wo 2011/045252 A1 [ 10K 00 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
21 April 2011 (21.04.2011)

(10) International Publication Number

WO 2011/045252 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

74

International Patent Classification:
B01J 29/76 (2006.01) BO1D 53/94 (2006.01)

International Application Number:
PCT/EP2010/065150

International Filing Date:
11 October 2010 (11.10.2010)

Filing Language: English
Publication Language: English
Priority Data:

61/251,350 14 October 2009 (14.10.2009) US

Applicants (for all designated States except US): BASF
SE [DE/DE]; 67056 Ludwigshafen (DE). BASF CATA-
LYSTS LLC [US/US]; 25 Middlesex/Essex-Turnpike,
Iselin, NJ 08830-0770 (US).

Inventors; and

Inventors/Applicants (for US only): BULL, Ivor
[GB/DE]; Sodastralie 39a, 67063 Ludwigshaten (DE).
MULLER, Ulrich [DE/DE]; Am Stecken 14a, 67435
Neustadt (DE). YILMAZ, Bilge [US/DE];, S6, 32-33,
68161 Mannheim (DE).

Common Representative: BASF SE; 67056 Lud-

wigshatfen (DE).

62y

84)

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: COPPER CONTAINING LEVYNE MOLECULAR SIEVE FOR SELECTIVE REDUCTION OF NOx

Figure 9

100

=l 22 Si02:Al203

90 + =——4—23 Si02:AI1203

- & 26 Si02:A1203 c —

80 1 x 27 si02:A1203 3
~ 70 ® 2850241208 / e ™ F
S —8=132 Si02:A1203 /:‘H' = - -
c ®L
c 60
2 Vg £
¢ 50 V.
g { & e
5 © a3 ’

N
g 30 Ac
el
20 ‘/M
ol
10
(1] T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6
Cu:Al

(57) Abstract: The present invention relates to a copper containing Levyne molecular sieve having a silica to alumina mole ratio
less than 30 and a Cu:Al atomic ratio less than 0.45, wherein the Levyne molecular sieve retains at least 60 % of its surface area
atter exposure to a temperature of from about 750°C to about 950°C in the present of up to 10 volume percent water vapor for a
time ranging from about 1 to about 48 hours.
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Copper containing Levyne molecular sieve for selective reduction of NOx

Description

The present invention relates to a copper containing Levyne molecular sieve having a silica to
alumina mole ratio less than 30 and a Cu:Al atomic ratio less than 0.45, wherein the Levyne
molecular sieve retains at least 60 % of its surface area after exposure to a temperature of from
about 750°C to about 950 °C in the present of up to 10 volume percent water vapor for a time
ranging from about 1 to about 48 hours.

Both synthetic and natural zeolites 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 zeolite and the type and amount of cations included in the
zeolite lattice, range from about 3 to 10 Angstroms in diameter. Levyne (LEV) is a small pore
zeolite with 8 member-ring pore openings (~4.8 x 3.6 Angstroms) accessible through its 2-
dimensional porosity (as defined by the International Zeolite Association). A cage like structure
results from the connection of double six-ring building units by 4 rings.

Levyne can be synthesized using various template agents and OH- sources. These various syn-
thesis routes result in Levyne-type materials with different names such as Levyne, LZ-132, LZ-
133, Nu-3, ZSM-45, ZK20, SSZ-17. US 3,459, 676 first disclosed the synthesis of ZK-20 having
a silica to alumina ratio from 4 to 11 using 1-methyl-1-azonia-4-azabicyclo[2.2,2]octane. EP
91,048 and EP 91,049 describe the synthesis of LZ-132 and LZ-133 using methylquinuclidine.
EP 40,016 describes the synthesis of Nu-3 (10 to 300 SiO,:AlLO;) with 1-aminoadamantane or
methylquiniclidine. EP 107,370, US 4,485,303, US 4,086,186 US 5,334,367, describes the syn-
thesis of ZSM-45 (10 to 80 SiO,:AlLO;) with salts of dimethyldiethylammonium, choline or co-
baltinium. Caullett et al. described the synthesis of Levyne with quinuclidine and methylamine in
Zeolites, 1995, 15, 139-147. Touto et al., describe the synthesis of Levyne with methylquinu-
cline in Materials Engineering, 1994, 175-182 and Microporous and Mesoporous Materials,
1998, 247-257. Inoue et al. describe the hydrothermal conversion of FAU to Levyne with choline
hydroxide in Microporous and Mesoporous Materials, 2009, 149-154.

The reduction of nitrogen oxides with ammonia to form nitrogen and H,O can be catalyzed by
metal-promoted zeolites to take place preferentially to the oxidation of ammonia by the oxygen
or to the formation of undesirable side products such as N,O, hence the process is often re-
ferred to as the "selective" catalytic reduction ("SCR") of nitrogen oxides, and is sometimes re-
ferred to herein simply as the "SCR" process.

The catalysts employed in the SCR process ideally should be able to retain good catalytic activ-
ity over the wide range of temperature conditions of use, for example, 200 °C to 600 °C or
higher, under hydrothermal conditions and in the presence of sulfur compounds. High tempera-
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ture and hydrothermal conditions are often encountered in practice, such as during the regen-
eration of the catalyzed soot filter, a component necessary for the removal of soot particles in
the exhaust gas treatment system.

Metal-promoted zeolite catalysts including, among others, iron-promoted and copper-promoted
zeolite catalysts, for the selective catalytic reduction of nitrogen oxides with ammonia are
known. Iron-promoted zeolite beta (US 4,961,917) has been an effective commercial catalyst for
the selective reduction of nitrogen oxides with ammonia. Unfortunately, it has been found that
under harsh hydrothermal conditions, for example exhibited during the regeneration of a cata-
lyzed soot filter with temperatures locally exceeding 700 °C, the activity of many metal-
promoted zeolites begins to decline. This decline is often attributed to dealumination of the zeo-
lite and the consequent loss of metal-containing active centers within the zeolite.

WO 2008/106519 discloses a catalyst comprising: a zeolite having the CHA crystal structure
and a mole ratio of silica to alumina greater than 15 and an atomic ratio of copper to aluminum
exceeding 0.25. The catalyst is prepared via copper exchanging NH, -form CHA with copper
sulfate or copper acetate. The catalyst resulting from copper sulfate ion-exchange exhibits NOx
conversion from 45 to 59 % at 200 °C and ~82 % at 450 °C. Copper acetate exchange results in
a material with NOx conversion after aging of 70 and 88 % at 200 and 450 °C, respectively.
These materials offer improvement in low temperature performance and hydrothermal stability
in comparison to FeBeta. However, Chabazite remains an expensive material due to the cost of
the trimethyladamantyl ammonium hydroxide necessary for its synthesis.

