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Cu-CHA/Fe-BEA mixed zeolite catalyst and process for the treatment of NO, in gas
streams

TECHNICAL FIELD

The present invention relates to a catalyst which is preferably for use in selective catalytic
reduction (SCR}), as well as 1o an exhaust gas treatment system comprising said catalyst,
and {o a process for the treatment of a gas stream comprising NO.. In particular, the present
invention is concerned with a method of catalyzing the reduction of nitrogen oxides, and
especially with the selective reduction of nitrogen oxides with ammonia in the presence of
oxygen, using metal-promoled zeolite catalysis.

BACKGROUND

The emissions present in the exhaust gas of a motor vehicle can be divided into two groups.
Thus, the term "primary emission® refers to poillutant gases which form directly through the
combustion process of the fuel in the engine and are already present in the unfreated
emission before it passes through an exhaust gas treatment system. Secondary emission
refers fo those poliutant gases which can form as by-products in the exhaust gas treatment

system.

The exhaust gas of lean engines comprises, as well as the customary primary emissions of
carbon monoxide CO, hydrocarbons HC and nitrogen oxides NO,, a relatively high oxygen
content of up to 15% by volume. In the case of diesel engines, there is additional particulate
emission in addition o the gaseous primary emissions, which consists predominantly of soot
residues, with or without organic agglomerates, and originates from partially incomplete fuel
combustion in the cylinder.

in diesel engine applications, the use of specific diesel particulate filters is unavoidable for
the removal of the particulate emissions. Furthermore, complying with the emissions limits
prescribed by legisiation in Europe and the United States requires nitrogen oxide removal
from the exhaust gas {"denitrification”). Thus, although carbon monoxide and hydrocarbon
pollutant gases from the lean exhaust gas can easily be rendered harmiess by oxidation over
a suitable oxidation catalyst, the reduction of the nitrogen oxides fo nitrogen is much more
difficult owing to the high oxygen content of the exhaust gas stream.
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Known methods for removing nitrogen oxides from exhaust gases are firstly methods using
nitrogen oxide storage catalysis (NSCs) and secondly methods for selective catalylic
reduction (SCR) by means of ammonia over a suitable catalyst, SCR catalyst for short.

The cleaning action of nitrogen oxide storage catlalysts is based on the nitrogen oxides being
stored in a lean operating phase of the engine by the storage material of the storage catalyst,
predominantly in the form of nitrates. When the slorage capacily of the NSC is exhausted,
the catalyst has o be regenerated in a subsequent rich operating phase of the engine. This
means that the nitrates formed beforehand are decomposed and the nilrogen oxides
released again are reacted with the reducing exhaust gas components over the slorage

catalyst to give nitrogen, carbon dioxide and water,

Since the implementation of a rich operating phase in diesel engines is not straightforward
and the establishment of the rich exhaust gas conditions required for regeneration of the
NSC frequently entails auxiliary measures such as fuel postinjection into the exhaust gas
fine, the alternative SCR method is preferably used for denitrification of diesel motor vehicle
exhaust gases. In this method, according to the engine design and construction of the
exhaust gas system, a distinction is made belween "active” and "passive” SCR methods,
"passive” SCR methods involving use of ammonia secondary emissions generated
deliberately in the exhaust gas system as a reducing agent for denitrification.

For example, US 6,345,498 B1 describes a method for cleaning engine exhaust gases, in
which repeatedly alternating lean and rich airffuel mixtures are estabiished and the exhaust
gas thus produced is passed through an exhaust gas system which comprises, on the inflow
side, a catalyst which converts NO, to NH; only under rich exhaust gas conditions, while a
further catalyst arranged on the outflow side adsorbs or stores NO, in the lean exhaust gas,
and releases it under rich conditions, such that it can react with NHa generaled by the inflow-
side catalyst to give nitrogen. As an alternative, according to US 6.345,406 B1, an NH;
adsorption and oxidation catalyst may be arranged on the outflow side, which stores NH;
under rich conditions, desorbs it under lean conditions and oxidizes it with oxygen to give
nitrogen and water. Further disclosures of such methods are known. Like the use of the
nitrogen oxide slorage catalysts. however, such "passive” SCR methods have the
disadvantage that one of their essential constituents is the provision of rich exhaust gas
conditions, which are generally required for in situ generation of ammonia as a reducing
agent.
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Compared to this, in "aclive” SCR methods, the reducing agent is melered into the exhaust
gas line from an addifion lank carried in the vehicle by means of an injection nozzle. Such a
reducing agent used may, apart from ammonia, also be a compound readily decomposable
to ammonia, for example urea or ammonium carbamaie. Ammonia has {0 be supplied to the
exhaust gas at least in a stoichiometric ralio relative to the nitrogen oxides. Owing 1o the
greaily varying operation conditions of the motor vehicles, the exact metered addition of the
ammonia is not straightforward. This leads in some cases 1o considerable ammonia
breakthroughs downstream of the SCR catalyst. To prevent secondary ammonia emission,
an oxidation catalyst is usually arranged downstream of the SCR catalyst, which is intended
to oxidize ammonia which breaks through fo nitrogen. Such a catalyst is referred fo
hereinafter as an ammonia slip catalyst.

To remove particulate emissions from the exhaust gas of diesel motor vehicles, specific
diesel particulate filters are used, which may be provided with an oxidation calalyst-
containing coating to improve their properties. Such a coaling serves to lower the activation
energy for oxygen-based particulate bumoff {soot combustion) and hence to lower the soot
ignition temperature on the filter, 10 improve the passive regenerafion performance by
oxidation of nitrogen monoxide present in the exhaust gas to nitrogen dioxide, and to

suppress breakthroughs of hydrocarbon and carbon monoxide emissions.

If compliance with legal emissions standards requires both denitrification and removal of
particulates from the exhaust gas of diesel motor vehicles, the described measures for
removing individual poliutant gases are combined in a corresponding conventional exhaust
gas system by connection in series. For example, WO 98/39809 describes an exhaust
afterfreatment system wherein an oxidation catalyst for oxidation of NO in NO; to NO,, a
particulate filter, a metering unit for a reducing agent and an SCR catalyst follow on each
other. To prevent ammonda breakthroughs, an additional ammonia slip catalyst is generally
required downstream of the SCR catalyst, and continues the series of catalysts on the
outflow side of the SCR catalyst.

in this respect, both synihelic and natural zeoltes and their use in promoting certain
reactions, including the selective reduction of nitrogen oxides with ammonia in the presence
of oxygen, are well known in the art. Zeolites are aluminosilicate crystalline materials having
rather uniform pore sizes which, depending upon the type of zeolile and the type and amount
of cations included in the zedlile latlice, may range from about 3 to 10 angstroms in diametar.
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EP 1 961 933 A1, for example, relates to a diesel particulate filter for treating exhaust gas
comprising a filter body having provided thereon an oxidation calalyst coating, an SCR-active
coating, and an ammonia storage material. Among the materials which may be used as the
catalytically aclive component in the SCR reaction, said document mentions the use of
zeolites selected from beta zeolite, Y-zeolite, faujasite, mordenite and ZSM-5 which may be
exchanged with iron or copper.

EP 1 147 801 A1, on the other hand, relates to a process for reducing nitrogen oxides
present in a lean exhaust gas from an internal combustion engine by SCR using ammonia,
wherein the reducfion catalyst preferably contains ZSM-5 zeolite exchanged with copper or
iron. Baid document further concemns an SCR catalyst having a honeycomb substrate and
deposited thereon a coaling containing Z5M-5 zeolite exchanged with iron.

EP 2 123 614 AZ for its part concerns a honeycomb structure containing zeolites and an
inorganic binder. In particular, a first zeolite included in said structure is ion-exchange with a
metal including Cu, Mn, Ag, and V, and a second zeolite is further included which is
exchanged with a metal including Fe, Ti, and Co. Regarding the types of zeolites used for the
first and second zeolite, these include zeclite beta, zeolite Y, ferrierite, Z8M-5 zeolite,

mordenite, fayjasite, zeclite A, and zeclite L.

US 7,332,148 B2 describes a siabilized aluminosilicate zeolite containing copper or iron,
wherein the siabilized zeolite includes Z8M-5, Z8M-8, ZBM-11, Z8M-12, zeolite X, zeolite Y,
7zeolite beta, mordeniie, and erionite,

WO 2008/106519 A1 describes a zeolite having the CHA crystal structure and containing
copper. Said document also discusses the use of such an ion-exchanged zeolite as an SCR
catalyst.

EP 1 579 911 Al discloses an exhaust gas purifying catalyst and a method fur purifying
exhaust gas including reducing nitrogen oxides wherein the catalyst component includes
Z8M-5 and zeolite beta onto both of which copper has been deposited.

US 2003710143141 A1 relates to a method for the removal of NO, and N0 from process and
waste gases, wherein the catalysis used therein contain one or more iron-loaded zeolites,
whersin the iron loaded zeclites are preferably of the types MFI, BEA, FER, MOR, and/or
MEL.
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Finally, WO 2004/047960 A1 concerns a method for the preparation of muitimetalliic zeolite
catalysts for N)O abatement, wherein the catalyst contains isomorphously sublituted iron,

and wherein the zeolite catalyst has a structure analogous to MFI and/or BEA.

Accordingly, the prior art relates an awareness of the ufility of metfal-promoted zeolite
catalysts Including, among others, iron-promoted and copper-promoted zeolite catalysts, in
particular for the selective catalytic reduction of nitrogen oxides with ammaonia.

Presently, however, increasingly strict legislature with respect to emissions, and in particular
regarding motor vehicle exhaust gas emissions, requires improved calalysis and exhaust
treatment systems using such catalysts for the treatment thereof. Thus, exhaust gas
emission legislation in the European Union for exhaust gas emission stage Ewo 6 now
requires reduction of NO, emissions for most passenger cars powered by diesel engines. For
this purpose, exhaust gas emissions are tested using the New European Driving Cycle
(NEDC), also referred to as the MVEG (Motor Vehicle Emissions Group) cycle, which is laid
down in European Union Directive 70/220/EEC. One way of meeting this requirement
includes the application of SCR catalyst technology fo the exhaust gas systems of the
vehicles in question.

