:1 to 60:1, more preferably in the range of from 3:1
to 40:1, more preferably in the range of from 3:1 to 35:1;

wherein more preferably at most 1 weight-%, more preferably from 0 to 0.5 weight-%,
more preferably from O to 0.1 weight-%, of the framework structure of the zeolitic material
consist of P.

The catalyst of embodiment 106, when the 10- or more membered ring pore zeolitic mate-
rial comprised in the second coating is a zeolitic material having a framework type BEA,
wherein, in the framework structure of said zeolitic material, the molar ratio of Si to Al, cal-
culated as molar SiO2:AlLO3, is in the range of from 4:1 to 20:1, preferably in the range of
from 6:1 to 15:1, more preferably in the range of from 8:1 to 12:1.

The catalyst of embodiment 106, when the 10- or more membered ring pore zeolitic mate-
rial comprised in the second coating is a zeolitic material having a framework type FER,
wherein, in the framework structure of said zeolitic material, the molar ratio of Si to Al, cal-
culated as molar SiO2:Al,O3, is in the range of from 10:1 to 30:1, preferably in the range of
from 15:1 to 25:1, more preferably in the range of from 18:1 to 22:1.

The catalyst of embodiment 106, when the 10- or more membered ring pore zeolitic mate-
rial comprised in the second coating is a zeolitic material having a framework type FAU,
wherein, in the framework structure of said zeolitic material, the molar ratio of Si to Al, cal-
culated as molar SiO2:AlLO3, is in the range of from 3:1 to 15:1, preferably in the range of
from 4:1 to 10:1, more preferably in the range of from 4:1 to 8:1.

The catalyst of embodiment 106, when the 10- or more membered ring pore zeolitic mate-
rial comprised in the second coating is a zeolitic material having a framework type MFI,
wherein, in the framework structure of said zeolitic material, the molar ratio of Si to Al, cal-
culated as molar SiO2:Al,O3, is in the range of from 10:1 to 35:1, preferably in the range of
from 20:1 to 32:1, more preferably in the range of from 25:1 to 30:1.

The catalyst of any one of embodiments 82 to 110, wherein the 10- or more membered
ring pore zeolitic material comprised in the second coating comprises one or more of iron,
copper and a rare earth element component, preferably one or more of iron and a rare
earth element component,

wherein said coating comprises the one or more of iron, copper and a rare earth element
component in an amount, calculated as the respective oxide, being preferably in the range
of from 1 to 20 weight-%, more preferably in the range of from 2 to 19 weight-%, more
preferably in the range of from 3 to 18 weight-%, more preferably in the range of from 3 to
6 weight-% or more preferably in the range of from 10 to 18 weight-%, based on the
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weight of the 10- or more membered ring pore zeolitic material comprised in the second
coating.

The catalyst of embodiment 111, wherein said zeolitic material comprised in the second
coating comprises iron or

wherein said zeolitic material comprised in the second coating comprises a rare earth el-
ement component, wherein the rare earth element component preferably comprises one
or more of La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Er, Y and Yb, more preferably comprises
one or more of La, Ce, Pr, Nd, Sm, Eu, Y, Yb and Gd, more preferably comprises one or
more of La and Ce, wherein from 60 to 100 weight-% of the rare earth element compo-
nent consist of La and/or Ce.

The catalyst of any one of embodiments 82 to 112, wherein the second coating extends
over 95 to 100 %, preferably from 98 to 100 %, more preferably from 99 to 100 %, of the
substrate axial length.

The catalyst of any one of embodiments 82 to 113, wherein the second coating compris-

es, preferably consists of,

- an inlet coat comprising the platinum group metal and the 10- or more membered
ring pore zeolitic material; and

- an outlet coat comprising the platinum group metal, a non-zeolitic oxidic material,
preferably as defined in embodiment 98 or 99, and the 8-membered ring pore zeolit-
ic material comprising one or more of copper and iron;

wherein the inlet coat extends over x2 % of the substrate axial length from the inlet end

towards the outlet end of the substrate, wherein x2 ranges from 20 to 80, preferably from

30 to 60, and

wherein the outlet coat extends over y2 % of the substrate axial length from the outlet end

towards the inlet end of the substrate, wherein y2 ranges from 20 to 80, preferably from

30 to 60.

The catalyst of embodiment 114, wherein the inlet coat of the second coating is disposed
on the first coating, and

wherein the outlet coat of the second coating is disposed on the first coating, wherein y2
is 100 — x2.

The catalyst of embodiment 114 or 115, as far as embodiment 114 depends on embodi-
ment 112 or 113, wherein, in the inlet coat of the second coating, the platinum group met-
al is supported on the 10- or more membered ring pore zeolitic material, preferably com-
prising one or more of iron, copper and a rare earth element component.

The catalyst of any one of embodiments 114 to 116, wherein the platinum group metal in
the inlet coat of the second coating is palladium and the 10- or more membered ring pore
zeolitic material in the inlet coat of the second coating is a zeolitic material having a
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framework type BEA, wherein said zeolitic material preferably comprises one or more of
iron, copper and a rare earth element component, more preferably one or more of iron
and a rare earth element component, more preferably iron.

The catalyst of any one of embodiments 114 to 116, wherein the platinum group metal in
the inlet coat of the second coating is palladium and the 10- or more membered ring pore
zeolitic material in the inlet coat of the second coating is a zeolitic material having a
framework type FAU, wherein said zeolitic material preferably comprises one or more of
iron, copper and a rare earth element component, more preferably one or more of iron
and a rare earth element component, more preferably a rare earth metal element compo-
nent as defined in embodiment 112.

The catalyst of any one of embodiments 114 to 116, wherein the platinum group metal of
the inlet coat of the second coating is palladium and the 10- or more membered ring pore
zeolitic material in the inlet coat of the second coating is a zeolitic material having a
framework type MFI, wherein said zeolitic material preferably comprises one or more of
iron, copper and a rare earth element component, more preferably one or more of iron
and a rare earth element component, more preferably iron.

The catalyst of any one of embodiments 114 to 119, wherein from 99 to 100 weight-%,
preferably from 99.5 to 100 weight-%, more preferably from 99.9 to 100 weight-%, of the
inlet coat of the second coating consists of the platinum group metal, the 10- or more
membered ring pore zeolitic material and preferably one or more of iron, copper and a ra-
re earth element component.

The catalyst of embodiment 114 or 115, wherein the inlet coat of the second coating fur-
ther comprises a non-zeolitic oxidic material, preferably as defined in embodiment 4 or 5,
wherein the platinum group metal comprised in the inlet coat of the second coating is sup-
ported on said non-zeolitic oxidic material, wherein the inlet coat of the second coating
preferably comprises the non-zeolitic oxidic material in an amount in the range of from 10
to 50 weight-% based on the weight of the inlet coat of the second coating.

The catalyst of embodiment 121, wherein the platinum group metal comprised in the inlet
coat of the second coating is palladium, the non-zeolitic oxidic material comprised in the
inlet coat of the second coating comprises zirconia or alumina, and the 10- or more mem-
bered ring pore zeolitic material comprised in the inlet coat of the second coating is a zeo-
litic material having a framework type BEA, wherein said zeolitic material preferably com-
prises one or more of iron, copper and a rare earth element component, more preferably
one or more of iron and a rare earth element component, more preferably iron.

The catalyst of embodiment 121 or 122, wherein from 99 to 100 weight-%, preferably from
99.5 to 100 weight-%, more preferably from 99.9 to 100 weight-%, of the inlet coat of the
second coating consists of the platinum group metal, the non-zeolitic oxidic material, the
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10- or more membered ring pore zeolitic material and preferably one or more of iron, cop-
per and a rare earth element component.

The catalyst of any one of embodiments 114 to 123, wherein the inlet coat of the second
coating comprises the platinum group metal at a loading, calculated as elemental platinum
group metal, in the range of from 5 to 40 g/ft?, preferably in the range of from 10 to 35
g/ft3, more preferably in the range of from 15 to 30 g/ft.

The catalyst of any one of embodiments 114 to 124, wherein the inlet coat of the second
coating comprises the zeolitic material at a loading in the range of from 1 to 3 g/in®, pref-
erably in the range of from 1.5 to 2.5 g/in®.

The catalyst of any one of embodiments 114 to 125, wherein at most 0.1 weight-%, pref-
erably at most 0.01 weight-%, more preferably at most 0.001 weight-%, of the inlet coat of
the second coating consists of an 8-membered ring pore zeolitic material.

The catalyst of any one of embodiments 114 to 126, wherein the platinum group metal of
the outlet coat of the second coating is supported on the non-zeolitic oxidic material of the
outlet coat of the second coating.

The catalyst of any one of embodiments 114 to 127, wherein the outlet coat of the second
coating comprises the non-zeolitic oxidic material at a loading in the range of from 0.05 to
1 g/in®, preferably in the range of from 0.1 to 0.5 g/in®.

The catalyst of any one of embodiments 114 to 128, wherein the weight ratio of the 8-
membered ring pore zeolitic material of the outlet coat of the second coating relative to the
non-zeolitic oxidic material of the outlet coat of the second coating is in the range of from
3:1 to 20:1, preferably in the range of from 5:1 to 15:1, more preferably in the range of
from 8:1 to 12:1.

The catalyst of any one of embodiments 114 to 129, wherein in the framework structure of
the 8-membered ring pore zeolitic material of the outlet coat of the second coating, the
molar ratio of Si to Al, calculated as molar SiO2:Al;Os, is in the range of from 15:1 to 33:1,
preferably in the range of from15:1 to 20:1, or preferably in the range of from 25:1 to 33:1.