WO 2008/132452 discloses a number of zeolite materials that can be loaded with iron and/or
copper with improvements in NOx conversion compared to Fe/Beta, Cu/Beta and Cu/ZSM-5.
Example 2 indicates Cu/Nu-3 (a Levyne-type material) as such a material. This example states
that an ammonium exchange was carried out before an aqueous copper exchange using cop-
per nitrate. It is stated that multiple aqueous ion-exchanges were carried out to target 3 wt% Cu
(3.76 wt% CuO). No details of the ion-exchange experiments are disclosed. Additionally, no
details of critical composition parameters for the zeolite are given such as SiO,:Al,O; or alkali
metal content. As indicated above Nu-3 can be synthesized with a wide range of SiO,:Al,O; (10
to 300). Example 6 indicates that the material is aged at 750 °C in 5 % steam for 24 hours. Fig-
ure 5 and Figure 6 indicate the SCR performance of Cu/Nu-3 fresh and aged with comparison
to other materials such as Cu/SAPO-34. Figure 6 indicates that following hydrothermal aging
the NOx conversion at 200 and 450 °C are significantly inferior to the Chabazite-type SAPO-34
technology after aging, with ~60 % versus ~75 % NOx conversion at 200 °C and ~60 % versus
~ 80 % at 450 °C. However, no clear mention of test conditions for Cu/Nu-3 can be found.

Briend at al. report that SAPO-34 was unstable to a humid environment at temperatures below
about 100 °C as reflected in a loss of structure (J. Phys. Chem., 1995, Vol. 99, p 8270-8276).
However, at temperatures above 100 °C stability was not an issue.
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Poshusta et al. observe an instability to humidity at low temperature with SAPO-34 membranes
(J. Membrane Science, 2001, Vol. 186, p 25-40).

WO 2008/118434 indicates that a Levyne material that can retain at least 80 % of its surface
area and micropore volume after hydrothermal aging at 900 °C in 10 % steam for 1 to 16 hours
would be suitable for application in SCR. However, no synthesis or catalytic data are disclosed.

WO 2010/043891 indicates small pore zeolites (having a maximum ring size of eight tetrahedral
atoms), including Levyne (LEV), as improved catalysts in the selective catalytic reduction of
NOx with ammonia. Levynite, Nu-3, LZ-132 and ZK-20 are reported. It is indicated that large
crystal size results in improved catalyst stability with catalytic data provided for only
Cu/Chabazite. NOx conversion is reported at 200 °C and 400 °C. Crystals larger than 0.5 mi-
crometers are claimed.

US 4,220,632 discloses NH;-SCR process using zeolites in the Na- or H-form with pore sizes of
3-10 Angstroms. Zeolite X, Mordenite and a natural zeolite are disclosed in the examples.

Task

Thus, there is an on-going task to provide cost-effective hydrothermally stable catalysts for SCR
applications. Lower cost catalysts are desired which exhibit similar SCR performance and stabil-
ity to the state of the art SCR catalysts. In addition, the catalysts should show high activity over
a wide temperature range. Hydrothermal stability to temperatures greater than 750 °C is de-
sired. The specific requirement on hydrothermal stability is dependent on the configuration of
the catalyst system utilized in the exhaust treatment.

Surprisingly, it was found that Cu/LEV catalysts with lower SiO,:AlL,O; exhibit improved perform-
ance even after severe hydrothermal aging when the Cu content is carefully controlled.

Cu/LEV offers significant cost reduction over Cu/SSZ-13 due to the use of lower cost templates.
Additionally, no low-temperature stability issues exist for this aluminosilicate based composition
as has been identified for some silicoaluminophosphate compositions.

Product

Therefore, the present invention relates to a copper containing Levyne molecular sieve having a
silica to alumina mole ratio less than 30, preferably less than 28, more preferably less than 26,
even more preferred less than 23, and a Cu:Al atomic ratio less than 0.45, wherein the Levyne
molecular sieve retains at least 60 % of its surface area after exposure to a temperature of from
about 750°C to about 950 °C in the present of up to 10 volume percent water vapor for a time
ranging from about 1 to about 48 hours.

In an preferred embodiment, the Copper containing Levyne molecular sieve retains at least 70
%, preferred 80 %, more preferred 90 %, of its surface area after exposure to a temperature of
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from about 750°C to about 950 °C in the present of up to 10 volume percent water vapor for a
time ranging from about 1 to about 48 hours.

As used in this specification and the appended claims, the singular forms “a”, “an” and “the”
include plural referents unless the context clearly indicates otherwise. Thus, for example, refer-
ence to “a catalyst” includes a mixture of two or more catalysts, and the like.

A molecular sieve can be zeolitic--zeolites--or non-zealitic, and zeolitic and non-zeolitic molecu-
lar sieves can have the Levyne crystal structure, which is also referred to as the LEV structure
by the International Zeolite Association.

SiO,/AlLO;

Preferably the copper containing Levyne molecular sieve has a mole ratio of silica to alumina
from about 4 to about less than 30. Preferably the copper containing Levyne has a mole ratio of
silica to alumina in the range from about 10 to about less than 30, preferred in the rage from
about 10 to about 28, more preferred in the range from about 15 to about 28, even more pre-
ferred in the range from about 15 to about 26.

Cu/Al
Preferably the atomic ratio of copper to aluminum is from about 0.2 to about less than 0.45.
Even more preferred the ratio of copper to aluminum is from about 0.25 to about 0.4.

Cu/H

Preferably the atomic ratio of copper to proton is less than 7, more preferred less than 4. More
preferred the ratio is in the range from about 0.25 to about 4. Even more preferred the ratio of
copper to aluminum is from about 0.25 to about 2. The proton content of the zeolite can be cal-
culated as number of moles Al minus number of moles (2*Cu™).

Moles Cu per 100g zeolite

Preferably the moles Cu per 100g zeolite (calculated as moles) are more than 0.01. More pre-
ferred the moles Cu per 100g zeolite are in the range from about 0.02 to about 0.046. Even
more preferred in the range from about 0.025 to about 0.04.

Elevated temperatures

The copper containing Levyne molecular sieve is exposed to an elevated temperature. The
temperature according to this invention can be from ca. 750 to ca. 950°C, preferably from 750 to
850°C.

Surface area 750°C

Preferably the surface area of the copper containing Levyne molecular sieve after exposure to a
temperature of 750°C in the present of up to 10 volume percent water vapor for a time ranging
from about 1 to about 48 hours, preferably for a time ranging from about 6 to about 48 hours,
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even more preferred for a time ranging from about 6 to about 24 hours, retains at least 60 %,
even more preferred retains at least 65 %, even more preferred retains at least 70 %, even
more preferred retains at least 75 %, even more preferred retains at least 80 %, even more pre-
ferred retains at least 85 % compared to the surface area before the exposure to the elevated
temperature.