As opposed to the old European driving cycle (ECE-15) driving cycle, a particular feature of
the NEDC is that it infegrates a so-called extra-urban driving cycle, such that testing may
betier represent the typical usage of a car in Europe, and, accordingly, the typical emission
patiern linked thereto. More spedcifically, in the NEDC, the old European driving cycle ECE-18
is performed in the time period of 0 to 800 seconds, after which the extra-urban driving cycle
is conducted in the time period up to 1200 seconds,

it is therefore the object of the present invention 1o provide an improved catalyst, in particular
for use in selective catalytic reduction, wherein said catalyst is, for example, betler adapted
to the actual emission conditions encountered in motor vehicle use, such as for example

those encounterad in the NEDC.

DESCRIPTION

in this respect, it has surprisingly been found thal according to the present inveniion as
outlined in the following, an improved catalyst may be provided. In particular, it has
unexpeciedly been found that a catalyst comprising zeclites of both the BEA and of the CHA
structure type, wherein the BEA-type zeolites conlain iron and the CHA-type zeolites contain
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copper, display dlearly improved catalytic propsriies, in parficular when used in SCR
applications.

Thus, the present invention relates fo a calalyst, preferably for use in selective calalytic
raduction (SCR), said catalyst comprising

one or more zeolites of the BEA structure type,

one or more zeolites of the CHA structure type, and oplionally

one or more zeolites of the MF1 structure type,

wherein at least part of the one or more zeolites of the BEA structure type contain iron (Fe),
wherein at least part of the one or more zeolites of the CHA siructure type contain copper
(Cu), and

wherein at east part of the optional one or more zeolites of the MF1 structure type contain
iron {Fe}.

Within the meaning of the present invention, the term “sslective calalylic reduction”
abbreviated as "SCR" refers 1o any catalylic process involving the reaction of nifrogen oxides
NOy with a reductant. In particular, SCR refers to reduction reactions, wherein NO, is
transformed 1o a reduction product thereof, which is preferably N, Regarding the term
“reductant”, said term refers to any suitable reducing agent for the SCR process, wherein
preferably ammonia andfor any ammonia precursor such as urea and/or ammonium
carbamate is preferred, urea being preferably comprised in the ammonia precursor. Even
more preferably, the term “reductant” refers to ammonia. The term “reductant” may, however,
further inciude hydrocarbons and/or hydrocarbon derivatives such as  oxygenaled
hydrocarbons, such as for example those which may be found in motor vehicle fuels and/or
in motor vehicle exhaust gas, in particular in diesel fuel and/or diesel exhaust gas.

According to the present invention. any concelvable zedlite of the BEA or of the CHA
structure lype may be used, respectively, provided that it displays the typical structural
characteristics of that struclure-type. With respect to the one or more zeolites of the BEA
structure, these may for example comprise one or more zeolites selacied from the group
consisting of Beta, [B-Si-O}BEA, [Ga-Si-0}-BEA, [Ti-Si-OFBEA, Alvich beta, CIT-6,
Tschemichite, pure silica beta and mixtures of two or more thereof. According fo preferred
embodiments of the present invention, the one or more zeolites of the BEA structure type
include zeolite Beta,

Concerning the one or more zeolites of the CHA structure, these may comprise ong or more
zeclites selected from the group consisting of chabazite, AP, [Al-As-QO]-CHA, [Co-Al-P-OF
CHA, [Mg-Al-P-0}-CHA, [8i-O1-CHA, [Zn-Al-P-O}CHA, [Zn-As-0O}-CHA, [Col[Be-P-O]-CHA,
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ILEENal[ALSI-ORCHADO-34, CoAPO-44, CoAPO-47, DAF-5, Dehydrated Na-Chabazite,
(aP0-34, K-Chabazite, LZ-218, Linde 1), Linde R, MeAPQO-47, MeAPS0O-47, Nildeta),-UT-6,
Phi, SAPQO-34, SAPO-47, §57Z-13, 88Z-62, Ui0-21, Willhendersonite, ZK-14, ZYT-6, and
mixtures of two or more thereof. According to preferred embodiments of the present
invention, the one or more zeolites of the CHA slructure type comprise one or more zeolites
selected from the group consisting of chabazite, 882~ 13, LZ-218, Linde D, Linde R, Phi, ZK-
14, and ZYT-6, and mixtures of two or more thereof, whergin more preferably, the one or
more zeolites of the CHA structure type include chabazite.

Furthermore, with respect to particular embodiments of the present invention further
comprising one or more zeolites of the MFI structure type, any conceivable zeolite of the MFI
structure type may be used, provided that it displays the typical structural characterstics of
that structure type. Thus, by way of example, the one or more zeolites of the MF structure
type optionally contained in the inveniive calalyst may comprise one or more zeolites
selected from the group consisting of Z85M-5, [As-Si-OFMF, [Fe-Si-O-MFL, [Ga-Si-0)-MFI
AMSE-18B, AZ-1, Bor-C, Borglite C, Enciliie, FZ-1, LZ-105, Monaclinic H-Z85M-5, Mutinalte,
NU-4, NU-5, Silicalite, TS-1, TSZ, TSZ-H, TZ-01, USC-4, USK108, ZBH, ZKQ-1B, ZMQ-TB,
organic-free ZSM-5, and mixtures of two or more thereof According to preferred
embodiments of the present invention, the one or more zeolites of the MFI structure type
include £5M-5.

According o alternative embodiments of the present invention which are further preferred,
however, the inventive catalyst does not comprise one or more zeolites of the MFI structure

type.

According to embodiments of the present invention which are further preferred, the one or
more zeolites of the BEA structure type include zeolite Beta and the one or more zeolites of
the CHA structure type comprise one or more zeolites selected from the group consisting of
chabazite, 88Z- 13, LZ-218, Linde D, Linde R, Phi, ZK-14, and ZYT-6, and mixiures of two or
maore thereof, wherein even more preferably, the one or more zeolites of the BEA structure
fype include zeolite Bela and the one or more zeolites of the CHA struclure type include
chabazite. According to particularly preferred embodiments, the one or more zeolites of the
BEA structure type is zeolile Beta and the one or more zeolites of the CHA structure type is
chabazite.

Furthermore, according 1o particular embodiments of the present invention further comprising
one or more zeolites of the MF1 structure type, itis yet further preferred that the one or more
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zeolites of the BEA struclure type include zeolite Beta, that the one or more zeolites of the
CHA structure type comprise one or more zeolites seiected from the group consisting of
chabazite, $82- 13, LZ-218, Linde D, Linds R, Phi, ZK-14, and ZYT-6, and mixiures of two or
more thereof, and that the one or more zeolites of the MF! structure type include ZSM-5.
More preferably, the one or more zeoliles of the BEA structure type include zeolite Bela, the
one or more zeolites of the CHA structure type include chabazite, and the one or more
zeolites of the MFI structure type include Z8M-5. According 1o particularly preferred
smbodiments thereof, the one or more zeolites of the BEA structure type is zeolite Bela, the
one or morg zeolites of the CHA structure type is chabazite, and the one or more zeolites of
the MFI structure type is ZSM-5.

According to the present invention, at least part of the one or more BEA-type zeolites contain
iron and at least part of the one or more CHA-type zeolites contain copper. Furthermore, at
least part of the optional one or more MFi-iype zeolites confain iron. It is, however, not
excluded according to the present invention that the cafalyst comprising one or more BEA-
type zeolites at least partially containing iron and one or more CHA-lype zeolites at least
partially containing copper further comprises one or more MFl-type zeolites which does not
contain ron. According to preferred embodiments of the present invention, however, one or
more MFi-type zeolites optionally contained in the inventive catalyst preferably at least
partially contain iron.

With respect o the iron contained in at least part of the one or more BEA-type zeolites and
the copper contained in at least part of the one or more CHA-type zeolites, as well as the iron
contained in the one or more MFl-type zeclites oplionally contained in the inventive catalyst,
said metals may respectively be contained therein in any conceivable fashion and in any
concelvable state. Thus, according to the present invention, there is no particular limitation
with respec! to the oxidation state of ron and copper contained in the calalyst, nor with
respect fo the way in which they are contained in the respective type of zedlite. Preferably,
however, iron and/or copper, and more preferably both iron and copper, respectively display
a positive state of oxidation in the respective zeclite. Furthermore, iron and/or copper may be
contained on the zeolite surface andfor within the porous structure of the respective zedlile
framework. Alternatively or in addition 10 being supporied on the zeolite surface and/or within
the porous structure thereof, iron andior copper may be included in the zeolite framework, for
example by isomorphous subsiitution. According to preferred embodiments, the iron andfor
copper, and more preferably both iron and copper, are supported on the respective zeolite
surface and/or within the porous structure thereof, and even more preferably both on the
respective zeolite surface and within the porous structure thereof. According to particularly
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preferred embodiments of the present invention, both iron and copper are respectively
contained In at least part of the one or more zeglites of the BEA, CHA, and optional MFI
structure type in a positive oxidation state, wherein said iron and copper is supported on the
surface of the respeclive zeolite, including being contained within the porous structure
thereof,

The catalyst according fo the present invention may comprise the one or more zeoliles of the
BEA structure type and the one or more zeolites of the CHA slructure type in any
concelvable weight ratio, wherein it is preferred that the weight ratio of the one or more
zeolites of the BEA struclure type 1o the one or more zeoliles of the CHA structure type
ranges from 0.1 to 10, preferably from 0.2 to 7, more preferably from 0.3 0 4, more
preferably from 0.35 fo 2, more preferably from 0.4 1o 1, more preferably from 0.45 to 0.5,
and even more preferably from 0.47 to 0.48. According to particularly preferred embodiments
of the present invention, the weight ratio of the BEA-type zedlites to the CHA-type zeclites is
about 0.475.