The catalyst of any one of embodiments 114 to 130, wherein the 8-membered ring pore
zeolitic material comprised in the outlet coat of the second coating comprises copper,
wherein said outlet coat of the second coating comprises copper in an amount, calculated
as CuO, being preferably in the range of from 2.5 to 5.5 weight-%, more preferably in the
range of from 2.75 to 5.5 weight-%, more preferably in the range of from 3 to 3.75 weight-
%, or more preferably in the range of from 4.5 to 5.25 weight-%, based on the weight of
the 8-membered ring pore zeolitic material comprised in the outlet coat of the second
coating.
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The catalyst of any one of embodiments 114 to 131, wherein the platinum group metal in
the outlet coat of the second coating is palladium and the non-zeolitic oxidic material of
the outlet coat of the second coating comprises zirconia.

The catalyst of any one of embodiments 114 to 132, wherein the outlet coat of the second
coating comprises the platinum group metal at a loading, calculated as the elemental plat-
inum group metal, in the range of from 5 to 25 g/ft?, preferably in the range of from 10 to
20 g/fts.

The catalyst of any one of embodiments 114 to 133, wherein the outlet coat of the second
coating comprises the 8-membered ring pore zeolitic material at a loading in the range of
from 1 to 4 g/in®, preferably in the range of from 1.5 to 2.5 g/in®.

The catalyst of any one of embodiments 114 to 134, wherein the outlet coat of the second
coating further comprises a metal oxide binder, wherein the metal oxide 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 outlet coat of the second coating preferably comprises said metal oxide bind-
er in an amount in the range of from 1 to 8 weight-%, more preferably in the range of from
3 to 7 weight-%, based on the weight of the 8-membererd ring pore zeolitic material com-
prising one or more of copper and iron.

The catalyst of any one of embodiments 114 to 135, wherein from 99 to 100 weight-%,
preferably from 99.5 to 100 weight-%, more preferably from 99.9 to 100 weight-%, of the
outlet coat of the second coating consists of the platinum group metal, the non-zeolitic ox-
idic material, the 8-membered ring pore zeolitic material comprising one or more of copper
and iron, and preferably a metal oxide binder as defined in embodiment 135.

The catalyst of any one of embodiments 114 to 136, wherein at most 0.1 weight-%, pref-
erably at most 0.01 weight-%, more preferably at most 0.001 weight-%, of the outlet coat
of the second coating consists of a 10- or more membered ring pore zeolitic material.

The catalyst of any one of embodiments 82 to 113, wherein the second coating is a single
coat.

The catalyst of embodiment 138, wherein the non-zeolitic oxidic material of the second
coating comprises zirconia or alumina, wherein the second coating preferably comprises
said non-zeolitic oxidic material at a loading in the range of from 0.05 to 1 g/in3, more
preferably in the range of from 0.1 to 0.5 g/in®.
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The catalyst of embodiment 138 or 139, wherein in the framework structure of the 8-
membered ring pore zeolitic material of the second coating, the molar ratio of Si to Al, cal-
culated as molar SiO2:AlO3, is more preferably in the range of from 15:1 to 20:1.

The catalyst of any one of embodiments 138 to 140, wherein the 8-membered ring pore
zeolitic material comprised in the second coating comprises copper, wherein said coating
comprises copper in an amount, calculated as CuQ, being preferably in the range of from
2.5 to 5.5 weight-%, more preferably in the range of from 4.5 to 5.25 weight-%, based on
the weight of the 8-membered ring pore zeolitic material comprised in the second coating.

The catalyst of any one of embodiments 138 to 141, wherein the weight ratio of the 8-
membered ring pore zeolitic material of the second coating relative to the non-zeolitic oxi-
dic material of the second coating is in the range of from 2:1 to 15:1, preferably in the
range of from 3:1 to 12:1, more preferably in the range of from 5:1 to 9:1.

The catalyst of any one of embodiments 138 to 142, wherein the weight ratio of the 8-
membered ring pore zeolitic material of the second coating relative to the 10- or more
membered ring pore zeolitic material of the second coating is in the range of from 2:1 to
15:1, preferably in the range of from 3:1 to 12:1, more preferably in the range of from 5:1
to 9:1.

The catalyst of any one of embodiments 138 to 143, wherein the 8-membered ring pore
zeolitic material of the second coating has a framework type CHA and the 10- or more
membered ring pore zeolitic material of the second coating has a framework type BEA
and comprises iron.

The catalyst of any one of embodiments 138 to 143, wherein the 8-membered ring pore
zeolitic material of the second coating has a framework type CHA and the 10- or more
membered ring pore zeolitic material of the second coating has a framework type FAU
and comprises a rare earth element component as defined in embodiment 112.

The catalyst of any one of embodiments 138 to 143, wherein the 8-membered ring pore
zeolitic material of the second coating has a framework type CHA and the 10- or more
membered ring pore zeolitic material of the second coating has a framework type MFI and
comprises iron.

The catalyst of any one of embodiments 138 to 143, wherein the 8-membered ring pore
zeolitic material of the second coating has a framework type CHA and the 10- or more
membered ring pore zeolitic material of the second coating has a framework type FER.

The catalyst of any one of embodiments 82 to 113 and 138 to 147, wherein the second
coating further comprises a metal oxide binder, wherein the metal oxide binder preferably
comprises one or more of zirconia, alumina, titania, silica, and a mixed oxide comprising
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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 preferably comprises said metal oxide binder at an amount in
the range of from 1 to 8 weight-%, more preferably in the range of from 3 to 7 weight-%,
based on the weight of the 8-membererd ring pore zeolitic material comprising one or
more of copper and iron.

The catalyst of any one of embodiments 82 to 148, wherein from 99 to 100 weight-%,
preferably from 99.5 to 100 weight-%, more preferably from 99.9 to 100 weight-%, of the
second coating consists of the 10- or more membered ring pore zeolitic material, optional-
ly comprising one or more of iron, copper and a rare earth element component, the plati-
num group metal, the 8- membered ring pore zeolitic material comprising one or more of
copper and iron, preferably a non-zeolitic oxidic material as defined in embodiment 98 or
99, and more preferably a metal oxide binder as defined in embodiment 148.

The catalyst of any one of embodiments 82 to 149, wherein the substrate is a flow-through
substrate or a wall-flow filter substrate, preferably a flow-through substrate.

The catalyst of embodiment 150, wherein the flow-through substrate comprises, prefera-
bly consists of, a ceramic substance, wherein the ceramic substance preferably compris-
es, more preferably consists of, one or more of an alumina, a silica, a silicate, an alumino-
silicate, preferably a cordierite or a mullite, an aluminotitanate, a silicon carbide, a zirco-
nia, a magnesia, preferably a spinel, and a titania, more preferably one or more of a sili-
con carbide and a cordierite, more preferably a cordierite.

The catalyst of embodiment 151, wherein the flow-through substrate comprises, prefera-
bly consists of, a metallic substance, wherein the metallic substance preferably compris-
es, more preferably consists of, oxygen and one or more of iron, chromium and aluminum.

The catalyst of embodiment 152, wherein the substrate is electrically heated.

The catalyst of any one of embodiments 82 to 153, consisting of the substrate, the first
coating and the second coating.

A method for preparing a catalyst for the cracking and conversion of HC and for the selec-

tive catalytic reduction of NOx, preferably the catalyst according to any one of embodi-

ments 1 to 59, comprising

(1) providing an uncoated 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 plu-
rality of passages defined by internal walls of the substrate extending therethrough;

(2) providing a slurry comprising water, a platinum group metal precursor, preferably
palladium salt, a non-zeolitic oxidic material, an 8-membered ring pore zeolitic mate-
rial comprising one or more of copper and iron, and a 10- or more membered ring
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pore zeolitic material, disposing said slurry on the surface of the internal walls of the
substrate, over 90 to 100 % of the substrate axial length from the inlet end towards
the outlet end of the substrate provided in (1);

(3) calcining the slurry disposed on the substrate obtained according to (2), obtaining a
catalyst for the conversion of HC and for the selective catalytic reduction of NOx.

A method for preparing a catalyst for the cracking and conversion of HC and for the selec-
tive catalytic reduction of NOx, preferably the catalyst according to any one of embodi-
ments 19 to 42, comprising

(1) providing an uncoated 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 plu-
rality of passages defined by internal walls of the substrate extending therethrough;

(2 providing a first slurry comprising water, a platinum group metal precursor, prefera-
bly palladium salt, and a 10- or more membered ring pore zeolitic material, dispos-
ing said slurry on the surface of the internal walls of the substrate, over x % of the
substrate axial length from the inlet end towards the outlet end of the substrate pro-
vided in (1°), wherein x ranges from 20 to 80, preferably 30 to 60;

(3" calcining the slurry disposed on the substrate obtained according to (2°), obtaining a
catalyst comprising an inlet coat;

(4 providing a second slurry comprising water, a platinum group metal precursor, pref-
erably palladium salt, a non-zeolitic oxidic material and a 8- membered ring pore ze-
olitic material comprising one or more of copper and iron, disposing said slurry on
the surface of the internal walls of the substrate, over y % of the substrate axial
length from the out end towards the inlet end of the substrate provided in (1),
wherein x ranges from 20 to 80, preferably 30 to 60,

(5 calcining the slurry disposed on the substrate obtained according to (4°), obtaining a
catalyst comprising an inlet coat and an outlet coat.

Use of a catalyst for the selective catalytic reduction of NOx and for the cracking and con-
version of HC according to any one of embodiments 1 to 59 for the simultaneous selective
catalytic reduction of NOx and the cracking and conversion of HC.

A method for the simultaneous selective catalytic reduction of NOx and the cracking and

conversion of HC, comprising

(i) providing a gas stream comprising one or more of NOx, ammonia, nitrogen monox-
ide and a hydrocarbon;

(i)  contacting the gas stream provided in (i) with a catalyst according to any one of em-
bodiments 1 to 59.

Use of a catalyst for the cracking and conversion of HC, for the selective catalytic reduc-
tion of NOx and for the oxidation of ammonia according to any one of embodiments 82 to
154 for the simultaneous selective catalytic reduction of NOx, the ammonia oxidation and
the cracking and conversion of HC.
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A method for the simultaneous selective catalytic reduction of NOx, the ammonia oxida-

tion and the cracking and conversion of a hydrocarbon, comprising

(") providing a gas stream comprising one or more of NOx, ammonia, nitrogen monox-
ide and a hydrocarbon;

(i) contacting the gas stream provided in (") with a catalyst according to any one of
embodiments 82 to 154.