Surface area 850°C

Preferably the surface area of the copper containing Levyne molecular sieve after exposure to a
temperature of 850°C in the present of up to 10 volume percent water vapor for a time ranging
from about 1 to about 48 hours retains at most less than 80%, preferably less than 75 % after
exposure to a temperature of 850°C.

Surface area

Preferably the Langumuir surface area, determined according to DIN 1SO 9277, of the copper
containing Levyne molecular sieve is in the range from about 400 to about 900; more preferred
in the range from about 600 to about 900.

XRD pattern

The x-ray diffraction pattern was collected on a Bruker D 4 Endeavor diffractometer with 4°
Sdller slits, V20 variable divergence slits, and a scintillator counter as X-ray detector. The sam-
ples to be analyzed were measured from 2° to 70° 2theta with a step width of 0.02 ° and step
time of 2 seconds are typical. The x-ray diffraction pattern was matched to the LEV topology
reported in Collection of Simulated XRD Powder Patterns for Zeolites by M.M. Treacy et al..

Wt.% copper

The Cu content of the copper containing Levyne molecular sieve, calculated as CuO, is pref-
erably at least about 2 wt.-% and even more preferably at least about 2.5 wt.-%, in each case
based on the total weight of the calcined Levyne molecular sieve. Even more preferably, the Cu
content of the Levyne molecular sieve, calculated as CuQ, is in the range of up to about 15 wt.-
%, more preferably of up to about 4 wt.-%, and even more preferably of up to about 3.5 wt.-%,
in each case based on the total weight of the calcined Levyne molecular sieve reported on a
volatile free basis. Therefore, preferred ranges of the Cu content of the Levyne molecular sieve,
calculated as CuO, are from about 2 to about 15 wt.-%, more preferably from about 2 to about 4
wt.-%, and even more preferably from about 2.5 to about 3.5 wt.-%, and even more preferably
from about 2.5 to about 3.25 wt.-%,in each case based on the total weight of the calcined
Levynemolecular sieve. All wt.-% values are reported on a volatile free basis.

Free copper

In addition to the copper that is exchanged to increase the level of copper associated with the
exchanged sites in the structure of the zeolite, non-exchanged copper in salt from may be pre-
sent in the Levyne molecular sieve, so called free copper.
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Sodium content

Preferably the copper containing Levyne molecular sieve has a sodium content (reported as
Na,O on a volatile free basis) of below 30000 ppm, more preferred of below 5000 ppm, even
more preferred below 1000 ppm and most preferred below 100 ppm.

Additional metal

The copper containing Levyne molecular sieve may contain one or more transition metals. Pref-
erably the Levyne molecular sieve may contain transition metals capable of oxidizing NO to NO,
and/or storing NH;. The transition metal is preferably selected from the group consisting of Fe,
Co, Ni, Zn, Y, Ce, Zr and V. Generally, all suitable sources for Fe, Co, Ni, Zn, Y, Ce, Zr and V
can be employed. By way of example, nitrate, oxalate, sulphate, acetate, carbonate, hydroxide,
acetylacetonate, oxide, hydrate, and/or salts such as chloride, bromide, iodide may be men-
tioned.

In addition, the copper containing Levyne molecular sieve may contain one or more lanthanides.
A preferred lanthanide source is, among others, lanthanum nitrate.

In addition, the copper containing Levyne molecular sieve may contain one or more precious
metals (e.g. Pd, Pt).

TOC

Preferably, the calcined copper containing Levyne molecular sieve has a TOC content of 0.1
wt.-% or less, based on the total weight of the Levyne molecular sieve.

Thermal stability

Preferably, the calcined copper containing Levyne molecular sieve has a thermal stability, de-
termined via differential thermal analysis or differential scanning calorimetry, in the range of
from about 900 to about 1400°C, preferably in the range of from about 1100 to about 1400°C,
more preferably in the range of from about 1150 to about 1400°C. For example, the measure-
ment of thermal stability is described in PCT/EP2009/056036 at page 38.

LEV

Preferably the copper containing Levyne molecular sieve includes all materials described by the
zeolite structure code LEV. Preferably the copper containing Levyne molecular sieve is an alu-
minosilicate composition. Most preferably the copper containing Levyne molecular sieve is a
ZSM-45 or a Nu-3. ZSM-45 is preferably crystallized from templating agents derived from cho-
line or dimethyldiethylammonium salts.

SCR activity
Aged: 750 °C

The copper containing Levyne molecular sieve, preferably ZSM-45, is hydrothermally aged.
Typical conditions for this hydrothermal aging are: the copper containing Levyne molecular
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sieve is placed in a tube furnace in a gas flow containing 10% H,O, 10% O,, balance N, at a
space velocity of 12,500 h™' for 24 hrs at 750 °C. Preferably the 750°C-aged NO conversion at
200°C is at least 70 %, more preferred at least 75 %, even more preferred at least 80 %, meas-
ured at a space velocity of gas hourly space velocity of 30,000 h™'. Preferably the 750°C-aged
NO conversion at 450°C is at least 70 %, more preferred at least 75 %, even more preferred at
least 80 %, measured at a space velocity of gas hourly space velocity of 30,000 h™’.

Preferably the 750°C-aged NO conversion at 200°C is at least 50 %, more preferred at least 60
%, even more preferred at least 65 %, measured at a space velocity of gas hourly space veloc-
ity of 80,000 h™. Preferably the 750°C-aged NO conversion at 450°C is at least 65 %, more pre-
ferred at least 70 %, even more preferred at least 75 %, measured at a space velocity of gas
hourly space velocity of 80,000 h™.

Aged: 850 °C

The copper containing Levyne molecular sieve, preferably ZSM-45, is hydrothermally aged.
Typical conditions for this hydrothermal aging are: the copper containing Levyne molecular
sieve is placed in a tube furnace in a gas flow containing 10% H,O, 10% O,, balance N, at a
space velocity of 12,500 h™ for 6 hrs at 850 °C. Preferably the 850°C-aged NO conversion at
200°C is at least 70 %, more preferred at least 75 %, even more preferred at least 80 %, meas-
ured at a space velocity of gas hourly space velocity of 30,000 h™'. Preferably the 850°C-aged
NO conversion at 450°C is at least 70 %, more preferred at least 75 %, even more preferred at
least 80 %, measured at a space velocity of gas hourly space velocity of 30,000 h™’.