Furthermore, according to particular embodiments of the present invention further containing
one or more zeolites of the MF! structure type in the inventive catalyst, any conceivable
weight ratio of said one or more zeolites of the MF! structure type to the one or more zeolites
of the CHA structure type and/or to the one or more zeolites of the BEA structure type may
be used. According to the present invention it is however preferred that the ratio of the total
weight of the one or more zeclites of the BEA structure type and of the one or more zeolites
of the MFI structure type 1o the weight of the one or more zeolites of CHA structure type
ranges from 0.1 to 10, preferably from 0.2 to 7, more preferably from 0.3 fo 4, more
preferably from 0.35 to 2, more preferably from 0.4 to 1, more preferably from 0.45 10 0.5,
and even more preferably from 0.47 to 0.48. According to particularly preferred embodiments
of the present invention, the ratio of the combined weight of the BEA- and MFl-type zedlites
o the CHA-lype zeolites is about 0.475.

Thus, according to the present invention, i is preferred that the weight ratio of the one or
more zeclites of the BEA struclure type to the one or more zeolites of the CHA structure
type, or

if the catalyst comprises one or more zeclites of the MF! structure type, then the ratio of the
total weight of the one or more zeolites of the BEA structure type and of the one or more
zeolites of the MF1 structure type to the weight of the one or more of the zeolites of the CHA
structure type,
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ranges from 0.1 to 10, preferably from 0.2 1o 7, more preferably from 0.3 10 4, more
preferably from 0.35 o £, more preferably from 0.4 1o 1, more prefarably from 0.45 to 0.5,
and even more preferably from 0.47 10 0.48.

According fo the present invention, it is preferred that the one or morg zeolites of the BEA
structure type and/or the one or more zeoliles of the CHA structure type respectively
comprise both Al and 3i in their frameworks, whersin it is more preferred that both the
zeolites of the BEA structure type and the zeolites of the CHA structure type respectively
comprise both Al and Si in their frameworks. Furthermore, according fo particular
embodiments of the present invention wherein one or more zeolites of the MFi structure type
is further contained in the inventive catalyst, it is preferred that said one or more zeolites
comprise both Al and 3i in their frameworks, wherein It is particularly preferred according o
said embodiments that the one or more zeolites of the CHA, BEA, and MF structure types
respectively comprise both Al and Si in their respective frameworks.

Thus, according to the present invention, it is preferred that one or more of the zeolites, and
more preferably all of the zeclites, comprise both Al and 5t in their respective zeolite
frameworks,

With respect o embodiments of the present invention whersin one or more of the zeolites
comprise both Al and Si in their respective frameworks, said zeolites may in principle display
any possible ratio of Al 1o 5i. In embodiments of the present invention wherein one or more
zaolites of the BEA struclure type comprise both Al and S in thelr framework, It is however
preferred that the molar ratio of silica to alumina (S8AR) in the one or more zeolites of the
BEA structure type ranges from § to 180, more preferably from 158 to 100, more preferably
from 20 to 50, more preferably from 23 o 30, and sven more preferably from 25 to 27,
Furthermore, in embodiments of the present invention whereln one or more zeolites of the
CHA structure type comprise both Al and 51 in thelr framework, it is preferred that the SAR in
the one or more zeolites of the CHA structure type ranges from 5 fo 100, preferably from 10
to 70, more preferably from 20 to 55, more preferably from 25 to 35, and even more
preferably from 28 to 32. According to particularly preferred embodiments of the present
invention wherein one or more zeolites of both the BEA and the CHA structure type
respectively comprise Al and Si in their framework, it is further preferred that the SAR In the
one or more BEA-type zeolites ranges from 5 1o 180, and the one or more CHA-{ype zeglites
ranges from 5 to 100, more preferably that the BAR in the one or more BEA-type zeolites
ranges from 15 to 100, and the one or more CHA-type zeclites ranges from 10 to 70, more
preferably that the SAR in the one or more BEA-type zeolites ranges from 20 to 50, and the
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one or more CHA-type zeolites ranges from 20 to 55,more preferably that the SAR in the one
or more BEA-type zeolites ranges from 23 to 30, and the one or more CHA-type zeolites
ranges from 25 to 35, and even more preferably that the SAR in the one or more BEA-type
zeolites ranges from 25 to 27, and the one or more CHA-type zeolites ranges from 28 to 32.

Furthermore, according to preferred embodiments of the present invention wherein the
inventive catalyst further comprises one or more zeolites of the MFI structure type comprising
Al and Si in their framework, said zeolites may in principle display any possible ratio of Al to
Si Thus, by way of example, the silica to alumina (SAR) ratio in the one or more zeolites of
the MFI structure type may range anywhere from 5 to 150, wherein It is preferred that the
SAR ranges from 15 to 100, more preferably from 20 to 50, more preferably from 23 fo 30,
and sven more preferably from 25 to 27. Furthermore, according to particularly preferred
embodiments thereof wherein the both the MF! and BEA structure type respectively comprise
Al and 5i in their framework, the SAR of the one or more zeolites of the BEA structure type
preferably ranges from 5 to 200, more preferably from 15 to 150, more preferably from 25 to
60, more preferably from 35 to 45, and even more preferably from 38 to 42. According to said
particularly preferred embodiments it is yet further preferred that the SAR in the one or more
BEA-type zeolites ranges from 5 1o 200, and the one or mare MFi-ype zeolites ranges from
5 to 150, more preferably that the SAR in the one or more BEA-type zeolites ranges from 15
to 150, and the one or more MF-type zeolites ranges from 15 to 100, more preferably that
the SAR in the one or more BEA-type zeolites ranges from 25 1o 60, and the one or more
MFi-type zeolites ranges from 20 to 50, more preferably that the SAR in the one or more
BEA-type zeolites ranges from 35 to 45, and the one or more MFi-ype zeolites ranges from
23 to 30, and even more preferably that the SBAR in the one or more BEA-type zeoliles
ranges from 38 1o 42, and the one or more Mi-ype zeolites ranges from 25 to 27,

Therefore, according to parficular and preferred embodiments of the present invention
wherein the calalyst comprises one or more zeolites of the MF! structure type, it is further
preferred according to the present invention that the molar ratio of silica to alumina (SAR) in
the one or more zeolites of the BEA structure type ranges from 5 to 200, more preferably
from 15 to 150, more preferably from 25 to 80, more preferably from 35 to 45, and even more
preferably from 38 fo 42.

Regarding the iron contained in the BEA- and optlional MFi-type zeolites and the amount of
copper coniained in the CHA-type zeolites, there is no particular limitation according to the
present invention as fo their respective amounts. it is, however, preferred according to the
present invention, that the amount of ron {(Fe) in the one or more zedlites of the BEA
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structure type is comprised in the range of from 0.05 o 15 wt.-% based on the weight of said
one or more zeolites of the BEA structure type, wherein more preferably the amount of Fe
ranges from 0.1 1o 10 wi-%, more preferably from 0.5 10 7 wi-%, more preferably from 110 8
wt.-%, more preferably from 1.5 to 3 wt-%, more preferably from 2 {o 2.8 wi-%. more
preferably from2.2 fo 2.6 wi-%, and even more preferably from 2.3 to 2.55 wt-%.
Furthermore, it is preferred according to the present invention that the amount of copper (Cu)
in the one or more zeolites of the CHA sfructure type ranges from 0.05 to 20 wt.-% based on
the weight of said one or more zeolites of the CHA structure type, whergin more preferably
the amount of Cu ranges from 0.1 to 15 wi.-%, more preferably from 0.5 to 10 wt.-%, more
preferably from 110 7 wit.-%, more preferably from 1.5 to 5 wi.-%, more preferably from 2 to
4 wt.-%, more preferably from 2.5 o 3.5 wt.-%, more preferably from 2.7 to 3.3 wi.-%, more
preferably from 2.9 to 3.1 wt.-%,

According to particularly preferred embodiments of the present invention, the amount of iron
in the one or more BEA-type zeolites ranges from 0.05 to 15 wt.-%, and the amount of
copper in the one or more CHA-type zeolites ranges from 0.05 to 20 wt.-%, wheregin more
preferably the amount of iron in the one or more BEA-type zeolites ranges from 0.5 to 7 wi.-
%, and the amount of copper in the one or more CHA-type zeolites ranges from 0.5 1o 10 wi.~
%, more preferably the amount of iron in the one or more BEA-type zeclites ranges from 1.5
to 3 wt.-%, and the amount of copper in the one or more CHA-type zeolites ranges from 1.5
to 5 wt.-%, more preferably the amount of iron in the one or more BEA-type zeolifes ranges
from 2.2 to 2.6 wi.-%, and the amount of copper in the one or more CHA-lype zeolites ranges
from 2.5 to 3.5 wl.-%, and even more preferably, the amount of iron in the one or more BEA~
type zeolites ranges from 2.3 o 2.55 wi.-%, and the amount of copper in the one or more
CHA-type zeolites ranges from 2.9 to 3.1 wit.-%.

Furthermore, according to particutar embodiments of the present invention whergin the
inventive catalyst further coniains one or more zeolites of the MFI structure type, it is
preferred that the average amount of iron (Fe) in the one or more zeolites of the BEA
structure type and the one or more zeolites of the MFI structure type is comprised in the
range of from 0.05 to 15 wt.-% based on the wsight of said ong or more zeolites, wherein
more preferably the amount of Fe ranges from 0.1 to 10 wi.-%, more preferably from 0.510 7
wt.-%, more preferably from 1 fo 5 wi-%, more preferably from 1.5 to 3 wi.-%, more
preferably 2 t0 2.8 wi-%, more preferably from 2.2 to 2.6 wi-%, and even more preferably
from 2.3 to 2.55 wt.-%. In particular, within the meaning of the present invention, the average
amount of iron in the one or more zeolites of the BEA and MFI structure types designates the
amount of iron contained in total in the one or more zeolites of both the BEA and MFI
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structure types based on the fotal weight of the one or more zeoliles of both the BEA and
MF1 structure types.