An exhaust gas treatment system comprising

a catalyst for the cracking and conversion of HC, for the selective catalytic reduction of
NOx and for the oxidation of ammonia according to any one of embodiments 1 to 59 or
any one of embodiments 82 to 154 and

one or more of a diesel oxidation catalyst, a catalyzed soot filter, a selective catalytic re-
duction (SCR) catalyst, and an SCR/AMOx catalyst.

The system of embodiment 161, comprising the catalyst according to any one of embodi-
ments 82 to 154, a diesel oxidation catalyst, a catalyzed soot filter, a selective catalytic
reduction (SCR) catalyst, and an SCR/AMOx catalyst,

wherein the catalyst according to any one of embodiments 82 to 154 is located upstream
of the diesel oxidation catalyst and of the catalyzed soot filter, wherein the diesel oxidation
catalyst is located upstream of the SCR catalyst and wherein the SCR catalyst is located
upstream of the SCR/AMOx catalyst.

The system of embodiment 162, wherein the diesel oxidation catalyst and the catalyzed
soot filter are combined.

The system of embodiment 162 or 163, further comprising a urea injector upstream of the
SCR catalyst and downstream of the diesel oxidation catalyst.

The system of embodiment 161, comprising the catalyst according to any one of embodi-
ments 1 to 59, or any one of embodiments 82 to 154, and a diesel oxidation catalyst,
wherein the diesel oxidation catalyst is located upstream of the catalyst according to any
one of embodiments 1 to 59 or any one of embodiments 82 to 154.

The system of embodiment 165, further comprising a HC injector upstream of the diesel
oxidation catalyst and an urea injector downstream of the diesel oxidation catalyst and
upstream of the catalyst according to any one of embodiments 1 to 59, or any one of em-
bodiments 82 to 154.

The system of any one of embodiments 161 to 166, wherein the diesel oxidation catalyst
comprises a platinum group metal supported on an oxidic material, preferably a non-
zeolitc oxidic material, wherein the diesel oxidation catalyst preferably is a layered DOC or
a mixed DOC.
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168. A method for the simultaneous selective catalytic reduction of NOx and the conversion of
a hydrocarbon, generating temperature though an exotherm, for desulfation, comprising
(A) providing a gas stream comprising one or more of NOx, ammonia, nitrogen monox-
ide and a hydrocarbon;
(B) contacting the gas stream provided in (A) with an exhaust gas treatment system ac-
cording to any one of embodiments 60 to 81 or according to any one of embodi-
ments 161 to 167.

In the context of the present invention, the term "the surface of the internal walls" is to be under-
stood 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.

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, or B, orC,orAand B,orAand C, orB and 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. “X is one or more of A, B, C and D”, disclosing that X is either
A,orB,orC,orD,orAandB,orAandC,orAand D,orBandC,orBand D, orC and D, or A
andBand C, or Aand Band D, or B and C and D, or Aand B and C and D.

Furthermore, in the context of the present invention, the term “loading of a given compo-
nent/coating” (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 compo-
nent/coating is present. For example, if reference is made to the loading of a first coating ex-
tending over x % of the axial length of the substrate and having a loading of X g/in®, said loading
would refer to X gram of the first coating per x% of the volume (in in®) of the entire substrate.

In the context of the present invention, the term “a 10- or more membered ring pore zeolitic ma-
terial” preferably means a 10-membered ring pore zeolitic material, a 12-membered ring pore
zeolitic material or a 14-membered ring pore zeolitic material, more preferably a 10-membered
ring pore zeolitic material or a 12-membered ring pore zeolitic material.

The present invention is further illustrated by the following Examples.

Examples



10

15

20

25

30

35

40

WO 2022/229237 PCT/EP2022/061133
-56 -

Reference Example 1: Determination of the Dv90 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 5 t0 10 %.

Reference Example 2: Preparation of a Cu-CHA zeolite

The zeolitic material having the framework structure type CHA comprising Cu and used in the
examples herein was prepared according to the teaching of US 8 293 199 B2. Particular refer-
ence is made to Inventive Example 2 of US 8 293 199 B2, column 15, lines 26 to 52.

Reference Example 3: Measurement of the BET specific surface area

The BET specific surface area was determined according to DIN 66131 or DIN ISO 9277 using
liquid nitrogen.

Reference Example 4: 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 mixture for a specific length of the sub-
strate which was equal to the targeted length of the coating to be applied and vacuum was ap-
plied. In this manner, the mixture contacted the walls of the substrate. The sample was left in
the mixture for a specific period of time, usually for 1-10 seconds. Vacuum was applied to draw
the mixture into the substrate. The substrate was then removed from the mixture. The substrate
was rotated about its axis such that the immersed side now points up and a high pressure of air
forces the charged mixture through the substrate.

Reference Example 5: Preparation of a catalyst not according to the present invention

An incipient wetness impregnation of Pd onto a zirconium based oxidic support (88 weight-% of
ZrO, with 10 weight-% La»O3 and 2 weight-% HfO2, having a BET specific surface area of 67
m?/g, a Dv50 of 3 micrometers and a Dv90 of 16 micrometers). Firstly, the available pore vol-
ume of the oxidic support was determined and, based on this value, a diluted palladium salt
solution with a volume equal to the available pore volume was made. The diluted solution was
then added dropwise to the Zr-based oxidic support over 30 minutes under constant stirring
resulting in a moist material. The resulting material was then calcined in an oven at 590°C and
allowed to cool. After calcination, the resulting powder was mixed with distilled water to form an
aqueous mixture with 40% solids and the pH was adjusted to 3.75 using an organic acid. At
this point, the slurry was milled until the particles of the Pd-impregnated ZrO, mixture had a
Dv90 of 10 micrometers. Separately, a Cu-CHA zeolitic material (Cu: 3.25 weight-%, calculated
as CuO, based on the weight of the Cu-CHA, CHA having a Dv90 of 25 micrometers, a SiOx:
Al,O3 molar ratio of 31:1, and a BET specific surface area of about 625 m?/q) was added to de-
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ionized water, forming a mixture. Further, a soluble zirconium solution (30 weight-% ZrO,) was
added as a binder to the mixture comprising water and Cu-CHA. The pH was adjusted to 7. The
final mixture solid content was 43 weight-%.

At this point, the Pd-impregnated ZrO; mixture was mixed into the Cu-CHA mixture and the pH
was again adjusted to 7. The final mixture was ready for disposal on a honeycomb flow-through
monolith cordierite 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 0.10 millimeter (4
mil) wall thickness). The substrate was coated over its entire substrate axial length (3 inches)
once from the inlet end of the substrate towards the outlet end of the substrate and once from
the outlet end of the substrate towards the inlet end of the substrate, achieving the targeted inlet
washcoat loading of 2.4 g/in®. To dry a coated substrate, the substrate was placed in an oven at
90 °C for about 30 minutes. After drying, the coated substrate was calcined for 30 minutes at
590 °C. The final loading of the coating in the catalyst after calcination was of 2.4 g/in3, including
2.05 g/in® Cu-CHA, 0.24 g/in® of zirconia/HfO2/Lay03, 0.1 g/in® of zirconia (binder) and a Pd
loading of 15 g/ft®.

Reference Example 6: Preparation of a multifunctional catalyst not according to the pre-
sent invention

Coating:

Bottom coat:

To a Si-doped titania powder (10 wt.% SiO2, BET specific surface area of 200 m?/g, a Dv90 of
20 micrometers) was added a platinum ammine solution. After calcination at 590°C the final
Pv/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 DvO0 was 10 micrometers, as
described in Reference Example 1. To an aqueous slurry of Cu-CHA zeolitic material (5.1
weight-% CuO and a SiO,:Al,Os molar ratio of 18:1) was added a zirconyl-acetate mixture 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 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 millimeter (4 mil) wall
thickness), from the inlet side of the substrate towards the outlet side, using the coating method
described in Reference Example 4, forming the bottom coat. Afterwards, the coated substrate
was dried at 90 °C for about 30 minutes and calcined at 590 °C for about 30 minutes. The load-
ing of the bottom coat, after calcination was about 2 g/in® with a Cu-CHA loading of 1.67 g/in3, a
ZrO; loading of 0.08 g/in®, a Si-titania loading of 0.25 g/in® and a PGM loading of 2.5 g/ft.

Top coat:

To an aqueous slurry of Cu-CHA zeolitic material (5.1 weight-% CuO based on the weight of
Cu-CHA and a SiO,:Al,O3 molar ratio of 18:1) 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
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the first coating, from the inlet side of the substrate towards the outlet side and covering the first
coating using the coating method described in Reference Example 4. Afterwards, the coated
substrate was dried and calcined. The loading of the top coat after calcination was 2.0 g/in®. The
final catalytic loading (bottom + top coats) in the catalyst after calcination was about 2.5 g/in®.

Example 1 : Preparation of a multifunctional catalyst according to the present invention

Coating:

Outlet coat:

An incipient wetness impregnation of Pd onto a zirconium based oxidic support (88 weight-% of
ZrO, with 10 weight-% La»O3 and 2 weight-% HfO2, having a BET specific surface area of 67
m?/g, a Dv50 of 3 micrometers and a Dv90 of 16 micrometers) was conducted. Firstly, the avail-
able pore volume of the non-zeolitic oxidic support was determined and, based on this value, a
diluted palladium salt solution with a volume equal to the available pore volume was made. The
diluted solution was then added dropwise to the Zr-based oxidic support over 30 minutes under
constant stirring resulting in a moist material. The resulting material was then calcined in an
oven at 590°C and allowed to cool. After calcination, the resulting powder was mixed with dis-
tilled water to form an aqueous mixture with 40% solids and the pH was adjusted to 3.75 using
an organic acid. At this point, the slurry was milled until the particles of the Pd-impregnated
ZrO; mixture had a Dv90 of 10 micrometers. Separately, a Cu-CHA zeolitic material (Cu: 3.25
weight-%, calculated as CuO, based on the weight of the Cu-CHA, CHA having a Dv90 of 25
micrometers, a SiO2: Al,Os molar ratio of 31:1, and a BET specific surface area of about 625
m2/g) was added to deionized water, forming a mixture. Further, a soluble zirconium solution (30
weight-% ZrO;) was added as a binder to the mixture comprising water and Cu-CHA. The pH
was adjusted to 7. The final mixture solid content was 43 weight-%.