Preferably the 850°C-aged NO conversion at 200°C is at least 50 %, more preferred at least 60
%, even more preferred at least 65 %, measured at a space velocity of gas hourly space veloc-
ity of 80,000 h™. Preferably the 850°C-aged NO conversion at 450°C is at least 70 %, more pre-
ferred at least 75 %, even more preferred at least 80 %, measured at a space velocity of gas
hourly space velocity of 80,000 h™*

Preferably the copper containing Levyne molecular sieve exhibits an aged NOx conversion at
200°C of at least 50 % measured at a gas hourly space velocity of 30000 h™'. Preferably the
copper containing Levyne molecular sieve exhibits an aged NOx conversion at 450°C of at least
70 % measured at a space velocity of gas hourly space velocity of 30,000 h™'. The catalysts
were hydrothermally aged in a tube furnace in a gas flow containing 10% H,O, 10% O,, balance
N, at a volume-based space velocity of 12,500 h' for 24 hrs at 750 °C. More preferred the aged
NOx conversion at 200°C is at least 60 % and at 450°C at least 75 % measured at a gas hourly
space velocity of 30,000 h', even more preferred the aged NOx conversion at 200°C is at least
70 % and at 450°C at least 80 % measured at a gas hourly space velocity of 30,000 h™', most
preferred, the aged NOx conversion at 200°C is at least 80 % and at 450°C at least 85 % meas-
ured at a gas hourly space velocity of 30,000 h*!

The SCR activity measurement has been demonstrated in the literature, for example WO
2008/106519.
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Process

Therefore, the present invention relates to a process for the preparation of copper containing
Levyne molecular sieve having a silica to alumina mole ratio less than 30 and a Cu:Al atomic
ratio less than 0.45, wherein the Levyne molecular sieve retains at least 60 % of its surface area
after exposure to a temperature of 750°C in the present of up to 10 volume percent water vapor
for a time ranging from about 1 to about 48 hours. Preferably, copper acetate and/or an ammo-
niacal solutions of copper ions are used as copper source.

Ammoniacal solutions of copper ions

Panias et al. (Oryktos Ploutos (2000), 116, 47-56) report the speciation of divalent copper ions
in aqueous ammoniacal solutions. Amino complexes of divalent copper Cu(NH3),>" are in prac-
tice the predominant forms in which copper is encountered in mildly acidic to strongly alkaline
ammoniacal solutions. The ion Cu(NH;),* is the most important ion of the Cu*-NH5-H,0 sys-
tem. It shows a wide region of stability varying from mildly acidic solutions with a pH of 5 to
strongly alkaline solutions with a pH of 14. The hydroxyl complexes of divalent copper are met
with in the Cu,+-NH;-H,O system only in very strongly alkaline solutions with a pH greater than
12 and in dilute ammoniacal solutions with a total ammonia concentration less than 0.1M. In
ammoniacal solutions copper is encountered in the form of free Cu** ions only in highly acidic
aqueous solutions.

Synthesis of the Na+-LEV
Synthesis of the Na+-zeolites having the LEV structure can be carried out according to various
techniques known in the art (for example US 4,495,303, EP 91,048 and EP 91,049).

Concentration

The copper concentration of the liquid copper solution used in the copper ion-exchange is pref-
erably in the range from about 0.001 to about 1 molar, more preferred in the range from about
0.01 to about 0.5 molar, even more preferred in the range from about 0.05 to about 0.3 molar,
even more preferred in the range from about 0.05 to about 0.2 molar.

Liguid:solid-ratio

The liquid to solid ratio which is defined here as the weight of water and copper salt used to
prepare the Cu solution relative to the dry weight of the starting zeolite used in the copper ex-
change step is preferably in the range from about 0.1 to about 800, more preferred in the range
from about 2 to about 80, even more preferred in the range from about 2 to about 20, even
more preferred in the range from about 2 to about 10, even more preferred in the range from
about 4 to about 8.

Reaction temperature
The reaction temperature of the copper-exchange step is preferably in the range of about 15 to
about 100°C, more preferred in the range of about 20 to about 60°C. In the case where a am-
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moniacal solutions of copper ions is used as copper source, the reaction temperature is pref-
erably in the range of about 20 to about 35°C, even more preferred in the range of about 20 to
about 25 °C

Addition order of reactants

The reactants zeolite, copper source and water may be added in any order. The zeolite can be
added to a premade solution of copper salt or complex, which can be at room temperature or
already preheated to the ion-exchange temperature. Alternatively, the zeolite can be preslurried
in deionized water followed by addition of copper salt or complex at room temperature or al-
ready preheated to the ion-exchange temperature. Additionally, the zeolite powder or filtercake
can be preslurried in an amount of water to enable transportation to the reaction vessel by
pumping and added to a solution of copper acetate. Again this can be done with or without pre-
heating.

Reaction time

The reaction time of the ion-exchange step is preferably in the range of about 1 second to about
48 hours, more preferred in the range of about 30 seconds to about 8 hours, even more pre-
ferred in the range of about 1 minute to about 5 hours, even more preferred in the range of
about 10 minutes to about 1 hour.

Reaction conditions

The aqueous solution is preferably suitably stirred. Typical values as far as said stirring or rota-
tion is concerned are in the range of from 10 to 500 rpm (revolutions per minute). In general, the
stirring speed is decreased as the reactor size increases.

pH: use of acidic additives

Preferably, the pH of the ion-exchange step is in the range of about 1 to about 6, more prefera-
bly in the range of about 2 to about 6, and even more preferably in the range of about 3 to about
5.5. In the case where an ammoniacal solution of copper ions is used as copper source the pH
of the ion-exchange step is in the range of about 5 to about 14, more preferably in the range of
about 6 to about 12, and even more preferably in the range of about 8 to about 11.

Depending on the starting materials employed, it may be necessary to adjust the pH of the
aqueous solution so that the pH has above-described values. Preferably, the pH is adjusted to
above-described values using acetic acid or ammonia which may be added as agueous solu-
tion.

Cu:Al

Using copper acetate, the ratio of Cu to Al in the copper solution for the copper-exchange step
is preferably in the range of about 0.25 to about 2, more preferred in the range from about 0.5 to
2, even more preferred in the range from about 0.5 to 1.5, even more preferred in the range
from about 0.5 to about 1.2. Using ammoniacal solutions of copper ions, the ratio of Cu to Al is
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preferably in the range of about 0.001 to about 1, more preferred in the range from about 0.25
to about 0.8, even more preferred in the range from about 0.25 to about 0.6, even more pre-
ferred in the range from about 0.25 to about 0.5.

Repeating ion-exchange
The copper-exchange step may be repeated for 0 to 10 times, preferably 0 to 2 times.

Posttreatment

After the copper exchange step, the exchange slurry containing the inventive copper containing
Levyne molecular sieve is suitably separated from the mother liquor. Prior to separation, the
temperature of the mother liquor may be suitably decreased to a desired value employing a
suitable cooling rate. This separation can be effected by all suitable methods known to the
skilled person. The Levyne molecular sieve may be washed at least once with a suitable wash-
ing agent known to the skilled person. After separation and optionally washing, the copper con-
taining Levyne molecular sieve may be dried and calcined.

Shape

The Levyne molecular sieve according to the present invention may be provided in the form of a
powder or a sprayed material. In general, the powder or sprayed material can be shaped with-
out any other compounds, e.g. by suitable compacting, to obtain moldings of a desired geome-
try, e.g. tablets, cylinders, spheres, or the like.