Thus, according to preferred embodiments of the present invention, the amount of Fe in the
one or more zeolites of the BEA struclure type, or

if the catalyst comprises ons or more zeoliles of the MF! struclure type, then the average
amount of Fe in the one or more zeclites of the BEA struciure type and in the one or more
zeolites of the MF! structure type,

ranges from 0.05 1o 15 wi-% based on the welight of said one or more zeolites, wherein
preferably the amount of Fe ranges from 0.1 1o 10 wi-%, more preferably from 0.5 to 7 wi.-
%, more preferably from 1 to 5 wt.-%, more preferably from 1.5 to 3 wt.-%, more preferably 2
to 2.8 wt.-%, more preferably from 2.2 to 2.6 wt-%, and even more preferably from 2.3 to
2.55 wt.-%.

According to particular and preferred embodiments of the present invention wherein the
catalyst comprises one or more zeolites of the MF! structure type at least partly containing
iron, there is no particular restriction as to the amount of iron respectively contained in the
MFi- and BEA-type zeolites, in particular with respect to the distribution of the total amount of
iron coniained in both the MFl- and BEA-type zeolites among said MFi- and BEA-type
zeolites. Thus, by way of example, according to said particular and preferred embodiments
the amount of iron contained in the one or more zeolites of the BEA structure type may range
anywhere from (.01 to 10 wt.-% based on the weight of said one or more zeolites of the BEA
structure type and the amount of iron in the one or more zeollies of the MFI structure type
ranges from 0.1 to 15 wi.-% based on the weight of said one or more zeglites of the MF!
structure type. According 1o the present invention it is however preferred that the amount of
iron contained in the one or more zeolites of the BEA structure type ranges from 0.05 to 7
wt.-%, and the one or more zeolites of the MFI structure type ranges ranges from 0.5 {o 10
wt.-%, more preferably that the one or more zeolites of the BEA structure type ranges from
0.1 to 5 wi.-%, and the one or more zeolites of the MFI structure type ranges ranges from 1.0
to 7.0 wt.-%, more preferably that the one or more zedlites of the BEA structure type ranges
from 0.5 fo 2 wt.-%,and the one or more zeolites of the MFI structure type ranges ranges
from 2.5 to 5.5 wt.-%, more preferably that the one or more zeolites of the BEA structure type
ranges from 1 to 1.8 wi.-%, and the one or more zeoliles of the MF! structure type ranges
ranges from 3.5 to 4.2 wt.-%, and even more preferably that the one or more zeolites of the
BEA structure type ranges from 1.2 to 1.4 wi.-% based on the weight of said one or more
zeolites of the BEA structure type, and the one or more zeolites of the MFI structure type
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ranges ranges from 3.7 o 4.0 wi.-% based on the weight of said one or more zeolites of the
MFI structure type.

Therefore, according to particularly preferred embodiments of the present invention, the
catalyst comprises one or more zeolites of the MFI structure type,

whergin the amount of Fe in the one or more zeolites of the BEA structure type ranges from
0.01 to 10 wi-% based on the weight of said one or more zeolites, wherein preferably the
amount of Fe in the one or more zeolites of the BEA structure type ranges from 0.05 to 7 wt.-
%, more preferably from 0.1 to 5 wt.-%, more preferably from 0.3 o 3 wi.-%, more preferably
from 0.5 to 2 wt.-%, more preferably from 1 to 1.8 wt.-%, and even more preferably from 1.2
to 1.4 wi.-%, and

wherein the amount of Fe in the one or more zeolites of the MFI structure fype ranges from
0.1 o 15 wi-% based on the weight of said one or more zeolites, wherein preferably the
amount of Fe in the one or more zeolites of the MFI structure type ranges from 0.5 1o 10 wi.-
%, more preferably from 1.0 to 7.0 wit-%, more preferably from 2.5 to 5.5 wt-%. more
preferably from 3.5 to 4.2 wt.-%, and even more preferably from 3.7 10 4.0 wi-%.

According to the present invention, the catalyst may be provided in any conceivable form,
such as by way of example in the form of a powder, a granulate, or 3 monglith. In this
respect, it is particularly preferred that the catalyst further comprises a substrate, onto which
the one or more zeolites are provided. In general, the substrate can be made from materials
commonly known in the arl. For this purpose, porous materials are preferably used as the
substrate material, in particular ceramic and ceramic-like materials such as cordierite, -
aluming, an slumincsilicate, cordierite-aluming, silicon carbide, aluminum titanate, silicon
nitride, Zirconia, mullite, zircon, zircon mullite, Zircon sllicate, silimanite, 2 magnesium
silicate, petalite, spodumene, alumina-silica-magnesia and zirconium silicate, as well as
porous refractory metals and oxides thereof, According to the present invention, “refractory
metal” refers to one or more metals selected from the group consisting of Ti, Zr, Hf, V, Nb,
Ta, Cr, Mo, W, and Re. The subsirale may also be formed of ceramic fiber composite
maierials. According to the present invention, the subsirale is preferably formed from
cordierite, silicon carbide, andfor from aluminum titanate, and even more preferably from

cordierite and/or silicon carbide.

The substrates useful for the catalysts of embodiments of the present invention may also be
metallic in nature and be composed of one or more metals or metal alloys. The metallic
substrates may be employed in various shapes such as corrugated sheet or monolithic form.
Suitable metallic supports include the heat resistant metals and metal alloys such as fitanium
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and stainless steel as well as other alloys in which iron is a substantial or major component.

Such alloys may contain one or more of nickel, chromium and/for aiuminum, and the total
amount of these metals may advaniageously comprise at least 15 wi-% of the alloy, e.g., 10-
25 wt.-% of chromium, 3-8 wi.-% of aluminum and up to 20 wt.-% of nickel. The alloys may
also contain small or trace amounts of one or more other metals such as manganese,
copper, vanadium, titanium and the like. The surface or the metal subsirates may be oxidized
at high temperatures, e.g., 1000°C and higher, to improve the resistance to corrosion of the
alloys by forming an oxide layer on the surfaces the substrates.

Furthermore, the substrale according io the present invention may be of any congeivable
shape, provided that it aliows for the fiuid contact with at least a portion of the respective one
or more zeolites of the BEA and CHA structure types and optionally of the MF! structure type
present thereon. Preferably, the substrate is a monolith, wherein more preferably the
monglith is a flow-through monolith. Suitable substrates include any of those malerials
typically used for preparing calalysts, and will usually comprise a ceramic or metal
honeycomb siructure. Accordingly, the monolithic substrate contains fine, parallel gas flow
passages exiending from an inlet to an outlet face of the substrate, such that passages are
open to fluid flow (referred to as honeycomb flow through substrates). The passages, which
are essentially straight paths from their fluid inlet to their fluid outlet, are defined by walls onto
which the one or more zeolites of the BEA and CHA structure types and optionally of the MFI
structure type are respectively disposed, so that the gases flowing through the passages
may contact them. The fiow passages of the monociithic substrate are thin-walled channels,
which can be of any suitable cross-sectional shape and size such as trapezoidal,
rectangular, square, sinusoidal, hexagonal, oval, or circular. Such structures may contain up
to 900 gas inlet openings (i.e., celis} per square inch of cross section, wherein according to
the present invention structures preferably have from 50 to 800 openings per square inch,
more preferably from 300 to 500, and even more preferably from 350 to 400,

Thus, according to a preferred embodiment of the present invention, the catalyst comprises a
substrate which is preferably a monolith, and more preferably a honeycomb subsirate, onto

which the one or more zeolites are provided.

According o further preferred embodiments of the present invention, the substrate is a wall
flow monolith. For these embodiments, the substrate is preferably a honeycomb wall flow
filter, wound or packed fiber filter, open-cefl foam, or sintered metal filter, wherein wall flow
filters are particularly preferred. As for the equally preferred flow through monoliths, useful
wall flow substrates have a plurality of fine, substandially parallel gas flow passages



(43) JP 2018-27535 A 2018.2.22

16

extending along the longitudinal axis of the substrate. Typically, each passage is blocked at
one end of the substrate body, with alternate passages blocked at opposite end-faces.
Particularly preferred wall flow substrates for use in the present invention include thin porous
walled honeycomb monoliths, through which a fluid stream may pass without causing oo
great an increase in back pressure or pressure across the catalyst. Ceramic wall flow
subslrates used in the present invention are preferably formed of a material having a porosity
of at least 40%, preferably from 40 to 70%, and having a mean pore size of at least &
microns, preferably from 5 to 30 microns. Further preferred are substrates having a porosity
of at least 50% and having a mean pore size of at least 10 microns.

Thus, according to the present invention, the substraie preferably comprised in the catalyst is
preferably selected from the group consisting of flow-through substrates and wall-flow
substrates, more preferably from the group consisting of cordierite flow-through substrates
and wallflow substrates, and silicon carbide flow-through substrates and wall-flow
substrates.

in general, according 1o embodiments of the present invention which further comprise a
substrate, the zeolites may be provided thereon in any conceivable fashion, wherein they are
preferably provided thereon in the form of one or more layers which are preferably washcoat
layers. in preferred embodiments of the present invention, wherein the catalyst comprises a
substrate and two or more layers provided thereon, the zeolites may be provided in said two
or more layers in any possible mannar. Accordingly, the present invention includes, for
example, such preferred embodiments wherein the zeolites are contained in only a single of
the two or more layers, as well as embodiments wheregin the zeolite is condained in more than
one of the two or more fayers. Preferably, however, the zeolites are contained in a single
layer, irrespective of the number of layers present on the substrate.