At this point, the Pd-impregnated ZrO; mixture was mixed into the Cu-CHA mixture and the pH
was again adjusted to 7. The final mixture was ready for disposal on a honeycomb flow-through
monolith cordierite 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 0.10 millimeter (4
mil) wall thickness). The substrate was coated over 50% of the substrate axial length (1.5 inch-
es) from the outlet end of the substrate towards the inlet end of the substrate, achieving the tar-
geted inlet washcoat loading of 2.4 g/in®. To dry a coated substrate, the substrate was placed in
an oven at 90 °C for about 30 minutes. After drying, the coated substrate was calcined for 30
minutes at 590 °C. The final loading of the outlet coat in the catalyst after calcination was of 2.4
g/in3, including 2.05 g/in® Cu-CHA, 0.24 g/in® of zirconia/HfO3s/La;03, 0.1 g/in® of zirconia (binder)
and a Pd loading of 15 g/fts.

Inlet coat:

Separately, an incipient wetness impregnation of Pd onto a zeolitic material of BEA structure
type ion-exchanged with iron (Fe-BEA: 4.5 wt.-% Fe, calculated as Fe;Os, based on the weight
of Fe-BEA, BEA having a BET specific surface area of 600m?#/g, and a SiO,: Al,03 molar ratio of
10:1) was conducted. Firstly, the available pore volume of the zeolite was determined and,
based on this value, a diluted palladium salt solution with a volume equal to the available pore
volume was made. The diluted solution was then added dropwise to the Fe-BEA zeolite support
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over 30 minutes under constant stirring resulting in a moist material. The resulting material was
then calcined in an oven at 590°C and allowed to cool. After calcination, the resulting powder
was mixed with distilled water to form an aqueous mixture with 40% solids and the pH was ad-
justed to 3.75 using an organic acid. At this point, the mixture was milled until the particles of
the mixture had a Dv90 of 10 micrometers. The mixture was then disposed over 50 % of the
axial length of the substrate coated with the first coating (1.5 inches) from the inlet end of the
substrate towards the outlet end of the substate using the coating method described in Refer-
ence Example 4. Afterwards, the coated substrate was dried and calcined as the first coating.
The loading of the inlet coat after calcination was 1.575 g/in®. The final loading of the inlet coat
in the catalyst after calcination was of 1.575 g/in?, including 1.43 g/in® of Fe-BEA, 0.15 g/in® of
zirconia (binder) and a Pd loading of 30 g/ft.

The total final catalytic loading in the catalyst (inlet + outlet coats) was of 1.99 g/in® with a total
Pd loading of 22.5 g/ft3.

Example 2 : Preparation of a multifunctional catalyst according to the present invention

An incipient wetness impregnation of Pd onto an aluminium oxide (having a BET specific sur-
face area of 200m?/g, a Dv50 of 3 micrometers and a Dv90 of 16 micrometers) was conducted.
Firstly, the available pore volume of the non-zeolitic oxidic support was determined and, based
on this value, a diluted palladium salt solution with a volume equal to the available pore volume
was made. The diluted solution was then added dropwise to the aluminium oxidic support over
30 minutes under constant stirring resulting in a moist material. The resulting material was then
calcined in an oven at 590°C and allowed to cool. After calcination, the resulting powder was
mixed with distilled water to form an aqueous mixture with 40% solids and the pH was adjusted
to 3.75 using an organic acid. At this point, the slurry was milled until the particles of the mix-
ture had a Dv90 of 10 micrometers.

Separately, a Cu-CHA zeolitic material (Cu: 5.1 weight-%, calculated as CuQO, based on the
weight of the Cu-CHA, CHA having a Dv90 of 25 micrometers, a SiO»: Al,03 molar ratio of
18.5:1, and a BET specific surface area of about 625 m2/g) and an Fe (3.5 weight-%, calculated
as Fe,03) ion-exchanged MFI zeolitic material (having a BET specific surface area of 375m?/g,
and a SiOz: Al,Os; molar ratio of 27.5:1) were added to deionized water at a weight ratio of about
9:1, forming a mixture. Further, a soluble zirconium solution (30 weight-% ZrO;) was added as a
binder to the mixture comprising water, Fe-MFI and Cu-CHA. The pH was adjusted to 7. The
final mixture solid content was 38 weight-%.

At this point, the Pd-impregnated Al;O3 mixture was mixed into the Cu-CHA/Fe-MF| mixture and
the pH was again adjusted to 7. The final mixture was ready for disposal on a honeycomb flow-
through monolith cordierite 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 0.10 mil-
limeter (4 mil) wall thickness). The substrate was coated with the final mixture according to the
coating method defined in Reference Example 4. To achieve the targeted washcoat loading of
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2.4 g/in®, the substrate was coated once along its entire length, from the outlet end of the sub-
strate to the inlet end, with a drying and calcination steps after the coating step. To dry a coat-
ed substrate, the substrate was placed in an oven at 90 °C for about 30 minutes. After drying,
the coated substrate was calcined for 30 minutes at 590 °C. The final loading of the coating in
the catalyst after calcination was of 2.4 g/in®, including 1.8 g/in® Cu-CHA, 0.25¢g/in® Fe-MFI, 0.25
g/in® of Al,O3, 0.1 g/in® of zirconia (binder) and a Pd loading of 15 g/ft®.

Example 3 : Preparation of a multifunctional catalyst according to the present invention

An incipient wetness impregnation of Pd onto an aluminium oxide (having a BET specific sur-
face area of 200m?/g, a Dv50 of 3 micrometers and a Dv90 of 16 micrometers) was conducted.
Firstly, the available pore volume of the non-zeolitic oxidic support was determined and, based
on this value, a diluted palladium salt solution with a volume equal to the available pore volume
was made. The diluted solution was then added dropwise to the aluminium oxidic support over
30 minutes under constant stirring resulting in a moist material. The resulting material was then
calcined in an oven at 590°C and allowed to cool. After calcination, the resulting powder was
mixed with distilled water to form an aqueous mixture with 40% solids and the pH was adjusted
to 3.75 using an organic acid. At this point, the slurry was milled until the particles of the mix-
ture had a Dv90 of 10 micrometers.

Separately, a Cu-CHA zeolitic material (Cu: 5.1 weight-%, calculated as CuQO, based on the
weight of the Cu-CHA, CHA having a Dv90 of 25 micrometers, a SiO: Al,03 molar ratio of
18.5:1, and a BET specific surface area of about 625 m2/g) and Zeolite Y (FAU framework type)
ion-exchanged with rare earth (RE) metals (RE (with predominantly La and Ce): about 16
weight-%, calculated as Re,03, based on the weight of the RE-Y, zeolite Y having a BET specif-
ic surface area of 700m?g, and a SiO;: Al,Os molar ratio of 5:1) were added to deionized water
at a weight ratio of about 7:1, forming a mixture. Further, a soluble zirconium solution (30
weight-% ZrO;) was added as a binder to the mixture comprising water, RE-Zeolite Y and Cu-
CHA. The pH was adjusted to 7. The final mixture solid content was 38 weight-%.

At this point, the Pd-impregnated Al;O3 mixture was mixed into the Cu-CHA/RE-Zeolite Y mix-
ture and the pH was again adjusted to 7. The final mixture was ready for disposal on a honey-
comb flow-through monolith cordierite 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 0.10 millimeter (4 mil) wall thickness). The substrate was coated with the final mixture ac-
cording to the coating method defined in General coating method. To achieve the targeted
washcoat loading of 2.4 g/in®, the substrate was coated once along its entire length, from the
outlet end of the substrate to the inlet end, with a drying and calcination steps after the coating
step. To dry a coated substrate, the substrate was placed in an oven at 90 °C for about 30
minutes. After drying, the coated substrate was calcined for 30 minutes at 590 °C. The final
loading of the coating in the catalyst after calcination was of 2.4 g/in®, including 1.8 g/in® Cu-
CHA, 0.25 g/in® RE-zeolite Y, 0.25 g/in® of Al,O3, 0.1 g/in® of zirconia (binder) and a Pd loading
of 15 g/fts.
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Example 4: Preparation of an exhaust gas treatment system according to the present in-
vention

An exhaust gas treatment system according to the present invention was prepared by combin-

ing the catalyst of Example 1 (Catalyst 1) and the catalyst of Reference Example 6 (Catalyst 2),
wherein the catalyst of Reference Example 6 was located downstream of the catalyst of Exam-
ple 1.

Comparative Example 1: Preparation of an exhaust gas treatment system not according to
the present invention

An exhaust gas treatment system not according to the present invention was prepared by com-
bining the catalyst of Reference Example 5 (Catalyst 1) and the catalyst of Reference Example
6 (Catalyst 2), wherein the catalyst of Reference Example 6 was located downstream of the
catalyst of Reference Example 5.

Example 5 Testing of the exhaust gas treatment systems of Example 4 and of Compara-
tive Example 1

Steady state points were run to test two different systems in HC oxidation capability. Test per-
formed downstream a Heavy Duty Diesel engine. Test conditions are illustrated in Figures 1-3.
Catalyst 1 inlet temperatures were 305, 325 and 350°C with a targeted catalyst out temperature
of 450°C. Temperatures downstream of Catalyst 1 as well as of Catalyst 2 were measured for
the two systems. The results are shown in Figures 4 and 6 (Comparative Example 1) and Fig-
ures 5 and 7 (Inventive Example 4).