By way of example, the powder or sprayed material is admixed with or coated by a suitable re-
fractory binder. By way of example, the binder may be a zirconium precursor. The powder or the
sprayed material, optionally after admixing or coating by a suitable refractory binder, may be
formed into a slurry, for example with water, which is deposited upon a suitable refractory car-
rier.

The Levyne molecular sieve of the present invention may also be provided in the form of extru-
dates, pellets, tablets or particles of any other suitable shape, for use as a packed bed of par-
ticulate catalyst, or as shaped pieces such as plates, saddles, tubes, or the like.

Catalyst
Thus, the present invention relates to a catalyst containing a copper containing Levyne molecu-
lar sieve disposed on a substrate.

The substrate may be any of those materials typically used for preparing catalysts, and will usu-
ally comprise a ceramic or metal honeycomb structure. Any suitable substrate may be em-
ployed, such as a monolithic substrate of the type having fine, parallel gas flow passages ex-
tending therethrough from an inlet or an outlet face of the substrate, such that passages are
open to fluid flow therethrough (referred to as honeycomb flow through substrates). The sub-
strate can also be a wall-flow filter substrate, where the channels are alternately blocked, allow-
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ing a gaseous stream entering the channels from one direction (inlet direction), to flow through
the channel walls and exit from the channels from the other direction (outlet direction). In addi-
tion, suitable carriers/substrates as well as suitable coating processes are described in the in-
ternational patent application having the application number PCT/EP2009/056036 and in WO

2008/106519. PCT/EP2009/056036 and WO 2008/106519 are incorporated by reference.

SCR / exhaust gas treatment system

In general, the copper containing Levyne molecular sieve described above can be used as mo-
lecular sieve, adsorbent, catalyst, catalyst support or binder thereof. Especially preferred is the
use as catalyst.

Moreover, the present invention relates to a method of catalyzing a chemical reaction wherein
the copper containing Levyne molecular sieve according to the present invention is employed
as catalytically active material.

Among others, said catalyst may be employed as catalyst for the selective reduction (SCR) of
nitrogen oxides NOX; for the oxidation of NH;, in particular for the oxidation of NH; slip in diesel
systems; for the decomposition of N,O; for soot oxidation; for emission control in Advanced
Emission Systems such as Homogeneous Charge Compression Ignition (HCCI) engines; as
additive in fluid catalytic cracking (FCC) processes; as catalyst in organic conversion reactions;
or as catalyst in "stationary source" processes. For applications in oxidation reactions, prefera-
bly an additional precious metal component is added to the copper chabazite (e.g. Pd, Pt).

Therefore, the present invention also relates to a method for selectively reducing nitrogen ox-
ides NOx by contacting a stream containing NOx with a catalyst containing the copper contain-
ing Levyne molecular sieve according to the present invention under suitable reducing condi-
tions; to a method of oxidizing NHs, in particular of oxidizing NH; slip in diesel systems, by con-
tacting a stream containing NH; with a catalyst containing the copper containing Levyne mo-
lecular sieve according to the present invention under suitable oxidizing conditions; to a method
of decomposing of N,O by contacting a stream containing N,O with a catalyst containing the
copper containing Levyne molecular sieve according to the present invention under suitable
decomposition conditions; to a method of controlling emissions in Advanced Emission Systems
such as Homogeneous Charge Compression Ignition (HCCI) engines by contacting an emission
stream with a catalyst containing the copper containing Levyne molecular sieve according to the
present invention under suitable conditions; to a fluid catalytic cracking FCC process wherein
the copper containing Levyne molecular sieve according to the present invention is employed
as additive; to a method of converting an organic compound by contacting said compound with
a catalyst containing the copper containing Levyne molecular sieve according to the present
invention under suitable conversion conditions; to a "stationary source" process wherein a cata-
lyst is employed containing the copper containing Levyne molecular sieve according to the pre-
sent invention.
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In particular, the selective reduction of nitrogen oxides wherein the Levyne molecular sieve ac-
cording to the present invention is employed as catalytically active material is carried out in the
presence of ammonia or urea. While ammonia is the reducing agent of choice for stationary
power plants, urea is the reducing agent of choice for mobile SCR systems. Typically, the SCR
system is integrated in the engine and vehicle design and, also typically, contains the following
main components: SCR catalyst containing the Levyne molecular sieve according to the present
invention; a urea storage tank; a urea pump; a urea dosing system; a urea injector/nozzle; and
a respective control unit.

Method of reducing NOx

Therefore, the present invention also relates to a method for selectively reducing nitrogen ox-
ides NOx, wherein a gaseous stream containing nitrogen oxides NOX, for example exhaust gas
formed in an industrial process or operation, preferably also containing ammonia and/or urea, is
contacted with the Levyne molecular sieve according to the present invention.

The term nitrogen oxides, NOXx, as used in the context of the present invention designates the
oxides of nitrogen, especially dinitrogen oxide (N,O), nitrogen monoxide (NO), dinitrogen triox-
ide (N,O;), nitrogen dioxide (NO,), dinitrogen tetroxide (N,O,), dinitrogen pentoxide (N,Os), ni-
trogen peroxide (NO:s).

The nitrogen oxides which are reduced using a catalyst containing the Levyne molecular sieve
according to the present invention or the Levyne molecular sieve obtainable or obtained accord-
ing to the present invention may be obtained by any process, e.g. as a waste gas stream.
Among others, waste gas streams as obtained in processes for producing adipic acid, nitric
acid, hydroxylamine derivatives, caprolactame, glyoxal, methyl-glyoxal, glyoxylic acid or in proc-
esses for burning nitrogeneous materials may be mentioned.

Especially preferred is the use of a catalyst containing the Levyne molecular sieve according to
the present invention or the Levyne molecular sieve obtainable or obtained according to the
present invention for removal of nitrogen oxides NOx from exhaust gases of internal combustion
engines, in particular diesel engines, which operate at combustion conditions with air in excess
of that required for stoichiometric combustion, i.e., lean.

Therefore, the present invention also relates to a method for removing nitrogen oxides NOx
from exhaust gases of internal combustion engines, in particular diesel engines, which operate
at combustion conditions with air in excess of that required for stoichiometric combustion, i.e., at
lean conditions, wherein a catalyst containing the Levyne molecular sieve according to the pre-
sent invention or the Levyne molecular sieve obtainable or obtained according to the present
invention is employed as catalytically active material. The selective reduction of NOx implies
that N, should be the main product whereas side products such as N,O are minimized.
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Exhaust gas treatment system
The present invention relates to an exhaust gas treatment system comprising an exhaust gas
stream optionally containing ammonia and/or urea and a catalyst containing a copper containing
Levyne molecular sieve, obtainable or obtained by above-described process, disposed on a
substrate, a catalyzed soot filter and a diesel oxidation catalyst.