Thus, according o preferred embodiments of the present invention wharein the catalyst
comprises a substrate, it is further preferred that the catalyst comprises one or more layers,
preferably washcoat layers, provided on the substrate, the zeolites being contained in one
single layer or two or more separate layers, wherein preferably the zeolites are contained in
one single layer.

in further embodiments of the present invention comprising a subsirate and two or more
layers provided thereon, wherein the zeolites are contained in more than one of said layers,
there is no particular limitation as o the distribution of the one or more zeolites of the BEA
and the CHA structure fype among said more than one layers which comprise said zeolites.
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Thus, it is principally possible according to the present invention, that, for example, the BEA-
and CHA-type zeolites are respectively contained in each of the layers which contain
zeolites, or that, alternatively, only part of the layers containing zeolites contain both BEA-
and CHA-type zeolites. Furthermore, it is possible according {o said further embodiments of
the present invention that no single layer contains both BEA- and CHA-type zeolites, said
zeolites being accordingly contained in separate layers of the catalyst. According to the
present invention it Is, however, preferred that at least one of the layers In such embodiments
contains both BEA- and CHA-type zeolites, wherein it is even more preferred that each of the
two or more layers of said embodiments containing the zeolites also containg both the BEA-
and CHA-lype zeolites.

Furthermore, according fo particular embodiments of the present invention wherein the
cafalyst further comorises one or more zediites of the MFI structure type, there is no
partictdar limitation as to the distribution of the one or more zeolites of the BEA, CHA, and
MF1 structure type among the more than one layers which comprise said zeolites in preferred
embodiments of the present invention wherein the catalyst comprises a substrate having one
or more layers provided therson. Thus, it is principally possible according to the present
invention, that, for example, the BEA-, CHA-, and MFidype zecliles are respectively
contained in each of the layers which contain zeolites, or that, aliernatively, only part of the
layers containing zeolites contain all three BEA-, CHA-, and MFl-iype zedlites. Furthermore,
it is possibie according to said further embodiments of the present invention that no single
layer contains all three BEA-, CHA-, and MFi-type zsolites, one or two of said zeolite types
being accordingly contained in separate layers of the catalyst. According to the present
invention it is, however, preferred that al least one of the lavers in such embodiments
contains all three BEA-, CHA-, and MFi-type zeolites, wherein if is even more preferred that
each of the two or more layers of said embodiments containing the zeclites also contains all
three of the BEA-, CHA-, and MFI-type zegliles.

Thus, according to preferred embodiments of the present invention wherein the catalyst
comprises a substrate onto which the one or more zeolites are provided, it is preferred
according to the present invention that the calalyst comprises one or more [ayers, preferably
washcoat iayers, provided on the substrate, the zeolites being contained in one single layer
or two or more separate layers, wherein preferably the zeolites are contained in one single

layer.

in principte, the one or more zeolites of the BEA and of the CHA structure type may be
respectively present in the catalyst in any conceivable amount, provided that an improved
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catalyst according to the present invention may be obtained. Thus, by way of example, the
one or more zeolites of the CHA structure type may be present in the catalyst in 2 loading
ranging from 0.5 to 5 g/in®, wherein the loading preferably ranges from 0.9 to 3.5 g/in®, more
preferably from 1.2 to 3 g/in®, more preferably from 1.5 to 2.5 gfin®, more preferably from 1.75
to 2.25 g/in®, and even more preferably from 1.9 to 2.1 g/in®. By further way of example and
independently thereof, the one or more zeolites of the BEA structure type may be present in
the catalyst in & loading ranging from 0.05 to 5 ¢/in®, wherein the loading preferably ranges
from 0.1 to 3 g/in®, more preferably from 0.3 o 2.5 g/in®, more preferably from 0.5 o 2 gfin®,
more preferably from 0.7 to 1.5 ¢/in®, more preferably from 0.8 to 1.2 g/in®, and sven more
preferably from 0.9 to 1 gfin®. In particular, the respective loadings of the BEA- and CHA-type
zeolites may be independent from one another, in the sense that the particular and preferred
loading ranges may apply either to the BEA- or to the CHA-type zeolites, wherein the loading
of the one or more zeoliles belonging to the other structure type is respectively not
particularly limited, and may therefore be present in any loading.

Furthermore, according to particular and preferred embodiments of the present invention
comprising one or more zeolites of the MF1 structure type, the one or more zedlites of the
BEA, CHA, and MFI structure type may be respectively present in the catalyst in any
conceivable amount, provided that an improved catalyst according to the present invention
may be obtained. According to said particular and preferred embodiments, it is however
preferred that the total loading of the one or more zeolites of the BEA structure type and the
total loading of the one or more zeolites of the MFI structure ranges from 0.05 to 5 gfin?,
more preferably from 0.1 1o 3 ¢/in®, more preferably from 0.3 to 2.5 g/in®, more preferably
from 0.5 to 2 g/in®, more preferably from 0.7 1o 1.5 gfin®, more preferably from 0.8 to 1.2 g/in®,
and even more preferably from 0.8 to 1 g/in®. According 1o said particularly preferred
embodiments, there is no particular restriction as to the respective amount of the one or
more zeolites of the BEA and of the MFI structure type. Thus by way of example, the
respective amounts of the one or more zeolites of the BEA andfor MF! structure types may
range anywhere from 0.025 to 2.5 ¢/in®, wherein preferably the one or more zeolites of the
BEA andfor of the MFI structure types range from 0.05 to 1.5 g/in®, more preferably from 0.15
o 1.25 ¢/in®, more preferably from 0.25 to 1 ¢/in®, more preferably from 0.35 10 0.75 g/in?,
more preferably from 0.4 {0 0.6 g/in®, and even more preferably from 0.45 to 0.5 gfin®
According to a particularly preferred embodiment of the present invention, the one or more
zeolites of the BEA structure type as well as the one or mors zeclites of the MFI structure
type are each contained in the inventive catalyst in a loading of about 0.475 gfin®
respectively.



(46) JP 2018-27535 A 2018.2.22

19
By further way of example and independently thereof, the one or more zeolites of the BEA
structure type may be present in the catalyst in a loading ranging from 0.056 to 5 gfin®,
wherein the loading preferably ranges from 0.1 to 3 g/in®, more preferably from 0.3 to 2.5
g/in®, more preferably from 0.5 o 2 gfin®, more preferably from 0.7 to 1.5 g/in®, more
preferably from 0.8 to 1.2 ¢/in°, and even more preferably from 0.0 to 1 ¢gfin®, In particular, the
respeciive loadings of the BEA- and CHA-type zeolites may be independent from one
another, in the sense that the particular and preferred loading ranges may apply either to the
BEA- or to the CHA-type zeolites, wherein the loading of the one or more zeolites belonging
to the other structure type is respectively not particularly limited, and may therefore be

prasent in any loading.

Therefore, according to the present invention it is preferred that in the inventive catalyst the
loading of the one or more zeolites of the BEA structure type, or

if the catalyst comprises one or more zeolites of the MF! structure type, then the total loading
of the one or more zeolites of the BEA structure type and of the one or more zeolites of the
MF1 structure type,

ranges from (.05 o 5 g/in®, more preferably from 0.1 to 3 g/in®, more preferably from 0.3 to
2.5 gfin®, more preferably from 0.5 1o 2 g/in®, more preferably from 0.7 to 1.5 g/in®, more
preferably from 0.8 to 1.2 gfin®, and even more preferably from 0.9 to 1 gfin®.

in addition to the above-mentionad catalyst, the present invention also relates to a treatment
system for an exhaust gas stream. In parlicular, the treatment system of the present
invention comprises an internal combustion engine which is preferably a lean burn engine,
and even more preferably a diesel engine. According to the present invention, it is however

also possible to use a lean burn gasoline engine in said treatment system.

Furthermore, the treatment system according to the present invention comprises an exhaust
gas conduit which is iIn fluld communication with the internal combustion engine. In this
respect, any conceivable conduit may be used, provided that it is capable of conducting
exhaust gas from an internal combustion engine, and may sufficiently resist the temperatures
and the chemical species encountered in the exhaust gas of an internal combustion engine,
in particular of a lean burn engine such as a diesel engine. Within the meaning of the present
invention, the fiuid communication provided between the exhaust gas conduit and the
internal combustion engine signifies that the treatment system allows for the constant
passage of exhaust gas from the engine to the conduit.
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According fo the exhaust gas treatment system of the present invention, the catalyst is
present in the exhaust gas conduit. In general, the catalyst may be provided in the exhaust
gas conduit in any conceivable fashion, provided that it is present within the sxhaust gas
conduit in the sense that it may be conlacted by the exhaust gas passing through said
conduit. Preferably, the catalyst is provided in the exhaust gas conduit on a substrale as
oullined in the present application, and in particular on a honeycomb substraie, which is
preferably either a flow-through or a wall-flow honeycomb substrate.

Thus, the present invention also relates to an exhaust gas treatment system comprising an
internal combustion engine and an exhaust gas conduit in fiuid communication with the
internal combustion engine, whergin the catalyst according to the present invention is
present in the exhaust gas conduit, and wherein the internal combustion engine is preferably
a lean burn engine, and more preferably a diesel engine.

In this respect and independently thereof, the present invention also relates to embodiments
wherein the inventive catalyst is comprised in an exhaust gas treatment system comprising
an internal combustion engine and an exhaust gas conduit in fluid communication with the
internal combustion engine, wherein said catalyst is present in the exhaust gas conduit, and
wharein the internal combustion engine is preferably a lean burn engine, and more preferably
a diessl engine.

According to preferred embodiments of the present invention, the exhaust gas freatment
system further comprises a means of introducing a reductant into the exhaust gas stream,
wherein said means is localed upstream from the inventive BEA/CHA-zeolite calalyst. In
paricidar, it is preferred that 2 means of introducing ammonia and/or urea into the exhaust
gas conduit is provided. In this respect, any means known to the skilled person may be
provided, in particular those commonly applied o exhaust gas treatment systems operating
with active SCR methods necessilating the direct infroduction of said reductants. According
fo particularly preferred embodiments, the reductant which preferably comprises ammonia
and/or urea is introduced by the means of an infection nozzle provided in the exhaust gas
conduit upsiream from the inventive calalyst.