As may be taken from Figures 4 and 5, the targeted catalyst out temperature of 450°C is only
attained with the system according to the present invention which permits to achieve higher ex-
otherms compared to the comparative systems. Further, as to Figures 6 and 7, which show the
HC slip at the outlet end of Catalyst 1 and Catalyst 2 of the tested systems, it is noted that the
HC slip is very low for the inventive system when the full exotherm is achieved (450 °C).

Example 6 : Preparation of a multifunctional catalyst according to the present invention

An incipient wetness impregnation of Pd onto a zeolitic material having a framework type FER
in the ammonium-form, having a BET specific surface area of 400m?/g, and a SiOz: Al,O; of
20:1. Firstly, the available pore volume of the zeolite was determined and, based on this value,
a diluted palladium salt solution with a volume equal to the available pore volume was made.
The diluted solution was then added dropwise to the FER zeolitic material support over 30
minutes under constant stirring resulting in a moist material. The resulting material was then
calcined in an oven at 590°C and allowed to cool. After calcination, the resulting powder was
mixed with distilled water to form an aqueous mixture with 40% solids and the pH was adjusted
to 3.75 using an organic acid. At this point, the slurry was milled until the particles of the mix-
ture had a Dv90 of 10 micrometers. Separately, a Cu-CHA zeolitic material (Cu: 5.1 weight-%,
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calculated as CuO, based on the weight of the Cu-CHA, CHA having a Dv90 of 25 micrometers,
a SiOy: AlbOs molar ratio of 18.5:1, and a BET specific surface area of about 625 m2/g) was
added to deionized water, forming a mixture. Further, a soluble zirconium solution (30 weight-%
ZrO,) was added as a binder to the mixture comprising water and Cu-CHA. The pH was adjust-
ed to 7. The final mixture solid content was 38 weight-%.

At this point, the Pd-impregnated FER mixture was mixed into the Cu-CHA mixture and the pH
was again adjusted to 7. The final mixture was ready for disposal on a honeycomb flow-through
monolith cordierite 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 0.10 millimeter (4
mil) wall thickness). The substrate was coated with the final mixture according to the coating
method defined in Reference Example 4. To achieve the targeted washcoat loading of 2.4 g/in3,
the substrate was coated once along its entire length, from the outlet end of the substrate to the
inlet end, with a drying and calcination steps after the coating step. To dry a coated substrate,
the substrate was placed in an oven at 90 °C for about 30 minutes. After drying, the coated
substrate was calcined for 30 minutes at 590 °C. The final loading of the coating in the catalyst
after calcination was of 2.4 g/in®, including 2.05 g/in® Cu-CHA, 0.25 g/in® of FER, 0.1 g/in® of
zirconia (binder) and a Pd loading of 15 g/ft.

Example 7 : Preparation of a multifunctional catalyst according to the present invention

An incipient wetness impregnation of Pd onto a zeolitic material having a framework type BEA
ion-exchanged with iron (Fe: 4.5 weight%, calculated as Fe;Os, based on the weight of the Fe-
BEA), having a BET specific surface area of 600m?3/g, and a SiOz: Al,O3; molar ratio of 10:1).
Firstly, the available pore volume of the zeolite was determined and, based on this value, a di-
luted palladium salt solution with a volume equal to the available pore volume was made. The
diluted solution was then added dropwise to the Fe-BEA zeolite support over 30 minutes under
constant stirring resulting in a moist material. The resulting material was then calcined in an
oven at 590°C and allowed to cool. After calcination, the resulting powder was mixed with dis-
tilled water to form an aqueous mixture with 40% solids and the pH was adjusted to 3.75 using
an organic acid. At this point, the slurry was milled until the particles of the mixture had a Dv90
of 10 micrometers. Separately, a Cu-CHA zeolitic material (Cu: 5.1 weight-%, calculated as
CuO, based on the weight of the Cu-CHA, CHA having a Dv90 of 25 micrometers, a SiO2: Al;03
molar ratio of 18.5:1, and a BET specific surface area of about 625 m?/q) was added to deion-
ized water, forming a mixture. Further, a soluble zirconium solution (30 weight-% ZrO,) was
added as a binder to the mixture comprising water and Cu-CHA. The pH was adjusted to 7. The
final mixture solid content was 38 weight-%.

At this point, the Pd-impregnated Fe-BEA mixture was mixed into the Cu-CHA mixture and the
pH was again adjusted to 7. The final mixture was ready for disposal on a honeycomb flow-
through monolith cordierite 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 0.10 mil-
limeter (4 mil) wall thickness). The substrate was coated with the final mixture according to the
coating method defined in Reference Example 4. To achieve the targeted washcoat loading of
2.4 g/in®, the substrate was coated once along its entire length, from the outlet end of the sub-
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strate to the inlet end, with a drying and calcination steps after the coating step. To dry a coat-
ed substrate, the substrate was placed in an oven at 90 °C for about 30 minutes. After drying,
the coated substrate was calcined for 30 minutes at 590 °C. The final loading of the coating in
the catalyst after calcination was of 2.4 g/in?, including 2.05 g/in® Cu-CHA, 0.25 g/in® of Fe-BEA,
0.1 g/in® of zirconia (binder) and a Pd loading of 15 g/ft.

Example 8 : Preparation of a multifunctional catalyst according to the present invention

An incipient wetness impregnation of Pd onto an aluminium oxide, having a BET specific sur-
face area of 200m2/g, a Dv50 of 3 micrometers and a Dv90 of 16 micrometers. Firstly, the avail-
able pore volume of the non-zeolitic oxidic support was determined and, based on this value, a
diluted palladium salt solution with a volume equal to the available pore volume was made. The
diluted solution was then added dropwise to the aluminium oxidic support over 30 minutes un-
der constant stirring resulting in a moist material. The resulting material was then calcined in an
oven at 590°C and allowed to cool. After calcination, the resulting powder was mixed with dis-
tilled water to form an aqueous mixture with 40% solids and the pH was adjusted to 3.75 using
an organic acid. At this point, the slurry was milled until the particles of the mixture had a Dv90
of 10 micrometers.

Separately, a Cu-CHA zeolitic material (Cu: 5.1 weight-%, calculated as CuQO, based on the
weight of the Cu-CHA, CHA having a Dv90 of 25 micrometers, a SiO2: Al,03 molar ratio of
18.5:1, and a BET specific surface area of about 625 m2/g) and a Fe-BEA zeolitic material (Fe:
4.5 weight-%, calculated as Fe;Os3, based on the weight of the Fe-BEA, BEA having a BET spe-
cific surface area of 600m?/g, and a SiO2: Al,Oz molar ratio of 10:1) were added to deionized
water at a weight ratio of about 9:1, forming a mixture. Further, a soluble zirconium solution (30
weight-% ZrO;) was added as a binder to the mixture comprising water, Fe-BEA and Cu-CHA.
The pH was adjusted to 7. The final mixture solid content was 38 weight-%.

At this point, the Pd-impregnated Al;O3 mixture was mixed into the Cu-CHA/Fe-BEA mixture
and the pH was again adjusted to 7. The final mixture was ready for disposal on a honeycomb
flow-through monolith cordierite 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 0.10
millimeter (4 mil) wall thickness). The substrate was coated with the final mixture according to
the coating method defined in Reference Example 4. To achieve the targeted washcoat loading
of 2.4 g/in®, the substrate was coated once along its entire length, from the outlet end of the
substrate to the inlet end, with a drying and calcination steps after the coating step. To dry a
coated substrate, the substrate was placed in an oven at 90 °C for about 30 minutes. After dry-
ing, the coated substrate was calcined for 30 minutes at 590 °C. The final loading of the coating
in the catalyst after calcination was of 2.4 g/in®, including 1.8 g/in® Cu-CHA, 0.25 g/in® Fe-BEA,
0.25 g/in® of Al,O3, 0.1 g/in® of zirconia (binder) and a Pd loading of 15 g/ft.

Example 9 : Preparation of a multifunctional catalyst according to the present invention

The catalyst of Example 9 was prepared as the catalyst of Example 8 except that alumina oxidic
support was replaced by a zirconium oxidic support (88 weight-% of ZrO, with 10 weight-%
La;0s and 2 weight-% HfO,, having a BET specific surface area of 67 m#/g, a Dv50 of 3 mi-
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crometers and a Dv90 of 16 micrometers). The final loading of the coating in the catalyst after
calcination was of 2.4 g/in®, including 1.8 g/in® Cu-CHA, 0.25 g/in® Fe-BEA, 0.25 g/in® of zirco-
nia/HfO3s/La,0s, 0.1 g/in® of zirconia (binder) and a Pd loading of 15 g/ft®.

Example 10 : Preparation of a multifunctional catalyst according to the present invention

An incipient wetness impregnation of Pd onto an aluminium oxide, having a BET specific sur-
face area of 200m?/g, a Dv50 of 3 micrometers and a Dv90 of 16 micrometers. Firstly, the avail-
able pore volume of the non-zeolitic oxidic support was determined and, based on this value, a
diluted palladium salt solution with a volume equal to the available pore volume was made. The
diluted solution was then added dropwise to the aluminium oxidic support over 30 minutes un-
der constant stirring resulting in a moist material. The resulting material was then calcined in an
oven at 590°C and allowed to cool. After calcination, the resulting powder was mixed with dis-
tilled water to form an aqueous mixture with 40% solids and the pH was adjusted to 3.75 using
an organic acid. At this point, the slurry was milled until the particles of the mixture had a Dv90
of 10 micrometers.

Separately, a Cu-CHA zeolitic material (Cu: 5.1 weight-%, calculated as CuQO, based on the
weight of the Cu-CHA, CHA having a Dv90 of 25 micrometers, a SiO»: Al,03 molar ratio of
18.5:1, and a BET specific surface area of about 625 m2/g) and an FER zeolitic material in the
ammonium-form (having a BET specific surface area of 400m?#g, and a SiO,: Al,Os molar ratio
of 20:1) were added to deionized water at a weight ratio of about 9:1, forming a mixture. Fur-
ther, a soluble zirconium solution (30 weight-% ZrO;) was added as a binder to the mixture
comprising water, FER and Cu-CHA. The pH was adjusted to 7. The final mixture solid content
was 38 weight-%.