The catalyzed soot filter may be upstream or downstream of said catalyst. The diesel oxidation
catalyst is preferably upstream of said catalyst. Preferably said diesel oxidation catalyst and
said catalyzed soot filter are upstream from said catalyst.

Preferably, the exhaust is conveyed from the diesel engine to a position downstream in the ex-
haust system, preferably containing NOx, where a reductant is added and the exhaust stream
with the added reductant is conveyed to said catalyst.

For example, a catalyzed soot filter, a diesel oxidation catalyst and a reductant are described in
WO 2008/106519 which is incorporated by reference.

The following examples shall further illustrate the process and the materials of the present in-
vention.

Examples:
1. Hydrothermal synthesis of Levyne samples

1.1 Hydrothermal synthesis of 31 SiO,:Al,Os

Levyne was crystallized as described in US 4,495,303 using diethyldimethylammonium hydrox-
ide as the template and sodium hydroxide as further source of OH. The material was recovered
by filtration and dried before calcining at 600°C to produce the Na-form of Levyne (example 1).

Chemical analysis showed the material to have 31 SiO,:Al,O;, and 0.11 wt% of Na,O on a vola-
tile free basis. XRD indicated that pure Levyne had been obtained (see figure 1).

1.2 Hydrothermal synthesis of 29 SiO,:Al,Os

Levyne was crystallized as described in US 4,495,303 using diethyldimethylammonium hydrox-
ide as the template. The material was recovered by filtration and dried before calcining at 600°C
to produce the Na-form of Levyne (example 2).

Chemical analysis showed the material to have 29 SiO,:Al,O;, and 0.88 wt% of Na,O on a vola-
tile free basis. XRD indicated that pure Levyne had been obtained (see figure 2).
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1.3 Hydrothermal synthesis of 26 SiO,:Al,O;

Levyne was crystallized as described in US 4,495,303 using diethyldimethylammonium hydrox-
ide as the template. The material was recovered by filtration and dried before calcining at 600°C
to produce the H-form of Levyne (example 3).

Chemical analysis showed the material to have 26 SiO,:Al,O;, and <0.01 wt% of Na,O on a
volatile free basis. XRD indicated that pure Levyne had been obtained (see figure 3).

1.4 Hydrothermal synthesis of 22 SiO,:Al,O;

Levyne was crystallized as described in US 4,495,303 using diethyldimethylammonium hydrox-
ide as the template and sodium hydroxide as further source of OH. The material was recovered
by filtration and dried before calcining at 600°C to produce the Na-form of Levyne (example 4).

Chemical analysis showed the material to have 22 SiO,:Al,O;, and 0.81 wt% of Na,O on a vola-
tile free basis. XRD indicated that pure Levyne had been obtained (see figure 4).

2. Ammonium exchange of examples 1, 2 and 4

2.1 Reagents and suspension preparation
The following starting materials were employed:

Ammonium nitrate
Deionized water
Sodium Levyne from example 1,2 and 4 described in sections 1.1, 1.2 and 1.4, respectively

2.2 lon-exchange conditions and chemical analysis

Table 1 details the exchange conditions. The 0.125 M solution of ammonium nitrate was pre-
pared by dissolving the appropriate amount of ammonium nitrate in deionized water before
heating to 60 °C in a stirred jacketed 4 L glass reactor. Then the alkali form of Levyne was
added to the aqueous solution of ammonium nitrate. The slurry was stirred at 250 rpm through-
out the experiment. The volume of the exchange slurry was kept constant at a liquid:solid ratio
of 10:1 which was defined above. The exchange slurry was kept for 1 hour at 60 °C, and then
filtered hot (without additional cooling) over a Buechner funnel with appropriate filterpaper. The
filtercake was then washed with batches of 1L deionized water until the conductivity of the
washwater reached 200 uS cm™. All filtercake samples were washed with room temperature
washwater. Table 1 summarizes the chemical analysis of the resulting products.
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Table 1. Ammonium exchange details.
Parent material example # Example 1 |Example 2 |Example 4
Example 1- | Example 2- | Example 4-
NH,-form example # NH, NH, NH,
Number of exchanges 1 2 3
Si02:Al,03 32 29 23
Na>O (wt%) <0.01 0.02 0.01

3 Copper exchange
3.1 Reagents and suspension preparation
The following starting materials were employed:

Copper Acetate Monohydrate
Deionized water
NH4-Levyne (example 1-NH,4, example 2-NH, and example 4-NH,) and H-Levyne (example 3)

3.2 lon-exchange conditions and chemical analysis

Table 2 lists the important synthesis parameters for the ion-exchange in the preparation of ex-
amples a to p. The copper-containing examples a through f were prepared from example 4-
NH4. The copper-containing examples g through k were prepared from the H-Levyne desribed
in example 3. The copper-containing example | was prepared from example 2-NH,. The copper-
containing examples m through p were prepared from example 1-NH,.

A copper acetate solution was prepared by dissolving copper acetate monohydrate in the ap-
propriate amount of deionized water in a jacketed glass reactor. This solution was heated to
60°C with stirring before addition of the required quantity of the parent NH, or H-Levyne. Typi-
cally, a liquid to solid ratio of 20 was employed with the exception of example H where the liquid
to solid ratio was 10. The temperature of 60°C was maintained for 1 hour. After 1 hour of ion-
exchange the slurry was filtered hot over a Buechner funnel. The filtercake was then washed
with deionized water until the conductivity of the washwater reached 200 uS cm™. The sample
was washed with room temperature washwater. The resulting powder was then dried in an oven
at 120 °C for 16 hours. Table 2 also summarizes the CuO and Na,O loading of all resulting
products. All values are reported on a volatile free basis. Cu:Al and Cu:H were then calculated.

Chemical analysis, reported in Table 2, indicates a slight variability in SiO,:Al,O; which is shown
in Table 4 to impact the catalytic performance.
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4. Preparation of Catalyst (Catalyst Examples A to P)

The powder was first prepared as an extrudate before testing. A typical preparation would in-
volve adding 18 g of water to 20 g of dried powder in a Stephan-Werke GmbH mixer (Model
No.: 0ZDe042/4s) at a mixing rate of 80 revolutions per minute. This was mixed until homoge-
nous which took about 10 minutes. Then 0.5 g of polyethyleneoxide (PEO) were added and
mixed until homogeneous which took 2 minutes. 2.5 wt% PEO was added to mixture as a
binder. Then 2 g of water were added slowly and the paste was mixed for about 5 minutes to
homogenize. This paste was then pressed in a hand-made press with an extruding hole of 2
mm diameter and 10 cm length. The resulting extrudates were dried at 120 °C for 5 hours and
calcined at 540 °C for 5 hours. The extrudate was then sized into pellets and sieved to separate
a pellet size of 0.5 to 1 mm. This size fraction was used for testing in the reactor. The sieves
used were obtained from the company Retsch (500 um sieve (S/N 04025277) and a 1 mm sieve
(S/N 04009529) both having a diameter of 200 mm and height of 25 mm). The resultant cata-
lysts are referred to as the fresh state meaning that they have not been subjected to any hydro-
thermal aging.