Within the meaning of the present invention, the exhaust gas treatment system may suitably
further comprise any further components for the effective treatment of an exhaust gas. in
particular, said system preferably further comprises an oxidation catalyst or a catalyzed soot
fiter (CSF) or both an oxidation catalyst and a CSF. According to said embodiments, the
oxidation catalyst and/or the CSF are also present within the exhaust gas conduit.
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In the present invention, any sultable CSF can be used, provided that it may effectively
oxidize soot which may be contained in the exhaust gas. To this effect, the CSF of the
present invention preferably comprises a subsfrate coated with a washcoat fayer containing
one or more catalysts for buming off {rapped socol and/or oxidizing exhaust gas stream
emissions. In general, the soot burning catalyst can be any known catalyst for combustion of
sool. For example, the CSF can be coated with a one or more high surface area refractory
oxides (such as e.g. alumina, silica, silica alumina, zirconia, and zirconia alumina) and/or
with an oxidation catalyst (such as e.g. a cerig-zirconia) for the combustion of unbumed
hydrocarbons and to some degree particulate matter. However, preferably the soot buming
catalyst is an oxidation catalyst comprising one or more precious metal catalysts, said one or
more precious metal catalysis preferably comprising one or more metals selected from the
group consisting of platinum, palladium, and rhodium.

Regarding the oxidalion catalyst preferably comprised in the exhaust gas treatment system
ingtead of or in addition 1o a CSF, any oxidation catalyst may be used to this effect which is
suitable for oxidizing unburned hydrocarbons, CO, and/or NO, comprised in the exhaust gas.
in particular, oxidation catalysts are preferred which comprise one or more precious metal
catalysts, and more preferably one or more precious metals selected from the group
consisting of platinum, palladium, and rhodium. According fo particularly preferred
embodiments of the present invention, wherein the intemnal combustion engine of the exhaust
gas freatment system is a diesel! engine, the oxidation catalyst is preferably a diesel oxidation
catalyst. in particular, within the meaning of the present invention, a “diesel oxidation
catalyst” refers to any oxidation catalyst which is particularly well adapted to the oxidation of
diesel exhaust gas, in particular with respect to the lemperaiures and {0 the composition of

diesel exhaust gas encountered in the treatment thergof.

According to particularly preferred embodiments, the exhaust gas freatment system further
comprises a C8F, and even more preferably both a CSF and an oxidation catalyst. Even
more preferably, the exhaust gas freatment system further comprises a CSF and a diesel
oxidation catalyst.

In principle, in embodiments of the exhaust gas treatment system which further comprise an
oxidation catalyst and/or 2 CSF, said further components may be present in the exhaust gas
conduit in any order and at any emplacement therein, provided that the effective ireatment of
an exhaust gas may be provided. In particular, however, the presence and/or order and/or
location of said further components may depend on the type, on the state, in particular with
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respect 1o the lemperature and pressure thergof, and on the average composition of the
exhaust gas which is treated. Thus depending on the application of the exhaust gas
freatment system, the present invention includes preferred embodiments wherein the
oxidation catalyst and/or the CSF are located upstream or downstream from the inventive
BEA/CHA-zeolite catalyst, as well as preferred embodiments comprising both an oxidation
catalyst and a CSF, wherein the oxidation calalyst is located upstream and the CSF
downsiream thereof, or wherein, vice versa, the C8F is located upsiream, and the oxidation
catalyst downstream thereof. According to particularly preferred embodiments of the present
invention, the oxidation catalyst and/or the CSF are located upstream from the inventive
BEA/CHA-zeolite catalyst, wherein even more preferably, the exhaust gas treatment system
comprises both an oxidation catalyst and a CSF upstream from the inventive BEA/CHA-
zeolite catalyst. Within the meaning of the present invention, “upstream” and “downstream”
refates to the direction of flow of the exhaust gas through the exhaust gas conduit in fluid
communication with the internal combustion engine,

Thus, the present invention also relates to an exhaust gas tfreatment system as defined in the
foregoing, said exhaust gas treatment system further comprising an oxidation catalyst and/for
a catalyzed soot filter (CSF), wherein the oxidation catalyst and/or the CSF are preferably
located upstream from the inventive BEA/CHA-zecllts calalyst, and wherein the oxidation
catalyst is a diesel oxidation catalyst {(DOC) in instances where the internal combustion

engine is a diesel engine.

Furthermore, as outlined in the foregoing, the exhaust gas treaiment system preferably
further includes a means of introducing a reductant into the exhaust gas conduit, said means
being located upstream from the inventive BEA/CHA-zeolite catalyst. in particular, said
means enables the introduction of a reductant comprising ammonia and/or urea into the
exhaust gas conduil. Accordingly, the present invention also relates to an exhaust gas
freatment system wherein in addition to or instead of further comprising an oxidation catalyst
and/or a catalyzed soot filter (CSF) respectively preferably located upstream from the
inventive BEA/CHA-zeolile catalyst, the oxidation catalyst being a diesel oxidation calalyst
{DOC) in instances where the internal combustion engine is a diesel engine, said syslem
further comprises a means of introducing a reductant preferably comprising ammonia and/or
urea into the exhaust gas conduil, said means being located upstream of the inventive
BEA/CHA-zeolite catalyst.

According fo further preferred embodiments of the present invention, the exhaust gas
freatment system further comprises an ammonia slip catalyst located downstream of the
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BEA/CHA-zeolite catalyst for oxidizing excess ammonia and/or urea which has not reacted in
the SCR. Regarding the preferred ammonia slip catalyst, said caialyst may be provided in
the exhaust gas conduil in any manner commonly known in the art, provided that it may
effeclively oxidize said excess ammonia and/or wea. In parlicuar, said preferred
embodiments involve an exhaust gas freatment systems according 1o the present invention
which include a means of introducing a reductant into the exhaust gas conduit as defined in
the foregoing.

In addition {0 a catalyst and 10 an exhaust gas treatment system comprising said catalyst, the
present invention further concerns a process for the treatment of a gas stream comprising
NO.. In general, in the process of the present invention, any suitable gas stream comprising
NO, may be employed, provided that ifs state and composition are both suited for being
freated when contacted with a BEA/CHA-zeolite catalyst according to the present invention,
wherein preferably said treatment at least in part involves the selective catalytic reduction of
at least part of the NO, contained in said gas. For this purpose, the gas stream used in the
inventive process preferably contains at least one reductant, which is preferably ammonia
and/or any ammonia precursor such as urea and/or ammonium carbamate, urea being
preferably comprised in the ammonia precursor. According to further embodiments of the
inventive process, however, the gas stream used may also contain hydrocarbons andfor
hydrocarbon derivatives such as oxygenated hydrocarbons, such as for example those which
may be found in motor vehicle fuels andfor in motor vehicle exhaust gas, in particular in
diesel fuel and/or exhaust gas. Said further reductants may be contained in the gas treated in
the inventive process either in addition to ammonia, or. according to further embodiments,
may also be contained therein instead of ammonia. According to the present invention, it is
however particularly preferred that the gas comprises ammonia and/or urea as a reducing
agent for the treatment of exhaust gas emissions, in particular via SCR.

Thus, the preseni invention also relates o 3 process for the trealment of a gas siream
comprising NO, as defined in the present application, wherein the gas stream comprises

ammonia andfor urea,

Regarding the content of reductant in the gas stream, said reductant preferably comprising
ammonia and/or urea, there is no particular limitation in this respect, provided that at least
part of the NO, in said gas may be reduced by SCR when contacling the BEA/CHA-zeolils
catalyst of the present invention. It is however preferred, that said content does not
considerably derive from the amount of reductant necessary for the maximal conversion of
NO, by the catalyst. In this respect, the maximal conversion reflects the maximum amount of _
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NG, which may be converted by SCR at a given fime point in the inventive process, ie.
relative 1o the actual state and condition of both the catalyst and the gas o be treated upon
contacting thereof, and in particular depending on the content of the reductant and,
preferably, depending on the amount of ammonia and/or urea contained therein. Accordingly,
the maximal conversion of NO, directly reflects the maximum amount of reductant, and
preferably of ammonia and/or urea, which may react with NO, in the SCR process at a given
time point.

According to preferred embodiments of the present invention, the gas stream used in the
inventive process is preferably an exhaust gas stream comprising NO,. In this respect, there
is no particular fimitation as to the process which leads o such an exhaust gas stream,
provided that it is suited for reaiment with the BEA/CHA-zeulite catalyst according 1o the
present invention, or may be processed to a gas stream suited for treatment with such a
catalyst. According to the inventive process it is further preferred that the exhaust gas stream
is an exhaust gas sfream resuiting from an internal combustion engine, and even more
preferably from a lean burn engine. According to particularly preferred embodiments, the

exhaust gas stream is g diesel engine exhaust gas stream.

in the process according to the present invention, the gas stream is contacted with the
inventive BEA/CHA-zeolite catalyst for treatment thereof, wherein said contacting is achieved
by either conducting the gas stream over the catalyst, or conducting the gas stream through
the catalyst. Said contacting may, however, also be achieved by conducting the gas stream
both over and through the inventive catalyst. According to preferred embodiments, the gas
stream is either conducted over the catalyst, wherein the catalyst preferably comprises a
flow-through substrate for this purpose, or the gas stream is conducted through the catalyst,
wharein in this case the catalyst preferably comprises a wall-flow substrate. When using a
wail-flow substrate, however, there are instances wherein, depending on the process
conditions and the specific form and dimensions of the catalyst, at least a portion of the gas
stream may also be conducted over the catalyst. According particularly preferred
embodiments of the inventive process, the catalyst used in the invenlive process either

comprises a wall-flow honeycomb substrate or a flow-through honeycomb substrate.