At this point, the Pd-impregnated Al;O3 mixture was mixed into the Cu-CHA/FER mixture and
the pH was again adjusted to 7. The final mixture was ready for disposal on a honeycomb flow-
through monolith cordierite 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 0.10 mil-
limeter (4 mil) wall thickness). The substrate was coated with the final mixture according to the
coating method defined in General coating method. To achieve the targeted washcoat loading
of 2.4 g/in®, the substrate was coated once along its entire length, from the outlet end of the
substrate to the inlet end, with a drying and calcination steps after the coating step. To dry a
coated substrate, the substrate was placed in an oven at 90 °C for about 30 minutes. After dry-
ing, the coated substrate was calcined for 30 minutes at 590 °C. The final loading of the coating
in the catalyst after calcination was of 2.4 g/in3, including 1.8 g/in® Cu-CHA, 0.25 g/in® FER, 0.25
g/in® of Al,O3, 0.1 g/in® of zirconia (binder) and a Pd loading of 15 g/ft®.

Example 11 : Preparation of a multifunctional catalyst according to the present invention

Coating:

Outlet coat:

The outlet coat of Example 11 was prepared as the outlet coat of Example 11, except that zir-
conium based oxidic support was replaced by aluminium oxide, having a BET specific surface
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area of 200m?/g, a Dv50 of 3 micrometers and a Dv90 of 16 micrometers. The final loading of
the outlet coat in the catalyst after calcination was of 2.4 g/in?, including 2.05 g/in® Cu-CHA, 0.24
g/in® of Al,O3, 0.1 g/in® of zirconia (binder) and a Pd loading of 15 g/ft®.

Inlet coat:

An incipient wetness impregnation of Pd onto an aluminium oxide, having a BET specific sur-
face area of 200m2/g, a Dv50 of 3 micrometers and a Dv90 of 16 micrometers. Firstly, the avail-
able pore volume of the oxidic support was determined and, based on this value, a diluted pal-
ladium salt solution with a volume equal to the available pore volume was made. The diluted
solution was then added dropwise to the aluminium oxidic support over 30 minutes under con-
stant stirring resulting in a moist material. The resulting material was then calcined in an oven at
590°C and allowed to cool. After calcination, the resulting powder was mixed with distilled water
to form an aqueous mixture with 40% solids and the pH was adjusted to 3.75 using an organic
acid. At this point, the slurry was milled until the particles of the mixture had a Dv90 of 10 mi-
crometers.

Separately, a BEA zeolitic material, ion-exchanged with iron (4.5 weight-% of Fe, calculated as
Fe,03, based on the weight of Fe-BEA, BEA having a BET specific surface area of 600m?/g,
and a SiOz: Al,Os; molar ratio of 10:1) was added to deionized water. Further, a soluble zirconi-
um solution (30 weight-% ZrO,) was added as a binder to the mixture comprising water and Fe-
BEA. The pH was adjusted to 7. The final mixture solid content was 38 weight-%.

At this point, the Pd-impregnated Al;O3 mixture was mixed into the Fe-BEA mixture and the pH
was again adjusted to 7. The final mixture was ready for disposal on a honeycomb flow-through
monolith cordierite substrate. The final loading of the inlet coat in the catalyst after calcination
was 2.4 g/in?, including 2.05 g/in® Fe-BEA, 0.25 g/in® of Al,O3, 0.1 g/in® of zirconia (binder) and a
Pd loading of 15 g/ft.

Example 12 : Preparation of a multifunctional catalyst according to the present invention

An incipient wetness impregnation of Pd onto a zeolitic material having a framework type BEA
in its H-form having a BET specific surface area of 600m?/g, and a SiOz: Al,O3 of 800:1. Firstly,
the available pore volume of the zeolite was determined and, based on this value, a diluted pal-
ladium salt solution with a volume equal to the available pore volume was made. The diluted
solution was then added dropwise to the BEA zeolite support over 30 minutes under constant
stirring resulting in a moist material. The resulting material was then calcined in an oven at
590°C and allowed to cool. After calcination, the resulting powder was mixed with distilled water
to form an aqueous mixture with 40% solids and the pH was adjusted to 3.75 using an organic
acid. At this point, the slurry was milled until the particles of the mixture had a Dv90 of 10 mi-
crometers. Separately, a Cu-CHA zeolitic material (Cu: 5.1 weight-%, calculated as CuO, based
on the weight of the Cu-CHA, CHA having a Dv90 of 25 micrometers, a SiO,: Al,Os molar ratio
of 18.5:1, and a BET specific surface area of about 625 m2/g) was added to deionized water,
forming a mixture. Further, a soluble zirconium solution (30 weight-% ZrO,) was added as a
binder to the mixture comprising water and Cu-CHA. The pH was adjusted to 7. The final mix-
ture solid content was 38 weight-%.
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At this point, the Pd-impregnated BEA mixture was mixed into the Cu-CHA mixture and the pH
was again adjusted to 7. The final mixture was ready for disposal on a honeycomb flow-through
monolith cordierite 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 0.10 millimeter (4
mil) wall thickness). The substrate was coated with the final mixture according to the coating
method defined in General coating method. To achieve the targeted washcoat loading of 2.4
g/in®, the substrate was coated once along its entire length, from the outlet end of the substrate
to the inlet end, with a drying and calcination steps after the coating step. To dry a coated sub-
strate, the substrate was placed in an oven at 90 °C for about 30 minutes. After drying, the
coated substrate was calcined for 30 minutes at 590 °C. The final loading of the coating in the
catalyst after calcination was of 2.4 g/in3, including 2.05 g/in® Cu-CHA, 0.25 g/in® of BEA, 0.1
g/in® of zirconia (binder) and a Pd loading of 15 g/ft®.

Example 13 : Preparation of a multifunctional catalyst according to the present invention

An incipient wetness impregnation of Pd onto an aluminium oxide, having a BET specific sur-
face area of 200m?/g, a Dv50 of 3 micrometers and a Dv90 of 16 micrometers). Firstly, the
available pore volume of the oxidic support was determined and, based on this value, a diluted
palladium salt solution with a volume equal to the available pore volume was made. The diluted
solution was then added dropwise to the aluminium oxidic support over 30 minutes under con-
stant stirring resulting in a moist material. The resulting material was then calcined in an oven at
590°C and allowed to cool. After calcination, the resulting powder was mixed with distilled water
to form an aqueous mixture with 40% solids and the pH was adjusted to 3.75 using an organic
acid. At this point, the slurry was milled until the particles of the mixture had a Dv90 of 10 mi-
crometers. Separately, a Cu-CHA zeolitic material (Cu: 5.1 weight-%, calculated as CuO, based
on the weight of the Cu-CHA, CHA having a Dv90 of 25 micrometers, a SiO,: Al,Os molar ratio
of 18.5, and a BET specific surface area of about 625 m%/g) and a BEA zeolitic material in the
H-form having a BET specific surface area of 600m?/g, and a SiO»: Al2O3 of 800:1 were added
to deionized water at a weight ratio of about 9:1, forming a mixture. Further, a soluble zirconium
solution (30 weight-% ZrO2) was added as a binder to the mixture comprising water, BEA and
Cu-CHA. The pH was adjusted to 7. The final mixture solid content was 38 weight-%.

At this point, the Pd-impregnated Al;O3 mixture was mixed into the Cu-CHA/BEA mixture and
the pH was again adjusted to 7. The final mixture was ready for disposal on a honeycomb flow-
through monolith cordierite 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 0.10 mil-
limeter (4 mil) wall thickness). The substrate was coated with the final mixture according to the
coating method defined in General coating method. To achieve the targeted washcoat loading
of 2.4 g/in®, the substrate was coated once along its entire length, from the outlet end of the
substrate to the inlet end, with a drying and calcination steps after the coating step. To dry a
coated substrate, the substrate was placed in an oven at 90 °C for about 30 minutes. After dry-
ing, the coated substrate was calcined for 30 minutes at 590 °C. The final loading of the coating
in the catalyst after calcination was of 2.4 g/in?, including 1.8 g/in® Cu-CHA, 0.25g/in® BEA, 0.25
g/in® of Al,O3, 0.1 g/in® of zirconia (binder) and a Pd loading of 15 g/ft®.
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Example 14 : Preparation of a multifunctional catalyst according to the present invention

The catalyst of Example 14 was prepared as the catalyst of Example 10, except that palladium
was replaced by platinum. The final loading of the coating in the catalyst after calcination was of
2.4 g/in3, including 1.8 g/in® Cu-CHA, 0.25 g/in® FER, 0.25 g/in® of Al,O3, 0.1 g/in® of zirconia
(binder) and a Pt loading of 15 g/ft.

Example 15 : Preparation of a multifunctional catalyst according to the present invention

First (bottom) coating:

To a Si-doped titania powder (10 wt% SiO2, BET specific surface area of 200 m?/g, a Dv90 of 20
micrometers) 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 micrometers. To an
aqueous slurry of Cu-CHA zeolitic material (Cu: 5.1 weight-%, calculated as CuQO, based on the
weight of the Cu-CHA, CHA having a SiO,:AlO3 molar ratio of 18:1) 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 disposed over 50% of the substrate’s axial length, from the
outlet end towards the inlet end 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 millimeter (4 mil) wall thickness).
Afterwards, the substrate was dried at 120 °C for 10 minutes and at 160 °C for 30 minutes and
was then calcined at 450 °C for 30 minutes. The loading of the first coating, after calcination
was about 0.5 g/in® with a Cu-CHA loading of 0.25 g/in3, a ZrO; loading of 0.04 g/in®, a Si-titania
loading of 0.21 g/in® and a Pt loading of 5 g/ft.