Catalyst examples inherit the same example nomenclature as the copper containing powder
described in Table 2. That is, Catalyst Example A in tables 3 and 4 is the catalyst catalyst pre-
pared as described in section 4 from example a in Table 2. Table 3 reports the surface area
data and Table 4 reports the catalytic data.

5. Aging

The aging reactor was composed of a 1 mm thick steel tube (grade 1.4841 from Buhimann
Group) with diameters of 500 mm height and 18 mm internal diameter. A nickel mantle based
furnace was used to heat the reactor to the target reaction temperature which was monitored by
an internal thermocouple at the location of the sample. The steam was prepared by heating
controlled amounts of water at 150 °C through a steel presteamer before mixing with the re-
maining gases in a static mixer. The gases together with the steam were then passed through a
preheater to enable the target temperature.

The extrudates formed as described in section 4 were hydrothermally aged in a tube furnace in
a gas flow containing 10% H,O, 10% O,, balance N, at a space velocity of 12,500 h* for 24
hours at 750°C or 6 hours at 850 °C. Aging at 750 °C is considered lean hydrothermal aging.
Aging at 850 °C is considered severe hydrothermal aging.

Table 3 reports the surface area values for fresh and aged states of Catalyst Examples A to P.
Table 4 reports the catalytic data for the fresh and aged states of the same Catalyst examples.
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6. Catalytic Testing (catalyst examples A to P)

The aged catalysts samples obtained from sections 4 and 5 (750 and 850 °C aged states) were
evaluated for selective catalytic reduction of NOx activity using the following reactor set up:

The reactor is composed of a 1 mm thick steel tube (grade 1.4541 from Buhimann Group) with
diameters of 500 mm height and 18 mm internal diameter. A copper mantle based furnace was
used to heat the reactor to the target reaction temperature which was monitored by an internal
thermocouple at the location of the sample.

5 ml of sample is loaded into the reactor and secured with a plug of silica wool at each end of
the sample. The sample height is controlled by filling the empty reactor volume with an inert
silica based material (Ceramtek AG - product # 1.080001.01.00.00; 0.5 to 1 mm - 45 g at the
bottom and 108 g at the top of the sample).

An inlet gas mixture was formed containing 500 ppm NO, 500 ppm NHs, 10% O,, 5 % steam
and balance He. The steam was prepared by heating controlled amounts of water at 150 °C
through a steel presteamer (grade 1.4541 from Buhlmann, dimensions were 6 mm internal di-
ameter and 900 mm length) before mixing with the remaining gases in a static mixer. This gas
mixture then passed through a preheater set at 250 °C and static mixer before entering the SCR
reactor described in the previous paragraph.

The DeNOx activity was measured under steady state conditions by measuring the NOx, NH;
and N,O concentrations at the outlet using a FTIR spectrometer. Samples were tested at reac-
tion temperatures of 200 and 450°C. Furthermore, they were tested at a volume-based gas
hourly space velocity of 30,000 and 80,000 h™'. NO conversion was then calculated as (NO out-
let concentration (ppm)/NO inlet concentration (ppm))*100. N,O make was also recorded as
concentration in ppm.

Figures 5 to 9 report the DeNOXx activity of Catalyst Examples A to P, in their aged states, at
reaction temperatures of 200 and 450°C at the aforementioned space velocities. N,O make for
all samples was below 11 ppm at 200 °C and below 37 ppm at 450 °C.

Figure 5 indicates 750 °C aged DeNOx activity (%) versus CuO loading (wt%) at 200 °C for
Catalyst Examples A to P when measured at a volume based space velocity of 30,000 h™.

Figure 6 indicates 850 °C aged DeNOx activity (%) versus CuO loading (wt%) at 200 °C for
Catalyst Examples A to P when measured at a volume based space velocity of 30,000 h™.

Figure 7 indicates 750 °C aged DeNOx activity (%) versus CuO loading (wt%) at 450 °C for
Catalyst Examples A to P when measured at a volume based space velocity of 30,000 h™.
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Figure 8 indicates 850 °C aged DeNOx activity (%) versus CuO loading (wt%) at 450 °C for
Cataylst Examples A to P when measured at a volume based space velocity of 80,000 h™.

Figure 9 indicates 750 °C aged DeNOx activity (%) versus Cu:Al at 200 °C for Catalyst Exam-
ples A to P when measured at a volume based space velocity of 30,000 h™.

Figure 10 indicates the surface area retention of Catalyst Examples A to P after aging at 750 °C
with respect to CuO loading (wt%).

Comparative example 1: commercially available FeBeta

A commercially available FeBeta was used as a reference material. The composition of the ma-
terial is ~36 SiO, : Al,O; and ~1.9 wt% Fe,0:s.

Comparative example 2: Cu/ZSM-5

A ZSM-5 was commercially obtained from Zeolyst and was copper exchanged for use as a ref-
erence material. The composition of the CBV2314 starting material was 23 SiO, : Al,O; and 0.05
wt% Na,O. The copper exchange procedure was carried out as detailed in section 3 where the
copper concentration was 0.1 M and the liquid to solid ratio was 10:1. The composition of the
resulting product was 24 SiO,:Al,O; with 3.28 wt% CuO and < 0.01 wt% Na,O.

Comparative example 3: Aging

Catalysts were prepared from comparative examples 1 and 2 as described in section 4 before
hydrothermally aging as described in section 5. Both catalysts were aged at 750 °C, in 10 %
steam for 24 hours at a volume based space velocity of 12,500 h™.

Comparative example 4: Catalytic testing

Aged catalysts were then tested as described in section 6 at volume based space velocities of
30,000 and 80,000 h™.Table 4 indicates the DeNOx activity for both aged Fe/Beta and aged
Cu/ZSM-5.