Thus, the present invention also relates to a process for the treatment of a gas stream
comprising NO, comprising conducting said gas stream over and/or through an BEA/CHA-
zeolite catalyst according to the present invention, wherein the gas stream is preferably an
aexhaust gas stream, more preferably an exhaust gas stream resulting from an internal
combustion engine, and even more preferably a diesel exhaust gas stream.
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In the inventive process, there is no particular limitation as 1o the amount of NO, contained in
the gas stream, wherein preferably, the amount thereof in the gas streams used in the
inventive process does not exceed 10 wi-% based on the total weight of the exhaust gas,
and more preferably does not exceed 1 wi.-%, more preferably 0.5 wt.-%, more preferably
0.1 wt-%, more preferably 0.05 wi-.%, mare preferably 0.03 wit-.%, and even more preferably
does not exceed 0.01 wi.-%.

Regarding the specific composition of the NO, fraction contained in the gas siream treated in
the inventive process, there is no limitation as to the type or to the content of specific nitrous
oxide gases NO, contained theregin. According to specific embodiments of the present
invention, it is however preferred that the NO,-content relative to the total NO,~content is 80
wt.-% or less based on 100 wt-% of NO,, wherein more preferably, the NOQ., content is
comprised in the range of from 5 to 70 wt.-%, more preferably of from 10 to 60 wt.-%, more

preferably of from 15 to 55 wi.-%, and even more preferably of from 20 to 50 wt.-%.

in general, the composition of the gas stream used in the inventive process as defined in the
present application refers to the gas stream prior 1o ils use in the inventive process, and in
particular prior to the contacting thereof with the catalyst. Preferably, however, said
composition refers o the gas stream’s composition immediately prior 1o contacling the
catalyst, Le. immediately before treatment thereof begins by catalyzed chemical conversion
thereof.

Thus, the present invention also relates to a process for the treatment of a gas stream
comprising NO, as defined in the present application, wherein prior to the contacting of the
catalyst with the gas stream, the NO; content thereof is 80 wt.-% or less based on 100 wt.-%
of NO,, wherein preferably the NO; conlent is comprised in the range of from 5 1o 70 wt.-%,
more preferably of from 10 to 80 wit.-%, more preferably of from 15 to 55 wi.-%, and even
more preferably of from 20 to 50 wi.-%.

The catalyst according to the present invention can be readily prepared by processes well
known in the prior art. A representalive process is set forth below. As used herein, the term
“washcoat” has its usual meaning in the art of a thin, adherent coating of a catalytic or other
material applied to a substrate carrier material, such as a honeycomb-type carrier member,
which is preferably sufficiently porous to permit the passage there through of the gas stream

being treated.
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The several zeclite components of the catalyst may be applied to the substrate as mixtures
of one or more components in sequential steps in a manner which will be readily apparent to
those skilled in the art of catalyst manufacture. A typical method of manufacturing the
catalyst of the present invention is o respectively provide the at least one zeolite of the BEA
structure type containing fron (Fe), the at least one further zeolite of the CHA structure type
containing copper (Cu), and opfionally at least one zeolite of the MFl structure type
confaining iron {Fe) as a coaling or washcoat layer on the walls of a particularly preferred
flow-through or wall-flow honeycomb subsirate. According to certain preferred embodiments

of the present invention, the zeolites are provided in a single washcoal on the subslrate.

The catalyst according to the present invention is however preferably prepared by further
using at least one binder, wherein any conceivable binder used in the art of calalyst
manufacture, and in particular in the art of automotive SCR catalyst manufacture, may be
used. In this respect, a silica-alumina binder is for example preferably used for the
preparation of the inventive catalyst, wherein said binder may be provided together with one
or more of the zeclite components, and is preferably provided together with the zeolite
components in one or more coalings on a substrale, more preferably in one or more

washcoat layers.

For preparing the inventive catalyst, the components of ong or possibly more washcoat
lavers may respectively be processed 10 a slurry, preferably to an aguesous shiry. The
substrate may then be sequentially immersed inlo the respective slurries for applying the
individual washcoats, after which excess slurry is removed o provide a thin coating of the
two or more slurries on the walls of the substrate. The coated substrate is then dried and
preferably calcined to provide an adherent coaling of the respective component o the walls
of the substrate. Thus, for example, after providing a first washcoat layer on the substrate,
and preferably drying and/or calcining the coated substrale, the resulting costed substrate
may then be immersed into a further slurry 1o form a second washcoat layer deposited over
the first washcoat layer. Again, the substrate may then be dried andfor calcined and
eventually coated with a third washcoat, which again may subsequently be dried and/or
calcined to provide a finished catalyst in accordance with one embodiment of the present
invention. Regarding the steps of drying, washing, and calcining of the calalyst coated in this
fashion, these may be respectively performed in the manner well known in the art of calalyst
manufacture, in particular regarding the solvents and/or solutions used for washing the
coated calalyst, as well as regarding the temperature, duration, and the aimosphere
employed in the steps of drving and calcination, respectively. Concerning the step of
calcination, any possible temperature may be used therein, provided that the process leads
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to the desired transformations in the catalyst withowt causing any notable or substantial
deterioration of the catalysts stability, in particular with regard to its use in SCK. Thus, in
certain cases, the temperature of calcination will not exceed 700°C, preferably 850°C, more
preferably 600°C, and even more preferably will not exceed 550°C. Thus, caicination may for
example be conducted at 2 temperature comprised in the range of from 500°C to 850°C,
preferably 550°C to 800°C, more preferably 570°C to 580°C, more preferably |, and even
more preferably at a temperature comprised in the range of from 575°C to 585°C.

When preparing the invenlive calalyst in the above-mentioned manner, it is however
preferred that no washing of the washcoat layers is performed afier the application and
opfional drying thereof.

Accordingly, the catalyst of the present invention may be prepared according t0 a process
comprising

(a) providing at least one zeolite of the BEA strucfure type. al least one further zeolite
selected from zeolites of the CHA structure type, and optionally one or more zeclites of the
MF1 structure type, wherein at least part of the one or more zeoclites of the BEA structure type
contain iron, wherein at least part of the one or more further zeoglites of the CHA structure
type contain copper, and wherein at least part of the one or more zeolites of the MFI
structure type contain iron;

(b preparing one or more washcoat compositions respectively comprising one or more of
the zeoiites;

{c} applying the one or more woashcoat compositions in one mare respective lavers onto
the substrate, wherein a step of drying is oplionally conducted after the respective application
of one or more of the individual lavers;

{d) optionally washing and/or drying the coated substrate, wherein the coated substrate
is preferably not washed; and

(&) optionally subjecting the coated subsirate 10 a calcination process.

Figures

Figure 1 displays results from NEDC testing of the catalyst compositions according 1o
Examples 1 and 2 and Comparative Example 3, respectively, wherein the
testing period in seconds is plotted on the x-axis, and the NO, emissions in
grams NGO, is plotted on the y-axis, and wherein the background dispiays the
legally prescribed course of NEDC testing over the time period in terms of the
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variation of the motor vehicle's speed as laid down in the European Union
Directive 70/220/EEC.

Examples

Example 1

A catalyst composition was prepared comprising 2 g/in® of a zeolite of the CHA structure
type, said CHA-lype zeolile having a sllica to alumina ratio (SAR) of approximately 30 and
containing 3 wi.-% of copper based on the total weight of the CHA-type zedlite, 0.475 g/in® of
a zeolite of the BEA structure type, said BEA-type zeolite having a silica to alumina ratio of
approximately 40 and containing 1.3 wt.-% of iron based on the total weight of the BEA-type
zeolite, 0.475 g/in® of a zeolite of the MFI structure type, said MFl-type zeolite having a silica
fo alumina ratio of approximately 26 and containing 3.8 wi-% of iron based on the fotal
weight of the MFil-type zeolite and 0.1 g/in® of a zircony! binder.

Example 2
A catalyst composition was prepared comprising 2 g/in® of a zeolite of the CHA structure

type, said CHA-type zeolile having a silica to alumina ratio (SAR) of approximately 30 and
containing 3 wi.-% of copper based on the total weight of the CHA-type zeolite, 0.95 g/in® of
a zeolite of the BEA structure type, said BEA-type zeolite having a silica (o alumina ratio of
approximately 26 and containing 2.3 wi.-% of iron based on the {otal weight of the BEA-type
zeolite, and 0.1 gfin® of a Zirconyl binder,

Comparative Example 3

A catalyst composition was prepared comprising 1.35 gfin® of a zeolite of the CHA structure
type, said CHA-lype zeolite having a silica to alumina ratio (SAR) of approximately 30 and
containing 3 wt.-% of copper based on the total weight of the CHA-lype zeolite, 1.35 gfin® of
a zeolite of the MK structure type, said MFl-type zeolite having a silica to alumina ratio of
approximately 26 and containing 3.8 wi.-% of iron based on the total weight of the MFi-type
zeolite, and 0.3 ¢/in® of a silica-alumina binder,

SCR Parformance Testing

DeNQO, Performance of the SCR Catalysts were evaluated in transient conditions using the
New European Driving Cycle, also referred 1o as the MVEG (Molor Vehicle Emissions
Group} cycle. In particular, testing conditions were such, that the NO, fraction of the exhaust
gas stream contained less than 30 wi-% of NO; based on the total NOcontent.
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For testing, the catalyst compaositions according to Examples 1 and 2 and Comparative
Example 3 were respectively coated onic a 5.66"x5.66"x6" fiow-through honeycomb
substrale having a volume of 2.5 L, a cell density of 400 cells per sguare inch, and a wall
thickness of approximately 100um (4 mil). The catalyst samples prepared in this fashion
were then fested in an exhaust gas treatment system with a diesel oxidation catalyst (DOC)
and a catalyzed soot filler (CSF) respectively located upstream from the tested calalyst.

The results from the NEDC catalyst testing are shown in Figure 1. Thus, gs may be taken
from said figure, the invenlive catalyst according fo Examples 1 and 2 which contains a
combination of CHA- and BEA-type zeolites displays a clearly improved performance
compared {o the catalyst sample of Comparative Example 3 which only contains CHA-lype
zeolite. In particular, when considering the results displayed in Figure 1, wherein the level of
NO, emissions is plotted as a function of the NEDC testing period, the inventive exampies 1
and 2 show a superior conversion performance compared to Comparative Example 3 both
during the period from 0 to 800s corresponding to the old European driving cycle (ECE-15),
as well as during the testing period from 800 to 1200s, corresponding to the extra-urban part
of the driving cycle involving higher space velocity and higher NO, mass flow.