Second (top) coating:

The slurry for preparing the second coating was prepared as the slurry for preparing the coating
of Example 10. The slurry was then disposed from the outlet end toward the inlet end of the
substrate coated with the first coating over the entire length of the substrate according to the
General coating method (Ref. Ex. 4). To achieve the targeted washcoat loading of 2.4 g/in®, the
substrate was coated once along its entire length, from the outlet end of the substrate to the
inlet end, with drying and calcination steps after the coating step. To dry a coated substrate, the
substrate was placed in an oven at 90 °C for about 30 minutes. After drying, the coated sub-
strate was calcined for 30 minutes at 590 °C. The final loading of the second (top) coating in the
catalyst after calcination was of 2.4 g/in3, including 1.8 g/in® Cu-CHA, 0.25 g/in® FER, 0.25 ¢/in®
of Al,O3, 0.1 g/in® of zirconia (binder) and a Pd loading of 15 g/ft®.

Example 16 : Testing of the multifunctional catalysts of Examples 10 and 12-15 — DeNOx,
N20 formation and NH3 slip

The testing of the fresh catalysts was done on a heavy-duty diesel engine under steady state

conditions. The DeNOx, N2O formation as well as ammonia slip were measured under different

conditions:
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- at 200°C at an exhaust flow of about 250kg/h; with NOx about 1000 ppm (the measure-
ments were done after 20 min the time for stabilizing — the average reported in the fig-
ures was calculated over the final 2 minutes after stabilization);

- at 350°C at an exhaust flow of about 250kg/h; with NOx about 1800 ppm (the measure-
ments were done after 20 min the time for stabilizing — the average reported in the fig-
ures was calculated over the final 2 minutes after stabilization).

The results are reported in Figures 8-10.

Comments on Examples 10, 12 and 13 (Pd-only): As may be taken from Figures 8 and 9, all the
Pd-based multifunction catalysts (MFCs) show comparable DeNOx both at low and high tem-
peratures. The MFCs that contain a zeolite with a high Si/Al ratio (Examples 12 and 13) display
higher N2O make than the MFC of Example 10.

Comments on Examples 14 and 15 (Pt-containing):

As may be taken from Figures 9 and 10, when Pt is included in the MFC instead of Pd (Example
14), the MFC displays lower DeNOx at high temperature (due to NH3 oxidation, which predomi-
nantly happens at higher temperature) and consequently low NHs slip. In parallel, the MFC with
Pt-only also displays higher N-O make. Further, as may be taken from Figures 8-10, when a
PGM-containing bottom coat (=FAMOX) is included in the MFC (Example 15), the high tempera-
ture DeNOx does not suffer when compared to Example 14, while showing equal low tempera-
ture DeNOx to all other MFCs. Concurrently, the NH3 slip is low, namely of less than 10 ppm
while also displaying a significantly lower N,O formation than Example 14. It is noted that with-
out wanting to be bound to any theory, Low temperature NH3 slip is predominantly affected by
storage effects as Pt is not active at 200°C for NH3 oxidation.

Brief description of the figures

Figures 1t0 3  show the testing conditions of the two exhaust gas treatment systems.

Figures 4 and 6 show the different temperatures obtained at the outlet end of Catalyst 1 and
Catalyst 2 of the comparative system as well as the HC slip at the outlet end of
Catalyst 1 and Catalyst 2, when applying Catalyst 1 inlet temperatures of 305,
325 and 350°C.

Figures 5 and 7 show the different temperatures obtained at the outlet end of Catalyst 1 and
Catalyst 2 of the inventive system as well as the HC slip at the outlet end of
Catalyst 1 and Catalyst 2, when applying Catalyst 1 inlet temperatures of 305,
325 and 350°C.

Figure 8 shows the DeNOx measured for the catalysts of Examples 10 and 12-15 at
low and high temperatures.

Figure 9 show the N,O formation measured for the catalysts of Examples 10 and 12-15
at low and high temperatures.

Figure 10 show the NH3 slip measured for the catalysts of Examples 10 and 12-15 at low

and high temperatures.
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Claims

A catalyst for the selective catalytic reduction of NOx and for the cracking and conversion

of a hydrocarbon, comprising

(i) asubstrate 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;

(i)  acoating disposed on the surface of the internal walls of the substrate, said coating
comprising a platinum group metal, an 8-membered ring pore zeolitic material com-
prising one or more of copper and iron, and further comprising a 10- or more mem-
bered ring pore zeolitic material.

The catalyst of claim 1, wherein the coating (ii) further comprises a non-zeolitic oxidic ma-
terial comprising one or more of alumina, zirconia, silica, titania and ceria, preferably one
or more of alumina, zirconia and silica, more preferably one or more of alumina and zirco-
nia, more preferably alumina or zirconia.

The catalyst of claim 1 or 2, wherein the 8-membered ring pore zeolitic material comprised
in the coating (ii) has a framework type selected from the group consisting of CHA, AEI,
RTH, LEV, DDR, KFI, ERI, AFX, a mixture of two or more thereof and a mixed type of two
or more thereof, preferably selected from the group consisting of CHA, AEI, RTH, AFX, a
mixture of two or more thereof and a mixed type of two or more thereof, more preferably
selected from the group consisting of CHA and AEI, wherein the 8-membered ring pore
zeolitic material comprised in the coating (ii) more preferably has a framework type CHA.

The catalyst of any one of claims 1 to 3, wherein the 10- or more membered ring pore
zeolitic material comprised in the coating (ii) is a zeolitic material having a framework type
selected from the group consisting of FER, MFI, BEA, MWW, AFI, MOR, OFF, MFS, MTT,
FAU, LTL, MEI, MOR, a mixture of two or more thereof and a mixed type of two or more
thereof, preferably selected from the group consisting of FAU, FER, MFI, BEA, MWW,
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 FAU, FER, MFI, and BEA, wherein the
10- or more membered ring pore zeolitic material, preferably the 10- or 12-membered ring
pore zeolitic material, more preferably is a zeolitic material having a framework type FAU
or FER or MFI or BEA.

The catalyst of any one of claims 1 to 4, wherein the platinum group metal comprised in
the coating (ii) is palladium.

The catalyst of any one of claims 1 to 5, wherein in the framework structure of the 10- or
more membered ring pore zeolitic material comprised in the coating (ii), the molar ratio of
Si to Al, calculated as molar SiO3:AlLOs, is in the range of from 2:1 to 60:1.
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The catalyst of any one of claims 1 to 6, wherein the 10- or more membered ring pore
zeolitic material comprised in the coating (i) is a zeolitic material having a framework type
BEA, and wherein in the framework structure of said zeolitic material, the molar ratio of Si
to Al, calculated as molar SiO2:Al,Os3, is in the range of from 4:1 to 20:1, preferably in the
range of from 6:1 to 15:1, more preferably in the range of from 8:1 to 12:1; or

wherein the 10- or more membered ring pore zeolitic material comprised in the coating (ii)
is a zeolitic material having a framework type FER, and wherein in the framework struc-
ture of said zeolitic material, the molar ratio of Si to Al, calculated as molar SiO;:AlLO3, is
in the range of from 10:1 to 30:1, preferably in the range of from 15:1 to 25:1, more pref-
erably in the range of from 18:1 to 22:1.

The catalyst of any one of claims 1 to 7, wherein the 10- or more membered ring pore
zeolitic material comprised in the coating (i) is a zeolitic material having a framework type
FAU, and wherein, in the framework structure of said zeolitic material, the molar ratio of Si
to Al, calculated as molar SiO2:Al,Os3, is in the range of from 3:1 to 15:1, preferably in the
range of from 4:1 to 10:1, more preferably in the range of from 4:1 to 8:1; or

wherein the 10- or more membered ring pore zeolitic material comprised in the coating (ii)
is a zeolitic material having a framework type MFI, and wherein in the framework structure
of said zeolitic material, the molar ratio of Si to Al, calculated as molar SiO;:Al,Os, is in the
range of from 10:1 to 35:1, preferably in the range of from 20:1 to 32:1, more preferably in
the range of from 25:1 to 30:1.

The catalyst of any one of claims 1 to 8, wherein the 10- or more membered ring pore
zeolitic material comprised in the coating (ii) comprises one or more of iron, copper and a
rare earth element component, preferably one or more of iron and a rare earth element
component,

wherein the coating (ii) comprises the one or more of iron, copper and a rare earth ele-
ment component in an amount, calculated as the respective oxide, being preferably in the
range of from 1 to 20 weight-%, more preferably in the range of from 5 to 20 weight-%,
more preferably in the range of from 10 to 20 weight-%, based on the weight of the 10- or
more membered ring pore zeolitic material comprised in the coating (ii).

The catalyst of any one of claims 1 to 9, wherein the coating according to (ii) comprises,

preferably consists of,

(ii.1) aninlet coat comprising the platinum group metal and the 10- or more membered
ring pore zeolitic material; and

(ii.2) an outlet coat comprising the platinum group metal, a non-zeolitic oxidic material,
and the 8-membered ring pore zeolitic material comprising one or more of copper
and iron;

wherein the inlet coat (ii.1) extends over x % of the substrate axial length from the inlet

end towards the outlet end of the substrate according to (i), wherein x ranges from 20 to

80, preferably from 30 to 60, and
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wherein the outlet coat (ii.2) extends over y % of the substrate axial length from the outlet
end towards the inlet end of the substrate according to (i), wherein y ranges from 20 to 80,
preferably from 30 to 60.