Table 4:
Space velocity = 30,000 h' | Space velocity = 80,000 h”!
Sample Fe/Beta Cu/ZSM-5 Fe/Beta Cu/ZSM-5
NO conversion at 200 °C (%) | 20 61 10 40
NO conversion at 450 °C (%) | 89 69 82 60
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8. Comparison to prior art

FeBeta was an effective catalyst for the selective catalytic reduction of NOx with ammonia, but it
does not fulfill the low temperature requirements or provide the necessary hydrothermal stability
to meet tightening environmental regulations. WO 2008/106519, WO 2008/132452 and WO
2008/118434 all disclose CuSSZ-13 as a SCR catalyst which improves low temperature per-
formance and hydrothermal stability when compared to FeBeta. SSZ-13 is a chabazite technol-
ogy where significant cost is contributed by the expensive template, trimethyladamantyl ammo-
nium hydroxide, needed to synthesize the parent zeolite prior to Cu modification. Levyne offers
significant cost reduction due to the potential use of lower cost templates. WO 2008/132452
discloses a CuNu-3 (Levyne-type) material with improved performance in comparison to Fe-
Beta, but inferior NOx conversion when compared to CuSSZ-13 at 200 and 450 °C. Additionally,
Nu-3 does not realize cost benefits as methyl-quinuclidine is an expensive template. This inven-
tion improves on the performance seen for the CuLevyne reported in WO 2008/132452. This
invention also delivers comparable catalytic performance and durability to CuSSZ-13 with re-
duced cost due to the use of less expensive template (diethyldimethylammonium hydroxide).
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Patent claims

A copper containing Levyne molecular sieve having a silica to alumina mole ratio
less than 30 and a Cu:Al atomic ratio less than 0.45, wherein the Levyne molecu-
lar sieve retains at least 60 % of its surface area after exposure to a temperature
of from about 750°C to about 950 °C in the present of up to 10 volume percent
water vapor for a time ranging from about 1 to about 48 hours.

Copper containing Levyne molecular sieve of claim 1 having a silica to alumina
mole ratio less than 28.

Copper containing Levyne molecular sieve of claim 1 or 2 having a silica to alu-
mina mole ratio less than 26.

Copper containing Levyne molecular sieve of one of the preceding claims having
a silica to alumina mole ratio less than 23.

Copper containing Levyne molecular sieve of claim 1, wherein the silica to alu-
mina mole ratio is in the range from about 10 to about 28.

Copper containing Levyne molecular sieve of one of the preceding claims,
wherein the Levyne molecular sieve retains at least 70 % of its surface area after
exposure to a temperature of from about 750°C to about 950 °C in the present of
up to 10 volume percent water vapor for a time ranging from about 1 to about 48
hours.

Copper containing Levyne molecular sieve of one of the preceding claims,
wherein the Levyne molecular sieve retains at least 80 % of its surface area after
exposure to a temperature of from about 750°C to about 950 °C in the present of
up to 10 volume percent water vapor for a time ranging from about 1 to about 48
hours.

Copper containing Levyne molecular sieve of one of the preceding claims,
wherein the Levyne molecular sieve retains at least 90 % of its surface area after
exposure to a temperature of from about 750°C to about 950 °C in the present of
up to 10 volume percent water vapor for a time ranging from about 1 to about 48
hours.

Copper containing Levyne molecular sieve of one of the preceding claims,
wherein the copper containing Levyne molecular sieve exhibits an aged NOx
conversion at 200°C of at least 50% and at at 450°C of at least 70% measured at
a gas hourly space velocity of 30,000 h-'.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

25

Copper containing Levyne molecular sieve of one of the preceding claims,
wherein the atomic ratio of copper to proton is less then 7.

Copper containing Levyne molecular sieve of one of the preceding claims,
wherein moles Cu per 100 g zeolite (calculated as moles) are more than 0.01.

Copper containing Levyne molecular sieve of one of the preceding claims,
wherein Cu content of the copper containing Levyne molecular sieve, calculated
as CuO, is from about 2 to about 4 wt.-% based on the total weight of the cal-
cined Levyne molecular sieve.

Copper containing Levyne molecular sieve of one of the preceding claims,
wherein the Cu:Al atomic ratio is from about 0.2 to about 0.4.

Copper containing Levyne molecular sieve of one of the preceding claims,
wherein the Levyne molecular sieve is a ZSM-45.

Copper containing Levyne molecular sieve of one of the preceding claims,
wherein the Levyne molecular sieve is a Nu-3.

Catalyst containing a copper containing Levyne molecular sieve of any of claims
1 to 15 disposed on a substrate.

Process of for the preparation of any of copper containing Levyne molecular
sieve of any of claims 1 to 15, wherein copper acetate and/or an ammoniacal so-
lutions of copper ions is used as copper source.

Use of catalyst containing a copper containing Levyne molecular sieve of any of
claims 1 to 15 or of claim 16 as catalyst for the selective reduction (SCR) of ni-
trogen oxides NOx; for the oxidation of NHs; for the decomposition of N2O; for
soot oxidation; for emission control in Advanced Emission Systems; as additive
in fluid catalytic cracking (FCC) processes; as catalyst in organic conversion re-
actions; or as catalyst in "stationary source" processes.

Exhaust gas treatment system comprising an exhaust gas stream containing
ammonia and a catalyst containing a copper containing Levyne molecular sieve
of any of claims 1 to 15 or claim 16, a catalyzed soot filter and a diesel oxidation
catalyst.



WO 2011/045252 PCT/EP2010/065150
26
20. A method of selectively reducing nitrogen oxides NOx, wherein a gaseous
stream containing nitrogen oxides NOX, is contacted with copper containing
Levyne molecular sieve of any of claims 1 to 15 or of claim 16.
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the Levyne molecular sieve retains at least 60% ........ to about 48
hours" that is clearly linked to the problem to be solved in the present
application (see page 3, lines 18-27). Such a result to be achieved is to
be objected per se as unclear, since the claimed subject-matter shall
define the technical features that are essential to the contribution of
the probiem solved. Moreover, it is noted that the conditions of exposure
are not clear, since it is possible to vary the temperature, the volume
percent of water vapor and the time. As a consequence it is possible that
a Levyne molecular sieve retains at least 60% of its surface when exposed
to 750°C for 1 h hour at a low water vapor content, but it does not
retain at least 60% of its surface when exposed to 950°C for 48 h hour at
a 10 vol% water vapor. (See e.g. catalysts E-G and I-K) Claim 9 is also
defined by a result to be achieved that is directed to the problem to be
solved and can therefore not regarded as clear.

The applicant’s attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
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examination (Rule 66.1(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter II procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guideline C-VI, 8.2),
should the problems which led to the Article 17(2) declaration be
overcome.




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2010/065150
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2008118434 Al 02-10-2008 CA 2681135 Al 02-10-2008
CN 101674885 A 17-03-2010
EP 2136916 Al 30-12-2009
EP 2246111 A2 03-11-2010
JP 2010522688 T 08-07-2010
KR 20090123978 A 02-12-2009
Us 2008241060 Al 02-10-2008
USs 2010092361 Al 15-04-2010
ZA 200906438 A 26-05-2010
WO 2008132452 A2 06-11-2008 CA 2685009 Al 06-11-2008
CN 101730575 A 09-06~-2010
EP 2150328 A2 10-02-2010
JP 2010524677 T 22-07-2010
KR 20100017347 A 16-02~-2010
US 2010290963 Al 18-11-2010
US 2004048734 Al 11-03-2004  NONE

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




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS
	SEARCH_REPORT