Consequently, the calalyst according to the present invention shows a clearly superior
performance in SCR compared 10 a catalyst according to Comparative Example 3, and, as
such, is particularly well adapted to the actual driving conditions encountered in motor
vehicle use, as reflected in NEDC testing. In particular, these excellent results may be
attributed to the use of a specific combination of CHA- and BEA-type zeolite materials as
defined by the catalyst of the present invention.
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Chaims

1. A catalyst, preferably for use in seleclive catalylic reduction (SCR), said catalyst
comprising
one or more zeolites of the BEA structure type,
one or more zeolites of the CHA structure type, and optionally
one or more zeolites of the MF! structurs lype,
wherein at least part of the one or more zeolites of the BEA structure type contain iron
(Fe).
wherein at least part of the one or more zeolites of the CHA structure type contain
copper (Cu), and
wherein at least part of the optional one or more zeolites of the MF! structure type
contain iron (Fe).

2. The catalyst of claim 1, wherein the weight ratio of the one or more zeolites of the BEA
struciure type to the one or more zegolites of the CHA structure type, or
if the catalyst comprises one or more zeolites of the MFI structure type, then the ratio of
the total weight of the one or more zeolites of the BEA structure type and of the one or
more zeolites of the MFI structure type to the weight of the one or more of the zeolites
of the CHA structure type,
ranges from 0.1 to 10, preferably from 0.2 to 7, more preferably from 0.3 to 4, more
preferably from 0.35 to 2, more preferably from 0.4 to 1, more preferably from 045 o
0.5, and even more preferably from 0.47 to 0.48.

3. The catalyst of claim 1 or 2, wherein one or more of the zeolites, and preferably all of
the zeolites, comprise both Al and Si in thelr respective zedlite frameworks.

4. The catalyst of claim 3, wherein the molar ratio of silica to glumina {SAR) in the one or
more zeolites of the BEA or of the MF structure type respectively ranges from 5 to 150,
preferably from 15 i 100, more preferably from 20 to 50, more preferably from 23 to
30, andd even more preferably from 25 to 27.

5. The catalyst of claim 3 or 4, wherein the catalyst comprises one or more zeolites of the
MFI structure type, and
wherein the molar ratio of silica to alumina (SAR) in the one or more zedlites of the
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BEA structure type ranges from 5 to 200, preferably from 15 to 150, more preferably
from 25 to 60, more preferably from 35 to 45, and even maore preferably from 38 10 42.

The catalyst of any of claims 3 1o 5, wherein the molar ratio of silica to alumina (SAR)
in the one or more zeolites of the CHA structure type ranges from 5 to 100, preferably
from 10 to 70, more preferably from 20 {0 55, more preferably from 25 to 35, and even
more preferably from 28 to 32.

The catalyst of any of claims 1 to 6, wherein the amount of Fe in the one or more
zeolites of the BEA struciure type, or

if the catalyst comprises one or more zeolites of the MF! structure type, then the
average amount of Fe in the one or more zeolifes of the BEA structure type and in the
one or more zeolites of the MFI sfruciure type,

ranges from 0.05 to 15 wi.-% based on the weight of said one or more zeolites,
wherein preferably the amount of Fe ranges from 0.1 to 10 wi.-%, more preferably from
0.5 to 7 wt.-%, more preferably from 1 to 5 wi.-%, more preferably from 1.5 t0 3 wt.-%,
more preferably 2 to 2.8 wit.-%, more preferably from 2.2 to 2.6 wi.-%, and even more
preferably from 2.3 to 2.55 wi.-%.

The catalyst of claim 7, wherein the catalyst comprises one or more zeolites of the MFI
struciure type,

wharein the amount of Fe in the one or more zeolites of the BEA structure type ranges
from 0.01 1o 10 wi.-% based on the weight of said one or more zeclites, wherein
preferably the amount of Fe in the one or more zeolites of the BEA structure type
ranges from 0.05 to 7 wi.-%, more preferably from 0.1 to 5 wi.-%, more preferably from
0.3 to 3 wt-%, more preferably from 0.5 to 2 wi.-%, more preferably from 110 1.6 wi-
%, and even more preferably from 1.2 1o 1.4 wi-%, and

wherein the amount of Fe in the one or more zeolites of the MFI structure type ranges
from 0.1 to 15 wt.-% based on the weight of said one or more zeolites, wherein
preferably the amount of Fe in the one or more zeolites of the MF! structure type
ranges from 0.5 to 10 wt.-%, more preferably from 1.0 to 7.0 wi.-%, more preferably
from 2.5 {0 5.5 wi.-%, more preferably from 3.5 t0 4.2 wi.-%, and even more prefarably
from 3.7 10 4.0 wt.-%.

The catalyst of any of claims 1 o 8, wherein the amount of Cu in the one or more
zeolites of the CHA sfructure type ranges from 0.05 to 20 wi.-% based on the weight of
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said one or more zeolites, wherein preferably the amount of Cu ranges from 0.1 10 15
wt.-%, more preferably from 0.5 to 10 wt.-%, more preferably from 1 o 7 wi.-%, more
preferably from 1.5 to 5 wi.-%, more preferably from 2 10 4 wl.-%, more preferably from
2.5 10 3.5 wt.-%, more preferably from 2.7 to 3.3 wi.-%, more preferably from 2.9 to 3.1
wi.-%.

The catalyst of any of claims 1 to 9, wherein said catalyst further comprises a
substrate, preferably a honeycomb substraie, onio which the one or more zeolites are
provided.

The catalyst of claim 10 wherein the subsirate is selecied from the group consisting of
flow-through substrates and wall-flow substrates, preferably from the group consisting
of cordierite flow-through subsirates and wall-flow substrates, and silicon carbide flow-
through substrates and wall-flow substrates.

The catalyst of claim 10 or 11, wherein the calalyst comprises one or more layers,
preferably washceoat layers, providaed on the subsirate, the zeolites being contained in
one single layer or two or more separate layers, wherein preferably the zeolites are

contained in one single layer,

The catalyst of any of claims 1 to 12, wherein the one or more zeolites of the CHA
structure type are present in the catalyst in a loading ranging from 0.1 o 8 g/ir?,
preferably from 0.5 to 5 g/in® more preferably from 0.9 to 3.5 g/in®, more preferably
from 1.2 to 3 g/in®, more preferably from 1.5 10 2.5 gfin®, more preferably from 1.75 to
2.25 gfin®, and even more preferably from 1.9 10 2.1 gfin®.

The catalyst of any of claims 1 to 13, wherein the loading of the one or more zeolites of
the BEA structure type, or

if the catalyst comprises one or more zeclites of the MFI struclure type, then the total
loading of the one or more zeolites of the BEA structure type and of the one or more
zeolites of the MFI structure type,

ranges from 0.05 1o 5 g/in®, more preferably from 0.1 to 3 ¢/in®, more preferably from
0.3 to 2.5 g/in®, more preferably from 0.5 to 2 gfin®, more preferably from G.7 0 1.5
gfin®, maore preferably from 0.8 to 1.2 g/in®, and even more preferably from 0.8 to 1
gfin®.
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156,  The catalyst of any of claims 1 to 14, comprised in an exhaust gas treatment system
comprising an internal combustion engine and an exhaust gas conduit in fluid
communication with the internal combustion engine, wherein said calalysl is preseni in
the exhaust gas conduit, and wherein the internal combustion engine is preferably a
lean burn engine, and more preferably a diesel engine.

16. An exhaust gas treatment system comprising an internal combustion engine and an
exhaust gas conduit in fluid communication with the internal combustion engine,
whaerein a catalyst according to any of claims 1 to 14 is present in the exhaust gas
conduit, and
wherein the internal combustion engine is preferably a lean bum engine, and more
preferably a diesel engine.

17. The exhaust gas treatment system of claim 16, said exhaust gas treatment system
further comprising an oxidation catalyst and/or a catalyzed soot filter (C8F), wherein
the oxidation catalyst and/or the CSF are preferably located upstream from the catalyst
according to any of ¢laims 1 to 14, and wherein the oxidation catalyst is a diesel
gxidation catalyst (DOC) in instances where the internal combustion engine Is a diesel

enging.

18. A process for the treatment of a gas strearmn comprising NO, comprising conducting
said gas stream over and/or through a catalyst according o any one of claims 1 o 14,
wherein the gas stream is preferably an exhaust gas stream, more preferably an
exhaust gas stream resulting from an internal combustion engine, and even more

preferably a diesel exhaust gas stream.

19.  The process for the freatment of a gas stream comprising NO, according to claim 18,
wherein the gas stream comprises ammonia and/or urea,

20. The process for the treatment of a gas stream comprising NO, according fo claim 18 or
19, wherein prior to the contacling of the catalyst with the gas stream, the NO, content
thereof is 80 wt.-% or igss based on 100 wt.-% of NO,, wherein preferably the NO-
content is comprised in the range of from 510 70 wi-%, more preferably of from 10 1o
60 wi.-%, more preferably of from 15 to 55 wt.-%, and even more preferably of from 20
to 50 wt.-%.

ABSTRACT
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The present invention relates to a catalyst, preferably for use in selective cat
alytic reduction (SCR), said catalyst comprising one or more zeolites of the BEA
structure type, one or more zeolites of the CHA structure type, and optionally
one or more zeolites of the MFI structure type, wherein at least part of the one
or more zeolites of the BEA structure type contain iron (Fe), wherein at least
part of the one or more zeolites of the CHA structure type contain copper (Cu),
and wherein at least part of the optional one or more zeolites of the MFI struct
ure type contain iron (Fe). Furthermore, the present invention concerns an exhau
st gas treatment system comprising said catalyst as well as a process for the tr

eatment of a gas stream comprising NO, using said catalyst as well.
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