The catalyst of claim 10, wherein the platinum group metal in the inlet coat (ii.1) is palladi-
um and the 10- or more membered ring pore zeolitic material in the inlet coat (ii.1) is a ze-
olitic material having a framework type BEA, wherein said zeolitic material preferably
comprises one or more of iron, copper and a rare earth element component, more prefer-
ably one or more of iron and a rare earth element component, more preferably iron; or

wherein the platinum group metal in the inlet coat (ii.1) is palladium and the 10- or more
membered ring pore zeolitic material in the inlet coat (ii.1) is a zeolitic material having a
framework type FAU, wherein said zeolitic material preferably comprises one or more of
iron, copper and a rare earth element component, more preferably one or more of iron
and a rare earth element component, more preferably a rare earth element component; or

wherein the platinum group metal of the inlet coat (ii.1) is palladium and the 10- or more
membered ring pore zeolitic material in the inlet coat (ii.1) is a zeolitic material having a
framework type MFI, wherein said zeolitic material preferably comprises one or more of
iron, copper and a rare earth element component, more preferably one or more of iron
and a rare earth element component, more preferably iron.

The catalyst of claim 10 or 11, wherein in the framework structure of the 8-membered ring
pore zeolitic material of the outlet coat (ii.2), the molar ratio of Si to Al, calculated as molar
Si02:AlL 04, is in the range of from 15:1 to 33:1, preferably in the range of from 15:1 to
20:1, or preferably in the range of from 25:1 to 33:1.

The catalyst of any one of claims 1 to 9, wherein the coating (ii) is a single coat.

The catalyst of claim 13, wherein in the framework structure of the 8-membered ring pore
zeolitic material of the coating (ii), the molar ratio of Si to Al, calculated as molar
Si02:AlL 04, is more preferably in the range of from 15:1 to 20:1.

The catalyst of any one of claims 13 or 14, wherein the weight ratio of the 8-membered
ring pore zeolitic material of the coating (ii) relative to the 10- or more membered ring pore
zeolitic material of the coating (ii) is in the range of from 2:1 to 15:1, preferably in the
range of from 3:1 to 12:1, more preferably in the range of from 5:1 to 9:1.

The catalyst of any one of claims 13 to 15, wherein the 8-membered ring pore zeolitic ma-
terial of the coating (ii) has a framework type CHA and the 10- or more membered ring
pore zeolitic material of the coating (ii) has a framework type BEA and comprises iron;

or
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wherein the 8-membered ring pore zeolitic material of the coating (ii) has a framework
type CHA and the 10- or more membered ring pore zeolitic material of the coating (ii) has
a framework type FAU and comprises a rare earth element component.

The catalyst of any one of claims 14 to 16, wherein the 8-membered ring pore zeolitic ma-
terial of the coating (ii) has a framework type CHA and the 10- or more membered ring
pore zeolitic material of the coating (ii) has a framework type MFI and comprises iron;

or

wherein the 8-membered ring pore zeolitic material of the coating (ii) has a framework
type CHA and the 10- or more membered ring pore zeolitic material of the coating (ii) has
a framework type FER.

Use of a catalyst for the selective catalytic reduction of NOx and for the cracking and con-
version of a hydrocarbon according to any one of claims 1 to 17 for the simultaneous se-
lective catalytic reduction of NOx and the cracking and conversion of a hydrocarbon.

An exhaust gas treatment system for treating an exhaust gas stream exiting a diesel en-
gine, said exhaust gas treatment system having an upstream end for introducing said ex-
haust gas stream into said exhaust gas treatment system, wherein said exhaust gas
treatment system comprises

(a) afirst catalyst having an inlet end and an outlet end, wherein said catalyst is a cata-
lyst according to any one of claims 1 to 17;

(b) asecond catalyst having an inlet end and an outlet end and comprising a coating
disposed on a substrate, wherein the coating comprises a platinum group metal
supported on a non-zeolitic oxidic material and further comprises one or more of a
vanadium oxide, a tungsten oxide and a zeolitic material comprising one or more of
copper and iron;

wherein the first catalyst according to (a) is the first catalyst of the exhaust gas treatment

system downstream of the upstream end of the exhaust gas treatment system and where-

in the inlet end of the first catalyst is arranged upstream of the outlet end of the first cata-
lyst;

wherein in the exhaust gas treatment system, the second catalyst according to (b) is lo-

cated downstream of the first catalyst according to (a) and wherein the inlet end of the

second catalyst is arranged upstream of the outlet end of the second catalyst.

A catalyst for the selective catalytic reduction of NOXx, for the cracking and conversion of a
hydrocarbon, and for the oxidation of ammonia, comprising

- a 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;

- a first coating disposed on the surface of the internal walls of the substrate, said coating
comprising a platinum group metal supported on a non-zeolitic oxidic material and further
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comprises one or more of a vanadium oxide, a tungsten oxide and a zeolitic material
comprising one or more of copper and iron;

- a second coating disposed on the first coating, said coating comprising a platinum group
metal, an 8-membered ring pore zeolitic material comprising one or more of copper and
iron, and further comprising a 10- or more membered ring pore zeolitic material.



PCT/EP2022/061133

WO 2022/229237

1/10

Figure 1

oo0pt

e 1RE TR 1

000¢L 0000t 0008 0009

ooor

000e

1SAJE1ED BUO 13A0 [T-4Y] AG meee

00007

onoor

00003

00008

00000t

Qoo0ZE

[t-14]l As




WO 2022/229237 PCT/EP2022/061133
2/10

Figure 2

14000

-
12000

10000

E.O. NOx [ppm]

6000

TestTime, min

4000

2000

bﬂ
s 5 8 °

{widd) sue?ss;wa

800
700
600

00
400




WO 2022/229237 PCT/EP2022/061133
3/10

Figure 3

16000

14000

12000

10000

Test Time, sec

HC Injection Flow [g/m)]
8000

6000

[rl'

2000

35
30

L o n o= L &
™ ~ =4 o

w/8 ‘ayeimold OH




PCT/EP2022/061133

WO 2022/229237

4/10

Figure 4

nooel

285 ‘awi]isal
0000T 0008 0009 000t 0007

WJIBYJOXd ON

WwiaylOoxXe ON

uwsyjoxe |jews | X3 "dwon

[2.] z 1sAje3eD pulyeq ssnjesadwia) - - —

114

0ot

o]
L
faa]

2
o
{38ap] aunjesadway

134

005




PCT/EP2022/061133

WO 2022/229237

5/10

Figure 5

00091

385 ‘a5l
000P1 000<T 0000t ooog 0009 000y 000¢

WIBYIOXD [[EWS

WwiayjoxXs slog

wisyjoxe pajebie| 7 odwex3

[5.] Z 1sAjeIR) pUIYaq aunjesadwa] —
[2.] T 1AIR1IRD PUNRg aumesadwa) - - =[D,] T 15AjRIRD jO JUOIY U BunjesRdWa )

052

{o8ep] sumesadwiag

005




PCT/EP2022/061133

WO 2022/229237

6/10

Figure 6

385 "BUyI5e L

(e

Qe

| ‘X3 ‘dwo)

[wdd] z 1sAjee) 3sod dijs JH ——

[wdd] T 3sAje3e) 3sod dijs JH- - —

TR

fusd] uepeiuasHeY 1

HiE




PCT/EP2022/061133

WO 2022/229237

7/10

Figure 7

(UL

@5 Busise]

QOos

nos oot

g

i S, ¥

~icdiiipwv—

[wdd] z 1sAjeie) 3sod dijs OH ——

[wdd] T 1sAjered 3sod dijS IH - - —

- 0305

0001

0051

0007

005z

000E

00sg

oo

005y

(wdd) uojzeszuazuo) JH




PCT/EP2022/061133

WO 2022/229237

8/10

Figure 8

[D.] L UIDdW

J.00¢C

¢ ajdwexy

o
a

Gl

[dwexg = ¢
&mem_g

dwexgm

9]
ajdwexy

b
b

06
16

26

€6 o
76
g6
96
L6
86
56
00l

[%] XON3




PCT/EP2022/061133

WO 2022/229237

9/10

Figure 9

-

-

[D.]1 L u1odin

¢l ajdwexs

G} ojdwiexy =l ojdwexym
z1 ojdwexg = oL ajdwexy

oV

[wdd] aqen OzZN




PCT/EP2022/061133

WO 2022/229237

10/10

Figure 10

J.08¢

[D.] L uiDdin

3,002

¢l ojdwexy

Gl 9jdwexy =y ajdwexym

” I
ZL ojdwexg u g ojdwexzy

ol
0c 2
og &
ov S
052
09 =
0L
08




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2022/061133

A. CLASSIFICATION OF SUBJECT MATTER
INV. B01J29/80 B01D53/94

ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B01J BO1D

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2016/205509 Al (JOHNSON MATTHEY PLC 1-20

[GB]; LU JING [US])

22 December 2016 (2016-12-22)

claims; examples
A WO 2019/211277 Al (BASF CORP [US]; BASF SE 1-20

the whole document

[DE]) 7 November 2019 (2019-11-07)

I:‘ Further documents are listed in the continuation of Box C.

‘z‘ See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance;; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance;; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

18 August 2022

Date of mailing of the international search report

26/08/2022

Name and mailing address of the ISA/
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

Schoofs, Bart

Form PCT/ASA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2022/061133
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2016205509 Al 22-12-2016 CN 107847924 A 27-03-2018
DE 102016111150 Al 22-12-2016
EP 3310479 A1 25-04-2018
GB 2543601 A 26-04-2017
JP 6916117 B2 11-08-2021
JP 2018526191 A 13-09-2018
JP 2021176633 A 11-11-2021
KR 20180036698 A 09-04-2018
RU 2018101716 A 18-07-2019
Us 2016367975 Al 22-12-2016
WO 2016205509 A1 22-12-2016

WO 2019211277 Al 07-11-2019 CN 112055612 A 08-12-2020
EP 3787789 Al 10-03-2021
JP 2021523821 A 09-09-2021
KR 20210005703 A 14-01-2021
Us 2021170366 Al 10-06-2021
WO 2019211277 Al 07-11-2019

Form PCT/ASA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - claims
	Page 71 - claims
	Page 72 - claims
	Page 73 - claims
	Page 74 - claims
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - drawings
	Page 83 - drawings
	Page 84 - drawings
	Page 85 - wo-search-report
	Page 86 - wo-search-report

